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GALLI UM NAPHTHALOCYANI NE SALTS FOR USE AS | MPROVED

| NFRARED DYES Field of the Invention 5The present

application relates to infrared (IR) dyes, in

particul ar near-IR dyes, which;are synthetically °
accessible in high yield and which are dispersible in

an aqueous |nk base It has been developed prlnarlly
] N OF RRQ VD INERARED DYES

for opt| m zi ng IR— absor ption. Backgr ound of the
el |on 101 R absor bi ng dyes have nunerous

= such as optical recordi ng systens,

t her nEtle pwmsant 4pﬂga@s@tamﬁdr@g® dyeb, |itt partgylan nadril@ dyesl which are
S%HQ&Q Pg&ps\élble 'ﬂﬁgé g@éld AP thllclpﬁé &1%1&@ [ﬂ{jan Qﬁdegus llrmg)ase It has been developed

yp It _is desirab dyes used in these
%{ﬁﬁﬂyé%moasﬂeg Roinksompagple 8ﬁ1gc%4¥§6?k&tafl fqr epHmizing 18y éba?rptroe
at the em ssion wavel engths of sem conductor | asers
ErDound g@t out 700 and 2000 rim preferably
0 and 1000 rmu). In optical recordln% N
t echnl absg‘gbmgﬁims hes Avrpiress arplisafipng prekiag Rtieal (rReTAiRg WpiFipRe thermal writing

((lﬁﬁﬁ A&} ﬁlai’sdmﬁ'ﬁéli ﬂh%@msj QﬁHdﬂﬂ aﬂp’ﬁédtlﬂlﬁ)m&brﬁiﬁ% T@&El[yﬁlt Rld&irable for
ort ant

ti% cg Fs 1¥e 1n SICSC S?phfaﬂgnci to have strongna'bsom?on in the nﬁar EI@ a% threlem sswngwavelengths of

pplicat! on
aemk@ﬂducm dasess @ gdgeveaw@out éQOramewp nmfprqur@nbttmwe?rm’oeﬁ fA@dtand H00 nm). In

dpﬂcaplre&cﬂiu%decm&& IS e%fpie' &MluﬁarathllﬂJJH’QgeB@@GGaAﬂsf Al iddiuAlphosphide

of thjs te I s the use of printed,
(g@bﬁﬁ%ga[sgs gardgyae asq’ﬁl‘;frsg%%?&es are typically printed
ont 0 Amher imporfasthpilisatias B idges &dn inks, $ncteas pamting gild. dhe storage and retrieval

cﬁ ﬁi@ I{Qﬂ ﬁl‘fonﬂeﬁgn ﬂ'xg)ﬂﬁt@d farnll EEQ‘E&E&I& %ox@agp Htfan‘ixhzﬁ eﬁ?ngﬁl WUEthis technology is the
as Its | ntity, price etc. Bar codes are 20

‘lﬁ%‘ifgfl’l‘t?j ﬁ?f‘l?nﬁl?I%‘EPr Fades P?‘T &edegyyre WP‘%%HES PRntqq|oRia fags ?ﬂlabeléﬁé""‘ated with a
et @ pedud sidRehtan BfobrhaBiod dbglt theforodunt, auch e idetitity, pHe etc. Bar codes are

\%gaﬁg Hﬁ%gtér%/lmeﬁ !vlg%le %EHPJHL ?r?dsq%%ge&lls:lggjg glbll? :1?:1? Ero £ sognnexaThe scanner

t sour
tarrglncopioroedED GFB‘F“&J@ éthgﬂgserr E‘F‘F*Ef‘él“é ?té%t mn)rklglaé%lrce and a
;myte&n $od Hét BhgreleOted BEHE Blabk d33d SURMR férikeSn Bdr@d&liarsGied doRfibed in, for
o lef Qoos e, WO03/074613. However, in
?n?f’r’ applications of this technology (e.g. security
t aggi By vertin ¢ther gpdi¢atiors logthis teclimalpey (8¢ 28ty tageing) itdy degitaple fo have a

Haxrc‘,&f%l Ar 'oﬂért?xlltﬁhmé Jﬁérﬁgg pﬁﬁtéd“@@n Wi b3t ivibinK tolthtAhailled eye, but which can
| gw si.b ‘ﬁg e unai ded eye, but which can be

G| ‘ftecéefié“édeh & or IR light. An especially inportant

app! i Aesspeoinllyofupatetteptliadsiorof datedtablethvditileiik s & alematic identification systems,
aﬁ&lés?&ﬁh cﬁetb%@n%nhf ﬂiﬁ)@ltldbgm _I_ysﬁe'ing 'T&tpa&rlgste%ﬁ Rie Qﬂe@lﬂj_]%t of a number of

per | abel systens. Netpage Syst
PafeRgs %nﬁ eateu iﬂplé‘if‘tmé fomg of whigfeare leffed pebeitss re&l‘?&“p"ﬁ“t“%‘tbo"e and , all of
véhirfh late GrbripGrarsd leeifeby@éferfae.ch are |isted in the
cross-reference section above and, all of 30which are
i ncorporated herein by reference. I n general,
the nelnpersel sipapipree susiomeelien o thiErodeiin e apdipmgn Mmickpn with, netpages.

ThESTBR phddt SXt&E tgka@lﬂcsVﬂh& fhaghd @hﬁ’c&g@ﬁ)rdm-EBQﬁﬁer HuewRaG RSk e interactive web
! eXtI%\fl‘ﬂ / ﬁ(gl V\z)erkoqa cri] &n eac ?a r a% ! Inﬂ(t qchgg] sugstan 1ﬂ§l|u¥vf13%"fg) 10 {he unaided human

ebs Thn ddkd dowvayer, eladcherplafg@e geded) giatam@nvbhlserhed By an optically imaging pen and

2B RitheHetp¥eelsihSi bl € to the unai ded human 35eye
The i nk, however t hereby the odeg? data, can

an
sensedtiy° Btfowsed s e oA o i v dipegge nformation
fiomaetheadygak)er ©\sha [Preferences to a netdork isareer. o tséranSrngsn @hxt written by hand on a
ngt¥a%§ rnla& Bé Qtﬁon%ﬂcaﬂ? ?Qom%aﬂ%n@ﬁedqe 'c&llﬁﬁgr Mtt 19 tﬂehl@tpz%@ rsttem allowing

to request Information fromthe network or to sign

fosme i P itlsing 1§ odhen &b riiengwps Bpordef oo Soprpagoms be fllé%{&amaﬂy verified,
alvitgd eedombigrchiadnchc@is & ba &dciralg euttivtiyedoe aut omatical |y

recogni zed and converted to conputer text in the

net page system allow ng 40forns to be filled in. In

ot her fornms, signatures recorded on a netpage may be
automatically verified, allow ng e-conmerce

transactions to be securely authorized. 20
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15Tags are printed in infrared-absorptive ink on any
substrate which is infrared-reflective, such as
ordi nary paper. Near-infrared wavel engths are

invisible to the human eye but,are easily sensed by a °
ZOL Iad ﬁé ees are@cfgkﬁunag 1‘? gn wlmhtatletg% g%ﬁ‘%g frg rb}nﬁt'lt%ﬁ)t &1% é)?orvide a paper-based

usRs FPterfa??do E%E\Shfﬁgfo’d@tl@ aiﬁ‘é interagifyg firti¢eeéd t o t he net page

Sy ste m\‘{létﬁagE basigesr a%htecﬂﬁig@@@ Sthdp lshrRtEregion) li}ﬁlsibl%/nagg&i with references to
ag, onhng%ezs?]rbo?i?n ?fc T gpgg Ll"geatni%e S’X'ﬁet c?eicnat?onr}se }élgrs?tgi ?d persxst%{c‘y%y a netpage page
serma] The pred ddberiptien descaibes givgethletlyant apdrnton of harege, ei«"-luélbg tgxt, graphics and
ﬂng@QQt a@stf) dEs@x‘ri'&g th@ %utte%gleﬁy @Ipthﬁ Bagél 1§dh[3191% %ut@né Qypegﬂkst ha input fields. A

. ortant that e, recogni ze the
“F‘Bagﬁ ﬁ‘&?wﬁ Bg‘ﬁ‘t"ﬂgﬁ pdg W“lé%"uf%?gﬁ it &t ’éfc?l“ B ?ﬂ“’{aﬁf‘é’“%%@gm%‘? and processed
bgihaoepdghigstemt eraction i s statel ess. Tags are

error 'I&Ql[l}%l@e %Lt@&%sy ca%nﬁlgrgerge Ea%e%@? d&sbr%i‘fbxp eﬁ&v&e@érl % allow input through

tolerant to surtace % The netpag
ofhsiydse idsptipalpageporhe alﬁfﬁlgmﬁw ﬁ?ca Gerasat assigpcsiednigee peefyideatifiay This page ID
hi shfficied preitifag eistinghibibaiwien d veryli@gedhmb@bfegages.a di stinct

;Z; e O];Eeagé ?e?er %yeptg ltqip g)ggevdgscﬁﬁ%n ];soer coI nd01Hta 6 mtgi t%igc' Tlhg] tag t3:1§nt1ﬁe:s the unique

PR rhich &4 apmaISSané ﬂterehzd@dlrmﬂskld@mﬁ@ thev@eb %@wtl%%ea%ﬂso identifies its
oahpmhkgonﬁuﬁ@galla I n general | -1'yperlabel TM syst ens

o A T Rk LB A0 20 o 208 SRR L v, s
ogiingryi rlpeg A¥var-ialyainvagensthh are invisibgl th thwdumineeye hutiaregeasily sensed by a solid-

s ihARE RnQf with Mafbirhte lierbe tagged or a signifi cant
portion 30 thereof w thout inp on the

desi grf* Bf SSAEepPsadet ‘n?g"pﬁﬁﬁl?%@lﬂ?‘? ‘B?g PSP &1 B g‘g ‘fl 5 ‘Fﬂ?smltted to the
ngprge sBtegILNi{ the @eapdst setpgoptinet. The ptraggadiets’ @imotuagnipees ith the netpage
p}nlﬁ&q'la allﬁ rpljéﬁgt% %@ linQ r’l‘a&faregsnﬁcfgﬁtgl%ﬂgﬂ ang ?géelpﬁangﬁ Ehglctfle pen can reliably

I'ts e scahne a si I cant
448 o 53t fig §1eg e * pdadivhpt deereplt LS thb‘égeclliﬂ ggognige the page ID
aed poﬁihdﬁﬁin&ﬁery ittt dctaar mm&; pagef sihdd@hel ilgyGactiaf 8 sQRREBATIgs af drror-correctably
enco %Itc}/ nele!.k them arluﬁlatto?eran to ;H'E ta%%%gf t hen | abel damage

ﬁonger pr vent's scanni ng hus, perlabelllng

c onsi skbs neipagepagetervapmantiinagaiaponees itangff for gseh Ryigief primseg pllowing it to
1RinRMOS HisdnciMet Br @BLdufiAibd Valuek @dakit Geli i 8d Ple€ dbBEISion for each printed

Wen the tags utilize reflection or absorption in the
"THF¥ared spectrum they are referred to as infrared

i dent Hypaialtel 8 s a(tiafRl DYk offggerbrikdieschipip By [Lisb &vstraltagly general, Hyperlabel ™

s#%ing el M i (el Bfarbd) Qag@i‘h@géﬁ%e @rhnghay Ricstt a@g@@t §em This has the
directly enc ct co

e
PR DITRYe (i DA 06 ap PoaL EIPBE I BHHRER: pyf pputeant porion
tHeatefhtvitHohteiipingige qartiChnphic da&ﬁ of/thapradudd mbiasies d)r()abklmp_ If Fhe entire surface
oF{?&JE]% etalg ta%%e%‘{“o%;tégg{ﬁ h¥n %Hénltafnbr?c?f thJ ﬁg&whog‘s%i) Ef‘feu B bility to be

on t surface o
s@wRh &4 # eigificermatpfdhe I’E@ﬂ%sfﬁhf dgsaé‘rantﬁ@t%é@@e patodesdtdlimipeted; Furthermore,
if30e tags are compi¢peaid akeldy kephtart e omapdgs s dthéhUlabd Glafp4ee Gid Qbnger prevents
Sg@gufacture and/ or packagi ng using digital printers,
pTéFérably inkjet printers. These may be add-on
i nf r afby. fypiriabetling conpipis efisoysringt langheortion gEthefurfage of ferodugtyith optically-

reddile AN Ggs. MaNe b Q@Q uldlize Q@f@&lob)br @bsB@fion" B ARSinfrRéd spectrum, they are
re{fefr%rtgc? ?}raé én a{eg%{e 10& ﬁ&gﬂf [ arEseaghﬂ ehﬁgg\'grluguely 1dent1itles the product on

whikly it enpkabh EhstFdvingyadiredsly enpetdetbe waduptsogeepf dhe ritieth.aor it may encode a surrogate ID
whitlk Dlr}% QNrifle® thp ﬁfomg&ae vie % g%@&asqudk{}}g E§0h| th# o?@éﬁﬁl%dentlﬁes its own

havi ng an appragpriate near-I1R frequency.
PeSHigR é)% tlﬁ‘aiyr ﬁ:@ of tlllea%r%c}uct( 1&:mg to proyid Aéiowgsgga}m c%ﬂ}nteﬁ benefits of netpage
inepactiwtyl i ght at 830 nm or it may be an LED

Fromthe foregoing, it wll be readily apparent that
invisible | X detectable inks are an inportant

conmponent of netpage and Hyperl abel | m systens. In

order for an IR absorbing ink to function

satisfactorily 10in these systens, |t should |deaIIy

..... p—
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Some IR dyes are comercially available from various

sources, such as Epolin Products, Avecia 25l nks and

H. W Sands Corp. In addition, the prior art describes

various | R dyes. US 5,460, 646, ;for exanple, describes o
an inf ﬁlntl |nk cor r|S| a

vehi cIIE al agelg sola€% f‘ d“‘"&ﬂ%e"r el n nfaﬁ‘ﬁgc(% gn;%}é)plp %E%mﬁ%smg digital printers,
;gqqurp}{bomk_]éq Dyiptess, ’Bhesenlafyhlteh@ﬂ—g@ meﬁ @rinters, which print the tags after the text and

é?dpﬁlcg ﬁa'v@iaéeﬁ; ¥11u§éd|b¥1|o@%ﬂ H&ns, or integrated coldwSand im@ded ffkers which print the tags,

escri bes a sol vent-based printing i nk conprising a
tﬁ%i"glgraf’]i’“ésémﬂ’if?‘ﬁﬁsgcyanl ne, a 30conpl exed

pht hal Hypytibelsl¥ cancbeetbadd-using eimiia éetutvinien eybasndemerxcent using a light source
lﬁggéjzln%ﬁgprﬁé Qa{r Iﬁ@h&‘ﬁé’r@? "I‘H@hgh@soﬂf’c@ Kx@} bedalI 153@1' ® %%Al@ﬂaser which emits

amni um conmpound, hi ne” conpound or an

light g @Héﬁ‘h‘t{étr"i‘aé{b%&ﬁltﬁ]) However, none of these

pr i OrFré@ti the ehye@sing; &wvilbie réadilymappaadnettiat fxrvisIeiIR Ketegihlp dks$ 4r¢ Drimportant

c%tlfﬂ)on‘ag o?neIp? Hﬁ}g%&baﬁ’t g%igrﬁ Ig%rdtyfgr% h@ﬁ)@ I?VLHQ Y t%tﬁﬁlg&n satisfactorily
particu mer ci aval | e and/or prior art

IPF#‘R% systgss etrshwiddéﬁa@ﬁeeebarnuwb?r @f‘é’l‘mﬁ he fol | owi ng

probl@ns: oaﬁﬁdﬁwtylo@memdyu\amelraan@ﬁdnﬁmjuﬂﬁw table for

g?;gg(tr)lssgﬁg atlgl?{x ogtlﬁﬁ é(gc{] ggngﬂg ckllleou{3 soopvent% usec*'l 9 mhqre{ Istor

unac déipt abhtynsmbgchpt@b gcheytedr diraired rpgien (‘?/8 g P(btl0 é0Qamy: of

the SRSC rAdor bR ifddabityQRbld :8dorpkish; pat ent  appl i cation no.

10/ 986, 40 he contents of which is herein

i ncorPor atlié aB “Peference), we described a

wat er( iy ol ulmlnealgtaﬂllhtyum napht hal ocyani ne dye fulfilling

many @f) theodeghiaRlge properties identified above. The

dye typlcally conprises four sulfonic acid groups,

whi cHVifthpdey-cost mrgfc¥edegr ee of water-sol ubility,

ei t heix) i n adheges &€l @ paer &d btherfo@ediayandHowever , | t has si nce

been }ognql 3. R g{;gam{m b%@dlgofaﬁ nIfk% for

exanpl’e roxi d roduces an
nex pissicetmid s datmiy R dps and ok B%*Paﬂws el ng ajpast some and
Prd@abliyed of thé MoveabiRHs. SEAMKE IR HQirdRasitompRBen MR tfize hnd SiperleBrl™
Stshee one hand, salt formation is desirable because it

Li"Ses the pH of the dye in solution nmaking it
c onpaioing [Redygi ardrommiqrsial lGvMible fkmg varipygrowreds] sych acpakin Prgfugts, Avecia

Iﬁl@\éﬁdﬁiwpbinhsr‘c&ﬁe range of 8-9, so a strongly acidic IR

C 0 rrpgoéc ;ﬂtlgﬁ) Ict)qt@%?u};{léalfll Xxﬁ:%%\%%;ﬂ? EJS g%éé %{%ngxdex%rﬁplfe describes an infrared
ppinting k@ erdprisiag @codtuant, A gehpleragd m@lve@w@tehleheophemt ihasiligon (IV) 2,3-

nQ;Lh‘rh%ro%QhBJHlJ‘LQalﬁﬁs1Pl@ﬁdeQ band caused by salt for rmti on
ess appealing as IR ink candi dates,

becal&e” %%ﬁg%ﬂ gates Beohsueer H“‘l‘i%ﬁ’éf"“l?&ﬂ’&ge%‘?“r‘aé Popaipiyanine,
cbrﬁ;\de(ediﬂﬁ}ﬁmbﬁhlhe a hekete ahihihalbqyaxme @dombleked @aphithalpcyanine, a nickel
dx[tﬁglgrlet Anqglimlﬂll Ofoﬁﬁ%uPé‘ l§ n%{ﬂglg Al g&xd%pgx%eazﬁ%es%[xa%! acn

ese con require need to
be adiewsaeneiofthese e@r alf ves r hedormudated inte ok FWO%PW fyijeble for use in

n@t@igle Uﬁllypaﬁbeflms%?dﬁﬁan biHidet, pagiferadl atdylidy dn&/bﬂirﬂoi 4 inks suffer from one
Oégxg f tge tlgﬁ p.ro%lems IH;[SH 1 oaft w‘e:i I?:Englct1 ns\{lgsr&ttzllb e or (P tegxon {)y near—IR sensors;

'S provi
pnta‘pﬁpl:hlay g@ysaqqslw@;y gyguegtﬁs sf:lmnmyptgns( pr)unaccqmébfé}gh absqmyignjinsthe visible
pgagﬁl,e)specﬂml s an axi aI I [ gand sel ected from - COH,

hal ogen, - - ei.n

an i rit Qe PB mtele%pa iopor 0 &5%%5?'2 m%*ﬁ“dfgtf% o e iiporated by
réBrOclwdBdesckikogla. Wateﬂtollah@alﬁﬁn mapithieyinine dgeafiflliog many of the desirable
pﬁdp&rtl&ﬁcﬁm ﬁe@%v@ﬁ"ﬁe @9&&9&1@ gonflﬂrlgépfcﬁy gﬁfgngceéﬁld ougs1 YKich 1mpart a high

Is selectéd fromC

demsee B wagpropplubiliy eithsy ingig pedd ?rgalgfe% Heweﬁs ¥ Ww‘fw ﬁg}lﬁt the formation
oERltsliRing riyrlexaipleGodihid hdrydidaloktyikthylamindPfodaced aﬂlneﬁgtedbﬁxetshﬁ in the Q-
same or different and are selected from Chn al kyl,

C5-12 aryYl, C5-12 arylalkyl, Cn2 al koxy, C5-12 aryI oxy

or C5-12 aryl al koxy; and
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each B is independently selected froma base, wherein

BEI. has a pa of between 4 and 9. 5

Alternatively, there is provided an aqueous

formul ation conprising an | R-apsorbing °

na ani ne.d f f r

<P %g fo¥ tg m%e%olmnabo% ?}I)So nm t&aob(og‘gl’%e m&f’ lgsg Cgl r%he%)r(lg’ %In& sll%rmauon is
cbetaele besehst it wives-tiGHH df &k dipamsolutigRygking GeoyREblpWith other CMYK inks.
T )9&: Qﬁ(s IB% mefn%eri‘a e 6£3-998 ol sfﬂ&n@@%&dlt [FOIRR Woull®podBtially cause

Cl I.kyl;: R4 d R2 .
i b gy 0f b NS e B sl ms s o
theydiseolgpad bime-siiflingl & tl&lQ(@)(d(qauR@ by st Sehation wake§ theserilyed less2ppealing as IR
@l Aﬁ)fdldateg%eclgse ﬁx%y 1lnust peiuséd%n ﬁ%ﬁél‘ &ln&}{ﬂran&{s tos‘ﬁa(/é‘ Qcé }gmﬂl&e)tectablhty by an IR

I's selected fromCl-12 al kyl, 2 ary
Sﬁ‘ﬁ?’l ﬁf"kvlgmthafrﬂ‘ appeaghefprle ®Rrsday be t he sarre or
diff el'ke{étcorﬂﬁdct&iy eqtithead @theflR dyain€sh td B addrésyed in dofer foXormulate an IR ink
aryl ., . | al 7] 12 aryl oxy or
%%gﬁ)tl éél)c(ei/ll Qﬁ%ag%%li i ae?i 0 t agé}sng a pHin the
range of 3.5 to 7. In a second aspect, there is
Revivdede mnen'h&}kj et ink conprising a dye or a
;grpg]él aSlE gag;}eatsthere 18 Ipxé)\\/n? d:{j aa:h? absorgﬁxf ealphthalocHatmnF dye otf POPPIg? w
a printhead in f|UId commruni cati on Mﬁth at Ieast one
ink reservoir, %perein said at | east one |mkrrese% oi r
conprises an i 3et i Bq*as descri bed above.
In a fourth 2 3 thereF$s provi ded amP i nk ca
for an inkjet

form containin
machi ne-r eadable coded d;
i ndi cative of an identitd§ of th
plurality of locations Qn the f,
i ncludi ng the skeps of : ecelvrng,
system and from a sen3| 0 ‘ENICG,
regar di nBHt he i de
t he sensing deviceg
devi ce, when pl a
relative to e 1
usi ng &sStedst sone_of— he coded dat a;

the comput &f systepi and\from the indicati

relavettheform ' R
in an-= opssal+ Ve ~u.|t|on

conput er systemTat | east sone ¢f) the indicating o

as it relates to the at | east one field, wherein said

vaeied data conprises an | R-absorbi ng dye as descri bed
.10l n a seventh aspect, there is provided a

qethod’qf interacting with a product jt the product

A tseperigllipang sedecisd from et dalossa Reoﬂ?@%u%go CH,CH,0)R" wherein e is an

megaamﬂﬂad@k}hee isif crgrmwoec(@og an@c;hl ne-r eadabl e coded
I%]and(al% g\aﬁ?& t] (;ﬁne or, dafl eren{J etlegp(li EO i’l d?o&eorfor e?telptsy
Rifs:selected (fraip G- e@@Wl\/Cﬁgaryl |Cra xztah@llwbnﬁml& é(ij)@y}st em and from

R?m%@?%?@QmQEMbﬁﬁgCL%QﬁG@é|ﬂ£ﬂﬁ@ﬁa regarding the
nt) of ro

[ Vi C
Rot RS au iy %Sﬁe? a&%@%&%& FIE P BTAg 1@@9%‘ 336 gt co 5o, c.
axo0 0ot aryloxgy Cshbgdaikaxatandig t he | ndi cating data usi ng
egcth }i lgﬁéetperﬁgﬁ? seq)cfctea H‘&n g 9&1@, QthéL B AU g pK, of between 4 and 9.




(b) identifying, in the conmputer system and using the
i ndicating data, an interaction relating to the
product item wherein said coded data conprises an

| R-absorbing dye according as ¢gescribed above. 20Bri ef
Eiﬁg:‘rflﬁl e%’nét?v% ottler?[]rﬁ gr\gnvxdelgl aa{lla ueouﬂ fom%aélto%)e r1§1mg an Hgiabsorbmg
naphitiptoedninedyp affermylidll): t s onl i ne page descrl ptl on;

Figure 2 is a schematic view of a interaction bet ween
a netpage pen, a Wb termnal, a netpage printer, a

net page rel aySO#l net page page server, and a netpT@ﬁ"
b

applicatio Py and a Wb server; 25F| gur e
illustrate
termnal s
net wor k;

hi gh- | evel

and 5b, in whi ch targens are,sha ed bet
tags; R! ,-- i's ]

5a and a 35fiel d)o ew of | a net page sensi

in the formof 4 Fi gut

perspective et page pén and i\t s assogi
t ag-ge Fi gure [

ded™W ew of the netpags
Figure 6; \Figure/8 is a schematic bl oclk diagry
pen controN-ee=For the Ret page(t@en shBwn in Fi\gar
and 7; 40Figure 9 is a perspective view of a
onadalt formuinrteeflwivetipage printer; Figure 10 is a section
Mgrdg&gp the length of the net page printer of Figure 9;
Figure 10a is an enlarged Jportion of Figure

Ai & ag Peliliengd eelesied oo halpgre. TRI-BXEUR |5 FACHTEONR s¥hsrsep o is an

xﬁég@xe&dﬁfmehoﬁﬁ&em ngalkylorC(O)Cl gElelWe 13 is a det ﬁl | ed
an at hs,

"4

R o Pt BrvgPa G bt el St ah b Tt uir ey o
RA isdlelddBed f6MiCu byl m@l,éhlzewplllwucedl(%(@(/)ﬁ%)f an |nk
RO AlsLibded BSm flzgmylec;&rﬁér@ SeaRLAeE view of the

structyre of "an it ure 14 is a schematic view
I‘o’th"“i’i’eR %Y%TW@"@@‘@FF“B’H‘H‘ Sgefete ?%F@Zﬂ%}’ 5123171, Cs.iz arylalkyl, Cyi
akkotye @R} drdoryioe®y. Odryldkqagn cl ass di agram

g& %Hﬁlﬁan%@hévﬁagé‘ﬁﬁﬁﬂﬁﬂﬁ%g Grvdew of the interaction

etween a f1 xed product scanner
10har@a ﬁ@qne ag9pch dhgestis @%%ﬁ@r jef ink compising ¢ Sie QY2 foanulatlon as described
apgveduct server, and a pr oduct appl i cation server;

EII‘ Iggtr g ea%d aspecfe‘ thQr% ppow%tcl mk\J/elt Snvylteg con%rxsmg a pr&lttllneaﬁ in fluid communication

with at least one ink reservoir, wherein said at least one ink reservoir comprises an inkjet ink as described

g 6

above.

In a fourth aspect, there is provided an ink cartridge for an inkjet printer, wherein said ink cartridge
comprises an inkjet ink as described above.

In a fifth aspect, there is provided a substrate having a dye as described above disposed thereon.

In a sixth aspect, there is provided a method of enabling entry of data into a computer system via a

printed form, the form containing human-readable information and machine-readable coded data, the coded
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Fi gure 18 an expl oded perspective view of the

bi-lithic printhead of Figure 17; Figure 19 is a

sectional view through one end of the bi-lithic

printhead of Figure 17, Figureg20 is a Iongitudinal °

%?a& %mil o"?atlve_l_(g f_m 1dent1 g[%\i% ar?i of !Qllil%fgf)l %c\?vp Oéls %nat to rm, the method

@ﬂ@maww@Wmﬂﬁlan V|ew opposite side eIevatlon and
rever x%&wﬂlgem th¥é k&?ﬁ&utelr SOe Qh'ﬁ‘éﬁ@éens@% advie uﬁicatlng tdwd IGgardmg the identity

t hea Fi res 2 0
({) Qﬁ)ﬂgﬁmﬁg #18 ﬁeﬁflngpqﬁYlﬁenglﬁtfvg o t% ia %n @ﬁ eBcée \dhen placed in an
@extimﬁyomt;on relative to the fcﬁn,wmeet@hsh@v@ngadatahsxegat tastrpons obthatoded data;
vi ew Qéntli%'m ' il glL @orﬂp@t!ér éy&ém a4 %Jn%e%{dfcmgg@ nglaal%t one ﬁeld of the form; and

constructed 1 n accordance with Figure 22; 24
shows™&Hegs ByhesPmRIFESHERZF Eoshiorg ﬁ&éﬁ‘ﬁﬂ?agngsfﬁ@\ﬂﬂt fegies ot at et
dnk geld,e 23; Figure 25 is a schematic

\ghr F rs.n 1? godte% Pmpr%s%\lgn}ﬁgbgﬁea%cg? cfl&ngg%gcplgr of a unit

ormn enent actuat or;
|:| gu rIa a peyenihasnest, there @fp{og@g%g&éhog Ig@gtpqagm #ith a product item, the product item
Hayidg Opeinga bdrfatPomaRhy habOeyRnkE Rejedtion SidinfatiiieGeaatildtodtd data, the coded

droxyagal L i um
A et R e BB
(e)o 1%segiving, in the computer syf¢ngapd &0 8 sepbiogdevige, indichting daggyegarding the identity

EEB&&M&I tht ?etn&@é deiStaFE R b 1dEBd E}Vﬂrogéﬁéfggﬁdsiub&melatwe to the product item,
t hal ocyani netetra quon Fi gure 29

SEHRCHRE e PV Be dioaE & e Ev A °<td&<1<}a§k?n§( DBUanmoni um

(hy dr otengfyink.iinithe cranphittradtacand niimpsbaitdiasag deova ingergtion relating to the
{q4he 30 shows a reflectance spectrum of

tetraIC|s DBUarmmoni u hydr oxygal I i um

wgfﬁmsrfsme%ﬁm CHBRTBE5 B R TP GPIAE & gFcpiiohes described sbove

p toluenesulfonlc acid (3 equival ents);

He H&gj§ & %@ng refl ectance spectrum of
hydr oxygal | i um

napht hm@ey&msmmmc Pé@f@f febfmﬁ}ép tetvfier #sapapls PeRfed ngiapes gpdits online page
Rcripat i ¢ aci d. 35Detalled Descri ption IR—Absorblnz

= dye BEBSE AcErrtl Ut 5B IOt TS S rRarhe Bup Grgpal.  nevage
phie lndtpegd rhley, @ hiaipage ed qeabt wd g oetpagesnplicafiayseryy, aaha Web server;

i nfrar ggh:s eNARErateP L Ee @B Yor delpBoel BrRRS ORI BEhiME printers and relays
absorbs .in the near infrared region, and preferably
‘Pf‘éfgon&e"?i"‘aéﬂetwf the range of 700 to 1000 nm nore

pr ef er Bibiry 4 404/ &Bentatc AOQ of a high- tmeﬂ etnpuef @rgihtyd 7&@gd and its online page
f0.pP Dyes having a 21/4"na" in this range are

particularly suitable for detection by sem conduct or

| aser stisgtiEs aglanvigh Fop S ieRRgRIGFoLEM Adheqrigly of four codewords
df &8 ei;. 80 As will be explained in nore detail

bel OW 1s a rnev§e%vns ovq?g Jcpodgpﬂygut Q(!r )the q%¥h0% irj }qgure Sa;

eqU|I| un1MA ot her oners
meso- nfigrodcnt BYn BEw hwing mmm@é 9%mﬁwr?é the fagyshaysindgures Sa and 5b,

1&&@dﬂb@&9&@§ﬁ@dm%mgﬁﬁmmmﬁﬁﬁ dye represented by formla
I(—IIO\)NEV 1gur% 1&%ﬁ%vrﬁw sgo\{rm > relétllogl% brc]a telgli aS te oqg)ﬁl Igsb SE’%‘%“ in F igure Saand a
fiel\éview ofw naipese spasiag delibeyin the @r@séfmeeﬁdgeb’yn f ormula (1).
Q her Eigid o8 E)ccr éie&véﬁgbubt{a nBtpdgh Héntaﬁﬁﬁsea%glhe(ﬂggesensﬁfg field-of-view cone;
cour se |ncIu e in the s ent
vent FghE 8 pspects Salo e G e R PR C e ¢
i nvent Figuie Hzuachefgic ad)\lladlimeﬁusperf @atalleer e netpagt iemstown in Figures 6
aﬁpﬁorptlon in the near-1R region; suitability for
ormul ation into aqueous inkjet inks; pH conpati bl e
Wit h KRR SRRISPERING VI e arlmeumsdnepege RESpt | al
near - | RgadRas PlettdA ihraapichhé Bt o tHehepae pnited b Fidrosover ,
their high extinction coefficients in the near-IR
regi on neans that the dyes appear "invisible" at a
concentration suitable for 10detection by a near-IR
detector (e.g. a netpage pen). Accordingly, the dyes
of the present invention are especially suitable for
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The present invention was initially conceived by

observing the reaction of a gallium naphthal ocyani ne
tetrasulfonic acid salt with four equivalents of am ne

to given an amoniumsalt. It was 15found, °
2;{ ?;I glglérg :1%& %%112% %Ifi]e rgloe[{(%'{%?ggu{aeﬂgc O%‘EII%Ct é%o of tﬁ%ﬁ!&éﬂ%t engmes
@@BNVEWWNM%@Hyaffected by the pK, of the annnnlum

sal t. ngrlz @Ws @lﬁetalleti RRwQr ﬁi@ﬂ]ﬂ c{rﬁ@dée}in'l'c)airﬁﬁ&glﬂe pathk,@€d print engines of the
nononer.i c ‘2?1 and is red-shifted to 800-810 urn.
g

SR PEP T ‘é‘ﬁ |y basic amines are used, the
QbandFewhilbustrsexalowgnwa@amcamdﬁer or aggregate

COMPongglre 2N I MPRONE! theSRHIRRNGA itdnSIDP| U shifted to
<800 nm G ven that the internal nmeso nitrogens of the

napht hS‘IgUE§/Aa‘ﬁ??Fécn?ai“ﬁﬁe‘%?/fé}ﬂeegm‘%‘?/‘gab?(“m\%l ues of 20
about Bigurb 15 if & schémagic Gtvoofatpe0idss dimghn§. 7 ( second

proton ﬁtgt'xrg ﬂ‘} is5a Ecﬁ&&ltlmlg St 1%%%?15{]&&(:% pﬁocﬁ&%xq atf&ed product scanner, a

t heor ese results have been interpreted In terns
hgpd-helkproft sqapipr. @ feapmsre Ay ABIRIShTETVEInaNd @ PRoAyst WRlicetion seryes
(structigire17) a p@@&tl{{é\h@fm Yi-1@hiBprintHead; WO ( struct ur e O
g];i)l i[ IhteFlguerg ?% megqgloo %ersl[jectlve Vi q?%t ht;ukg Q{TO?EI : e t er
the d e@s@e 1%ipa vpt@p@i wmvutleswgbfmetehfbof ﬁm@r y pringhead qf Figgre 17;
bel i evegut hat a mgmmgacmamfewtﬂn&lgm m&msbramfemwmgﬁe 17;

e BRI Sk SRR BB LRl e
ive ebrectiveipvd tre bi-Igloepotheadtof Figure EH- shi ft of the Q band

of thegpg@ldoaPro Qﬁéﬁﬁme baki® Lgega%xﬁgpraaplésro@mgrt}sﬁo%nd actugtor
surprising results was then found hat o]t‘e er wea

aci s BEHr & Seree e ﬁ@ewnglaw Pt »ps ag%’émnéwnmmd in
detopdahdeith Figee 22t rasul fonic acid with four equi val ents

of lith 23

char act g&%f#%ésgg%h?@%%h%%c anglﬁér:sglg ti }négref romthe

f or mat FigHe &F s plghematic wm&%ﬁewn% &ap rpugh py ink qhpopey pf 2 unit cel of a bubble
fortiignadie BleSe®icnangt i ¢ acid. It was therefore concl uded

: Eat Bt esg &e_gcsgows)a r&lestgx}%y Epechuin(o? rﬁré:oolg(}/gafh?lg P%X?x!ﬂbc?axﬁ’rhetr%fxlfomc acid 4,
cont r ofigirn thines 4 ENMR steptah dfdbdivivealfumptaphtaiopygnigetetrasulfonic acid 4 in

ahacyani ne dyes. 90 W t h pH identified
as the_ke ctor contro it fallo
sui t abl & Rzg ksg?%sr nfil 4t e8tﬁr§9 nasﬁecggn proé pare \A%’Z"hum hydroxygallium

ndplsl&b’bwmnqehasutfaphﬂhal ocyani netetrasul foni c aci d in an

i nk Veﬁ%\ﬁé eZ@ngv@dJau%lEMcet I'lﬁecmﬁh oI)f tt&%klg(ﬁﬁgélﬁﬂldﬁglm) hydroxygallium
fornul a been found that fornulations

HHeht "?@Ya%tn?Seranf?‘ﬁfer? the range of 3.5 to 7, or

opt i onBiklry 3D tsbows. B, reﬂEc@ndﬂGde’caiﬁh eoff oatralas(DB@ammgluax) hydroxygallium

&&%a%@a&%%%as@[f&%{% tﬁuenahlm e

conpat’l ust e SI n any

sui tabf‘é“f?)aéé (Sémtj # héeﬂ%th‘}cﬁlgaﬁ’@%s% df“atnﬂ%azﬂ’&)é‘%‘k hydroxygallium
msHid kR Esddtlafagthal gl va}wdiquikBinBQf @etibiier sol uti on.

It is expected that the sane phenonenon may be

simlarly used in controlling Q band absorption for a
RetadedDesaamton of sul f onat ed pht hal ocyani ne and
RaphiHalmeyani ne dyes The use of pH to fine-tune

Q band ab or.ot onh ben ex ited preyioysly.

and LA YEHh T T URR ) B L0t M ShF s ared
riptiapicniagid wijic B thet fosdmuitab e dor IdReqdyrelsv an Sifrercd fenor. Ereferpblyathe Bfabsorbing dye
ag%ﬁg 3&31 %(i)r? ?e%fog gﬁd ﬁa'sggmal:lnlth% dd Lzt %O HnEmore preferably
provi Wi he species BH+
T5tot9p@nmp rrrweatﬂfermeéﬁtq 8é91mn spyas lm@a& T 1%1thi§ ZAREa A RArtisplarly suitable for
defctiol By deRRGRu@r 1a4er$ Quch as aQa11iRR biuRARRK Ysedtdeidd@1asr. The

dyes of formula (I ) may be readily forned by the

addition of a base to the corresponding tetrasul fonic

acid. The base B may be neutral (e.g. pyridine), in

whi ch case BH+ will be 15overall| positively charged

(e.g. C6115NI14). Alternatively, the base may be

m
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3- Hydr oxypr opanoi ¢ aci d4. 51 Trimet hyl am ne oxi de4. 65
Barbituric acid4.01 Al oxanic aci d6. 64

351- Met hyl i m dazol e6. 95 Al | ant 0i n8. 96 3- But enoi c

aci d4.34 trans-Crotonic acid4.§9 3-Chl orobut anoi c o

aci d4, 05.404- Chl ar obut.an acid4. 52 But e

10 5Asl\,btll Rqse 516 aig.n §16re %mﬂﬁﬁ)g (@Bi rﬁ%/?se te%% n OI Ca %)argag%e in eéulhbnum
Bithtdghr t@xgzmlawmplcmqenﬁogtn@w the X@Pb@!lﬁ’d@ﬂn@ rigg §ygfem are protonated. Indeed,
th@([i@ Fég}eéeﬁt@d @’%MlaQﬁ mdy &Y Beq|nﬁxﬂ)m>p@§632n s E’c}(ﬁlibf—ihrﬂ edivavet, Bfconvention,

é ¥I|mdazole l\/bthl ucci ni b? lagllé
R A U D L R R Ot L e
egailicHumrthemastith yre.ad eduise, imbidell vAthB-tidiscdpk of tegrieentinvention.

g 26 QZ)%%L %E%ﬂlé&ﬁ@ gle pése%&m%nt?oq hé‘Ve ?h% M%e&rs ?e'étu@s gfzopﬁméigbsorpnon in the

ngarB regiogesuiebiity for f@fem*?ﬂ%’?nt%aqz%’uszmlﬁ inks; pH °am%a8blaW6*3h’8W©9MYK inks
withoWd sferificing@piindal deaBR absorgliort .afilfadle BlopafatiBul Moreb@er,4helk Bigh exfidction

§ ké?]ﬁn%s 11? f% rg)ea17 {R qxrxéa% tﬁ?thgay@%gg aP‘RJRﬁFs‘IB‘?J” at a concentration suitable for

oropheno i necarb Ic acld

detegsipp pyid W@d&rdm (4-& 2 aespage PONP PR dygokfhe pesRidRyGHtion are
Apeblaily sGIRBR IR isedn AdPagy B@AYPeHdbE™ applications. None of the dyes known in the prior art

has this unique combination of properties.

The present invention was initially conceived by observing the reaction of a gallium
naphthalocyanine tetrasulfonic acid salt with four equivalents of amine to given an ammonium salt. It was
found, surprisingly, that the reflectance spectra of ammonium salts are independent of the structure of the
amine, but very much affected by the pK, of the ammonium salt. At low pK, the Q-band (Ay,x) has a large
monomeric component and is red-shifted to 800-810 nm. However, when strongly basic amines are used, the
Q-band exhibits a significant dimer or aggregate component and the monomer component is blue shifted to
<800 nm. Given that the internal meso nitrogens of the naphthalocyanine ring system have pK, values of
about 11.5 (first protonation) and 6.7 (second protonation), then without wishing to be bound by theory, these
results have been interpreted in terms of the ability of the ammonium ion to protonate zero (structure A), one
(structure B) or two (structure C) of the meso nitrogens. The greater the protonating ability of the ammonium
ion (lower pKa), the greater the degree of protonation of the macrocycle. It is believed that protonation of the
macrocycle reduces n—n stacking between adjacent molecules by electrostatic repulsion. With less

aggregation and a greater monomer component, a red-shift of the Q-band of the salt is observed.

5® ©038 0 00 O oos— )
sH® BH® B: Q BH®

\ SO0 303@ @N/ 50,0
M N OH\
s e
”Q« e ~-—ea~ CO OODCC
=
N
S0;© $0:0 80,0 N X N~

BH® BH® an® O .
O s0:0 ' 50,0 Q )5950
BH

B = base e.g. amine BH

A B o

Following on from these surprising results, it was then found that other weak acids could effect the
same phenomena. For example, treating the tetrasulfonic acid with four equivalents of lithium or sodium
acetate (B = AcO’) gave characteristic red-shifted spectra resulting from the formation of the lithium or
sodium salt and four equivalents of acetic acid. It was therefore concluded that the pH of the solution
(controlled by the pK, of the BH' species) is the most important factor in controlling the red-shifted

behaviour of certain naphthalocyanine dyes.
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4- Fl uoroani line Aniline 2-Methyl pyridine
3- Met hyl pyri di ne 4- Met hyl pyri di ne Met hoxypyri di ne
4, 6- Di net hyl pyri m di nam ne 3-Methylglutaric acid

Adi pam ¢ acid Fbxanoic acid 4 b%thylpentanoic acid °
Benzi wtﬁj al-zl aJe tlle g as actor coﬁtrol 'A‘Xax? lltrfoﬁ(OX/b%l sulta%leaI%I 191( formulations
Gallic 3! AZzo € “ac

Bayde @reme«tdiw Idpgotvm|ama@th51¢cy2mﬁbte@awétnhyhxpyr@dikwelﬁcl«9@d adjusting the pH of
e @s@n@?&ﬂlhmrﬂt fs ﬁ)@& fGlQld %a@fo&mgﬂﬁlla@ﬁ/gr d Wﬁﬁn §15 radge of 3.5 to 7, or

ri di neé

oLptuEiaH%/f B}?TSP %%/ ?Félsabgéorﬁf%tnﬁﬁ regﬁgﬁ?dn(i LfP é &'iu e amtalmng CMYK compatibility.
The IVthhy bamljustedn@ihg 4dy shihiie Vst kyd. tha cdnjug@dba¥e of the weak acids described below)
ggg&hkgeS 08 o- Ani si di ne4. 52 m Ani si di ne4. 23
-An|3| ne5. 34 154- Met hyl t hi oani | i ne4. 35
c,y cl ofhisgEnseedthas s e ehorenenan ey tesaplpringsdin safreflinggyband absorption for
2widat sk beharbnaied gl Hinth® and naphthalocyanine dyes. The use of pH to fine-tune Q-band

absorption has not been exploited previously and represents a convenient, low cost approach to producing
red-shifted IR dyes. Specific examples of dyes and formulations exploiting this phenomenon are provided
below in the Examples.

The species BH' in the present invention is a weak acid having a pK, in the range of 4 to 9, or
optionally 4.5 to 8. The dyes of formula (I) may be readily formed by the addition of a base to the
corresponding tetrasulfonic acid. The base B may be neutral (e.g. pyridine), in which case BH" will be
overall positively charged (e.g. CéHsNH"). Alternatively, the base may be anionic (e.g. acetate anion) in
which case BH" will be overall neutral (e.g. AcOH). In the case of any or all of BH" being neutral, the overall
neutrality of the naphthalocyanine salt is maintained by a suitable number of metal counterions (e.g. Li*, Na*
erc).

The skilled person will be well aware of a wide variety of weak acids, which fulfil the criteria of the
present invention. Some examples of common acids having a pK, in the range of 4 to 9 are provided below.
In accordance with convention, the pK, of some acids are referred to by their corresponding conjugate base.

For example, the pK, of pyridine refers to the pK, of the corresponding pyridinium ion.

Acetic acid 4.76
Ethyleneimine 8.01
1H-Imidazole 6.95
2-Thiazolamine 5.36
Acrylic acid 4.25
Melamine 5.00
Propanoic acid 4.86
3-Hydroxypropanoic acid 4.51
Trimethylamine oxide 4.65
Barbituric acid 4.01
Alloxanic acid 6.64
1-Methylimidazole 6.95
Allantoin 8.96
3-Butenoic acid 4.34
trans-Crotonic acid 4.69
3-Chlorobutanoic acid 4.05
4-Chlorobutanoic acid 4.52

Butanoic acid 4.83
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Phenyl aceti c aci d4. 28 202- ( Met hyl am no) benzoi c
aci d5. 34 3-(Met hyl am no) benzoi ¢ aci d5. 10
4- ( Met hyl ami no) benzoi ¢ aci d5. 04
N, N- Di et hyl ani | i ne5. 15 N- Et hyjhani | i ne5. 12

6- Trinet hyl pyri di ner, 43 o- Pheneti di ne4. 43
2@%??’%‘3’??"6&"‘%4. 18 p- Phene4t'8|8di ne5. 20 Veronal 7. 43
330drrdmtioicd aci d4. 52 Ock™noi ¢ aci d4. 89

Ok @hasdidam ¢ aci d4. 23 Chl or oci nnami ¢ aci d4. 29

- (;g.or oci nnam ¢ aci d4. 4]%335| soqui nol i ne5. 42
]\%}jﬁ’ i ne4. 90 7-1soqui nolTHol 5. 68

Pyridigoqui nol i nam ne7. 59 3-5Q% nol i nam ne4. 91
A0LEiRARRRC nnam ¢ aci d4. 44 - Et hyl benzi mi da7ol e6. 18 12
Mesitylenic acid4.32 N Al I%I ani |l i ne4. 17

Zphvedpsieaiicde7. 33 Nonani &%Eci d4. 96
2.,4-Dimethylimidazole 8.36
Methylsuccinic acid 4.13
Histamine 6.04 ;9.75
2-Methylbutanoic acid 4.80
3-Methylbutanoic acid 4.77
Pentanoic acid 4.84
Trimethylacetic acid 5.03
2,3-Dichlorophenol 7.44
3,6-Dinitrophenol 5.15
Pteridine 4.05
2-Chlorophenol 8.49
3-Chlorophenol 8.85
3-Pyridinecarboxylic acid 4.85
4-Pyridinecarboxylic acid 496
2-Nitrophenol 7.17
3-Nitrophenol 8.28
4-Nitrophenol 7.15
4-Chloroaniline 4.15
4-Fluoroaniline 4.65
Aniline 4.63
2-Methylpyridine 597
3-Methylpyridine 5.68
4-Methylpyridine 6.02
Methoxypyridine 6.47
4,6-Dimethylpyrimidinamine 4.82
3-Methylglutaric acid 4.24
Adiparnic acid 4.63
Hexanoic acid 4.85
4-Methylpentanoic acid 4.84
Benzimidazole 5.53
Benzoic acid 4.19
3,5-Dihydroxybenzoic acid 4.04
Gallic acid 4.41

3-Aminobenzoic acid 478
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52- Met hyl qui nol i ne5. 83 4- Met hyl qui nol i ne5. 67
5- Met hyl qui nol i ne5. 20 6- Met hoxyqui nol i ne5. 03
o- Met hyl ci nnam ¢ aci d4.50 10m Met hyl ci nnam ¢ aci d4. 44
p- Met hyl ci nnam ¢ aci d4. 56 4- Phgnyl but anoi ¢ aci d4. 76

et hyl ani | i ne6. 61 Pey im di ne6. 35 152- Napht hoi c
%%ﬁ%%h%?y%ﬁeocar pi ne6. 87 %btlno Phenant hr ol i ne4. 84
24-Bawthylpyidinedi ne5. 13 Acri @9%he5. 58 20Phenant hri di ne5. 58
MpphinpgRidad Codei ne8. 21 Papaverine6. 40 Strychni ne8. 26

rucl neg8. 28 It wlJ, of course, be
é‘g ’r“ggﬁylg’%i&’et hat the pr e\;\%e%slt invention is not limted
34Dinfsthgleyralgeds | i st ed abo¥4 and the skilled person

M bimci§ipyRadi |y able to sg{gct other acids (or
conj ugaf)e bases) having a pKa in the range of 4 to 9,

5 fighally 5 to 8. 30(33%)% onally, each B is

N-haeplesiitent | y sel ected fro8m the group consisting of a

%}M&Bﬁ&ﬂﬁebase and an oxyapion. Accordingly, each B may
e a nitrogen base. Alternatively, each B may be an

wRpdeglincbase. Alternati vely, there may be a mixture

pieyldniimgen and oxyani on fe@ses in one dye salt. For
exanpl e, the four BH+ nol gcul es may consi st of two

0= Sk me] . . . . . . .

nol'ecul es of acetic acid and two pyridiniumions, or

Anisidmat i vel y one nol ecul423of acetic and three

p-Migdgol i umions. The skijised person will be readily

‘@}qlﬂﬁxl'ﬁio concei ve of a 35variety of mxed dye salts

AP HCOTHE® anbi t of the pr&sent invention. By

Cyaloberogerbokdisecid it is neat?0 a base containing at | east

®B6ndN &igogen atom whi ch gan be protonat ed.

2ﬁti onally, the nitrogen base is a C5_12 heteroaryl
Pefylbeazimiezge i i dazol e H!%yridine. Tmidazole is a

Rpatytaceticihet | y preferred bas® in the present invention.

B/ 1 Lop' 1t. 1S neant base contai ning at | east

2§)rg§mgggy4§§%§%?c ;\;ﬁiﬁii ch can bséﬁpr ot onat ed. 400ptionally,

S Yethgrpapbaripkile i s a carfoxyl ate base. A carboxyl ate

@RayhSindBerdsigani ¢ nol ecu.e conprising at

N,N-Dimethylaniline 5.15
N-Ethylaniline 5.12
2,4,6-Trimethylpyridine 7.43
o-Phenetidine 443
m-Phenetidine 4.18
p-Phenetidine 5.20
Veronal 7.43
Octanedioic acid 4.52
Octanoic acid 4.89
o-Chlorocinnamic acid 4.23
m-Chlorocinnamic acid 4.29
p-Chlorocinnamic acid 4.41
Isoquinoline 542
Quinoline 4.90
7-Isoquinolinol 5.68
1-Isoquinolinamine 7.59
3-Quinolinamine 491
trans-Cinnamic acid 4.44

2-Ethylbenzimidazole 6.18
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| east one carboxylate (CO2-) noiety. Optionally, the
carboxyl ate base is of formula R5C(0)0-, wherein R5 is
13 selected fromCl 12 alkyl, C5 ,2 aryl or C5_12

aryl al kyl . Exanpl es of carboxyhate bases incl ude °
cetate,. benzoate etc. The groups represented
@V%ﬁﬁg’cﬁ% R2 may be used F8r nodifying or "tuning" the

Nvalhdindingt h of of the dye.4¥l ectron-donating
BHRStAGddent s (e. g. al koxyjszat the ortho positions can
roduce a red-shift in the 5dye. In one preferred
diffent of the present™nvention, Rl and R2 are
Pdethyl@@molidek oxy groups, pref3erably butoxy. Butoxy
SHBshIieRt s advant ageousd gy shift the 21/4"2 towards
Iogger.wavel engths in the near infrared, which are
PMebdpisline for detection commercially avail abl e
d-™akdxgquinbtineanot her prefers@d enbodi mrent RI and R2 are
. h , Which provjges an expeditious synthesis
°g‘9£‘{p’ﬁ°é‘¥‘?‘é§8?q§i te napht haldésccé)yani nes. The central netal
rerMsthyINnteade aiden found, sukffrisingly, to have a very
PMemIdinng@dbeid Npact on thetsk0l i ght stability of the

unds of the present jpvention. Previously, it was
%@fn%e\?gﬁo“i%gt the nature 40 t he organic
MY phdthyiehidivy ani ne chr onophfotle was primarily responsible
HeRhidlbe rate at which sucdssconpounds degrade. However,
it ht?s now been found thaz{J certain netal
TRBRPHSIBCy ani nes show untual I'y high light stability
Rilosyppéreed t o ot her netal s.6.8pecifically, galliumand
CRMSLRaRAt hal ocyani nes fxave been shown to exhibit
very good light stability, nmaking these conpounds
MBHRIRYTdRR t abl e for net paye and Hyper !l abeirm
Achaippl i cations in which tf8 IR dye may be exposed to
l%gr{a;.ltﬁl%illei ghting or sunligh for a year or nore.

'Tum conpounds are particularly preferred since
Nephiee have a nore red-shi%tled 2t.", ax conpared to
cRgarer. A nore red-shifteghiA. ." is preferred, because
Pca:loalwgl)rr ed cyan dyes are | es(}s OI ikely to interfere with
fPRYTR dye' s response to The netpage pen.
Shyghipal |y Al is a hydroxy§26group (-OH). Alternatively,
ity be sel ected or nodifsied to i npart 20specific
properties onto the dye nolecule. Al nmay be sel ected
to adlg wiﬂxolf zc:llurs%.tb%r ;Lp(r:ecgéécll Eattthoe tregee 1%%% tio%ql r%?l‘llxjm‘t%ed tottt;'%g ?cti‘@é listed above
reduct g Cotaci af it er act | SheTbet ween adj acent dye
anmbihe ekille@ person will be rq@pityi abla & selpot othpracidsprgionipgatgprgs) hiifig PK. in the range
JRh BSEHoptiARRBiiss.a conformation (or is configured) such

: Egt élgptéiorfe?.h{', g% IP\é/se 1|n éll%gﬁ%?:&%:t?%%%thg lgmgli?plé Sns?sgrlx t(%f ](% ?ﬁ%gggxg Ease and an
okynnion.edct@dinghy each By be a gtyagtrelseaAlteryat vhlic eacke B fray begin oxyanion base.

Al@ln%v@l?tdlé?&ﬁayh)@;i Weklle &‘iﬂu%&%%d &)}ﬁndﬁ@bs@sqh' Ln?eiiyé salt. For example, the four
}f}%rtl cularly suitable for 25use in the

. . resent .
\molreyles anay consist of fwo mqleculys gfageticpid @W] t‘é"é@g’ﬂvmfnﬁ‘é’s’ﬁf aegvely one
hdl¢@a bacdic tifdatred iidabotiat loh) Ghehitifle@ripowill ds readily biietoppriceve of a
a&é &%ﬁ}gg 9358 sAls iR ahBi fmggm@est fllhtion N the visible
Fregion o ndeed

T the spectrum d, the vast majoritz‘ of
| Rab Sy bitragsn base itip mersLmiiss RIFBNAS FHiFatt AR DETORatog) thigh qan be
pRitEHakd. ObtihI8SHhe fﬂfroé@ﬁ Buddis h 0L ShehoalBl Bued( suchastiialok flyridine. Imidazole

state. This visible absorption is clearly undesirable
5 ?Pa“1°w%r%ysﬁf%‘f“§d§ Sﬁ“i‘%hﬁr?rse?ené‘g‘b““é%‘i“al ly IR inks for use in
net payéoxrn@Qiyjpasahtalbeie Tatainies ablegst one oxyanion, whigieen be protonated.

({ﬂﬁiBﬂaﬁ{F) khe B&BRMOL lfagagmaaol%gymg%asdn gcm?ﬁm 'bzlaosi: RS ?_%ﬁﬁc&ndlé’éﬁl& comprising at
€ presence . VIL.SI e nas 1.n e abso | 5 . . 05,
o S (B RP h DS UM SR RR 00, mhrin

particularly |IR-absorbing netal-1igand conpl exes, is
at least in part due to cofacial interactions between
adj acent nol ecul es. Typi cal |y,

| R-absor bi ng conpounds conprise a it-system which
forms a substantially planar noiety 35in at |east part
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conmpounds. This visible absorption is understood to be

due to broadening of IR absorption bands when

it-systenms stack on top of each other and it-orbitals

i nteract, producing small chaqges in their respective °
sglgc redgﬁ%fnla 124 alklyr Cs?l%r/\gr}q?)r: ES] hg%lﬁk I;EBar%t Ssgf cgltb y?ateg%snegmclklcie acetate,
teppotmigé-t y of absorption in the IR reglon secondly,

the IR.aRsR rréiBI'e'séﬁféd bﬁﬂdm& ﬁﬂﬁ’a% bb ed A Jnoau%g ot “Rin¥ 8 dvBlength of Aypex

regi on, producing col oured conpounds.
Eth fiWeFIﬁﬁsrP'é donptfpg S‘I‘béﬁ‘t&‘Fﬂis Kecﬁq al{svy)cabihsal?h@am& OFEPR Profyes gy hift in the
a3t Cn on¢ p@fetréd chibodinéne st pradeasinGatant B abdRYurd tothty@alkdy grclups, preferably

bugo ?utg‘)pydsubsF tﬁen?s aH}tlaIn%Eeo%sm%Y [ N lco(vtarﬁ§c' lmggep @av%l éHlS %{ﬂ\l/eenﬁ%r infrared,
wlmh@@wre&,abkéordptsqnerpw ovh@erﬁldtmatlﬁa@hla%?fs T@%@C@*ﬁdﬁelferred embodiment R' and
28 axl%tbt@tﬁ kRkbeed, | Mﬁ@l{ﬂﬁ'ﬁﬁdets Lﬁxﬁéﬂﬁlﬁush?dﬂieﬁgof&lﬂé@&ﬂk&kﬂa&thalocyamnes

sol ut )], on cnaracter S be i nten

col o Lﬁhé &“Efg s %’ﬁ‘ ?“rﬁ’%’g SB'B‘FSé“gHa‘B 8Fve Ay S‘F%%‘;ﬁ’i‘t impact on the
lightrstabifiiy lof the¢ colmBouayseof ﬂ@shsmd inpentendirgvionsiy it sjappelicvaf et tielneture of the

l%lny %ﬁthh@c?anﬁx\é @lﬁ'%&;h&g why n}%&‘ly ?egpohsmlé)foI thcera@ @pﬁﬁch such compounds
ndriners, for exa are _useful faor exertin

e rHAHeR T PRI A G B elgrae e g gl bieh ligh
sabililcangba b aleaietss. Spadifiballaaliah yiedpper @biahalvsyaninig\henedien shown to

ekﬁllee%J L%opcﬁ ﬁps&{)ﬁﬁfl rlﬁgnkgxg %&%E}Mcﬁlﬁs %l%ih\} gm%xlh@%or %Jgﬂli ﬁ%\érlabelTM

ere su I CI ént
aeldr%t@vsav wirigh thg IR; dye wavzhecrroped tagttficy &F‘é@éﬁtS“W@ f?ﬁaweae bf regge- Gallium

cWh]LcJun(Q Bre phHtiduBBl BrefeRbd s thét EdvOPmdrk SdalRhiReddN) S Oriiatc@ B copper A more

Al ternative dition be se
’fdoSh’zﬁ‘G‘H “Mﬁlffff&‘?edfﬁ?ﬁ?f*ﬁﬁﬂf“ie‘? i Vei% ‘Fﬁiﬂk“d&‘y ngieEd &e?%dye s response
to efie@Agepen.t S wat er-di spersibility. General ly,

[ nven on are s Vi a casca cou
spesifie propesties grjte hadismelsetia Pemey be pylected roadd pdad sterig) btﬂﬁéqfaﬁdye molecule,
tﬁerbeyreai&mg ad sl iﬂ%raﬂidﬁ@l&fv&én ddyaodm dyb Bloléﬁﬂds espondi ng

_]llh chd;)gl%ngléyégll n)gflisl zlgalélcg ? T v I’}eese bcg)ts a conf rmat1 %%gr(ls gor%cg such that it
effertively ‘peteetd” dyplode e atface efrﬂ;ml Cbzt mnlgculeoAn mal haayd, phigle e dorinpn “umbrella”
otlgﬁqf @ttg?s%erﬁpa%d % %ﬁa@hteral:ttonm%egrpéﬁlliake?x?&yle %le&ﬁes is partlcularly suitable for
or med sence of tenplating netal, the
“ﬁé?ﬁ?PﬁﬁV”%@mPéadlly inserted into the resultant

met alitHa¢ @en reeughilalbe Gy prddeienvetbld heqRI@BEbrbEY ha}maf,dum oatn@lpnor art

ag'sorb %Eeflst starlne? er)](teF f 1%%1%%gslbg¥?ﬁx§c}aagtq%g?cuemolg&gﬁ the vast Iﬁl“%f)}l gfr IR-

the '3-}119 %Il gcﬁXgi xgggsr%?gﬁ%%gfvag AP ea§ &%el@gtf[%%?ﬁgdl ed to impart

s are ow int
aQSSfPh% dyeesoppoundsdneymdr thy In‘for hrsarg|black ohgseemiopbrewn hues of Plagkdn the solid state.

TRRRRWR LB Bt G iOURRy GRS ih RigvigaeraRr alkk, ¥spedialls M BRNfoAREin netpage or
drocar byl groups thus i ncl ude al kyl ,

dro
IQ%?% Sﬁﬁggalkynyl groups (in both strai ght and
br an dﬁedﬁmhabqqn fecngniged, by tha plesatyimienters grishgases¢riceef] visthierbgnds in the

a&gllp}{@ny ?écgﬂ)fﬁﬂ labsglliﬂ?iFl By% cgﬂﬁotﬂnd@%n@ba?%ﬁllax@}oﬁtaﬁéor@&qnetal—ligand complexes, is
a aman a roups, d conbi nati ons of the

at astég e to §gf&cﬁeﬂ g%/eraa querb 5, nqcixy Flolecules
al ky |Tp§l&ayl§,ykla&aﬂbln§ ydmpoﬁﬂdk EytipAade s I, syddnk@liyH faring la ,substantlally planar moiety

ixge{} %%%ga\{tl ogf}%#f)lg?%eyn%?ehgy Ilfaglgaﬁe n d c%?/p Inaor %{g?ﬁ lm? ard ace]nt molecules to
stack od itqpaf@att otlpt Gul pfactadr-in@sAotinneg |kmcgvntam{1hexclnm H\mb élmabsorbmg

SIX é)% I aalg flatlgag?eg n(aydtg?rﬁlrép:‘t\g\%eg‘leravza coBatial nf mteractlog]%gal%m%relatwely weakly
boumd Bimaxs; telpq:regc V¥ithow avishipeltode hqug«g,lpy téqogfu)‘g is ntgiy:rsb)ed by the present inventors
B3P QA& IRM G iR HBbuRY% OHAGURE si %Pﬂ EnthFRJ 84 pr6dhction of visibl

sel ected. f from-0-; N%u ) -S-; e Oc Pgnt)d15015r-CE(1§mO visible

a S@PW in eué% egectra w}gtljzwould nsmrwxse S@W the GO 8nd|mé monomeric
is a group selected fromH, Cl.12 alkyl, C6-12arY1l or
C6_12arylallcyl. Unless specifically stated ot herw se,

where the hydrocarbyl group contains one or nore

noi eties, up up to four -C=C- noieties may optionally

be replaced by -C=N-. Hence, the term "hyclrocarbyl"
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is used herein to refer to an aromatic group, such as

phenyl, naphthyl or triptycenyl. C6-12 aryl, for

exanpl e, refers to an aromati gggroup having from®6 to °

c%é?ci:y?cgr?gps vxs@grrgs(gﬂ)?ié(rglls ur%ngtg?datg %/ & ?}\%/ata a&em?xg gfﬁR al:-)lélgr%ugn%ands when 7i-
ssbdirts ©adk@A ebip B feat totlichand ravrttiela inerct, ﬁb(ylbmgmu phangiag g)dhqlrlggsp]ecnve energy

levbls roademnéﬁf I%fagsrog;)ggneba]:lcg 1seu.r1¥431ra{bm t'wg lrets;Leth Iﬁ?&ly Lild'@(ﬁxces the intensity of

ropri at term "het er oar
abs@f;@pxsm fhg IRyssgian; Wcorg@l}-yotg?)IR W?Q?n@n 13?.nd tznds tp t@j} intg the éﬁsﬁéﬁeglon producing
h&&@%&mﬁ&ﬁmmﬁﬁhﬁced by a heteroatom sel ect ed fron1N 0
8{ 0 ﬁd’grtEI%é%E ) fog%?tﬁlggt col%gg%z%m%r_f y ete cr \9{9 'E—on ré %rg (Ell)ﬁls occurs both in the
solidi srel anchl‘;t lsqlutios dpweveo litiistarticylay @@b]pxn}d the qogd)qtqqq;j thqrcntyqsre are no solvent

nfoﬂecﬁ!:é% di rt?p(t) hre] goanMJo? i]f R RHAY Jt tTaJkFH o‘ﬁQ&&&Y iR' dypélﬂé%ﬁ)é éé!:eptable solution

azo oxazo , 1 soxazol «
cb@nc@ggjjcg,may SP%WZ‘@PIZ) fﬂyqured mlﬁ@wlgf wad ontﬁ)piigefn’rgq 1ﬂ«3§} invisible” IR dye
sgdupﬁ&haﬁh lﬁx)yiélble w%&lm{e@&,we:ayﬂas evﬁbbgdteﬂlot ‘lslacm linto thymipdti az ol yl,
tria adl azo | adl.azo : ;
20py ?LS) f#—‘&ieﬁy%gr exan epﬁe2 8% i}érelfu%%a exr%rtlrxg m%(erﬁuzmo éﬁc re éo(l%lgn since they have a
mehrymi grlamchggﬂ chanpys;up}daa g(gjymeng glmmrﬂowy‘{er, ettv\@ll be‘pn]é'eqwéqdrﬁom the above that

an?ﬁ&@tg/ &GL ﬁlglecan mQIferg Qi RSl Wil cSfadif) nOt Mdlabiiths Sa@htRs dye
corresp ond| he nonoval ent heteroaryl groups

n
epdes e "B%EF sa-bagl&éor mEHizZg Vishle AP het er oar yi
i mpl i Adefohtivelly € Ilrwdeemnm e’ enpirsylbadeq addifiethe haduphidipityi tathe dye molecule

nl@ggmggggéﬁggﬁ stated ot herwi se, aryl, arylene,
h et’eroaryl ene roug; may be optional

subs tGemeefdhwaPI‘rﬁhaPcyazme es ageqifinggo te PietR! IRYGHOP piE a%‘ﬁﬁzed viaa
Aesked éobﬁﬁig bebv3- d%éﬁbﬁbﬁalérﬁf(ﬁ hRREMes) akhdiBltkBeyt iy also be prepared from the
$t|onal su_ﬁ&m££&ggag?ﬁups (e.g. in connection wth
BYSRRYLRE ST E YRR groups or heteroaryl
groups), the optlonal substltuent(s) are independently NH
sel ected fromClL.8 alkyl, G _g al koxy, (OCHQCHQ)dO e
(wherei n_#d ] Rd ,
C1, 2 al

~p al kyl), cyano,
-Na', nitro, ph
el _-0S02r, -S020r
- CONWY KK NE 30wher ei n
i ndependent |y sel ect ed from hydrogen, Ci1, 12 kyI
phenyl or pheﬁQ} Cl1.8 al kyl (e.g. benzyl). re, for NH,
exanpl e, a group contains nore than one substituent,
di f f eiheprscadedibeteicatelipnd maceosyrlibpsioremayibe fasilied by mejpl tymplating, or it may

pdcEddBthe z{'_B%ceQ% @Hipthlel,f m@cr&b@ﬁ’s@ﬁdﬂ)ﬂ peﬁ&rﬁiblcpin ﬂﬁ)(bsb@e of a templating metal, then

ag?egz%!d;alﬁfﬂeea IM—@C‘“"?F{&O tﬁ%ﬁc% ta.r§ Pl&?];-'heee nzg;thalogam 1eN§1|1bsdﬁu?nps(1¥‘on tion and salt
forehigan ptooeed bkypdndagyd progedurésnFuothdr yngheticadegiist aregmeyided behevhia e Examples.

f or Mg, Lhe« @é@éa}@!f lsq{s&qgrew reﬁleto kO RIEN %'o@gg céMsiEt'ng %enex%lly of carbon
or 3 heteroatons sel ected from.0O

89 bidfresratfyieady geupsde rrbidredel dke gy ghogs i i and
badacte® Ehainrfcbrmk)ecabecydm: grdupsvieBding fohyeydoikphgtampdeydh'as bisygpdtyt and
aeraen%aIel ﬁ“dt o%r‘;yps add 9 atn)ﬂyéf 39 8} orﬂ ts%gﬂlﬁr@ycloalkyl alkylpolycycloalkyl,

or do e or trip I nt'errupti ons
alNlaryb alk%wk@h ylkynylapvh e&oaléfﬂ@‘f’saﬁ%yldml@éﬂwyl FRYAL ﬁ’&ﬂéf& the ferm
“h{lirérarbRen@Otefets id @fhﬂiﬁ@rdu@s Jb&es@&ﬁﬁa@ toltChncasvaknt hydlﬂ)ctaﬂiy] gddups described
gn the definition of "al kyl" above. The term "al kyl "
?'So incl udes hal ogenoal kyl groups. A Cl_12 al kyl
g r oupU nhmyspectfmllysteaﬁpthewxstl aw © fon -GaF-ondgotrdHengietiesan @Wdf ocarbyl

SRR RN ERBLS OB BR BI 5 -c

Where reference i s nade to, for exanple, C1_12 al kyl,
it is meant the al kyl group may contai n any nunber of
carbon atons between 1 and 12. Unless specifically
stated otherw se, any reference to "al kyl" 5means
Cl.12 alkyl, preferably C1_6 alkyl. The term "al kyl "
al so includes cycloallcyl groups. As used herein, the
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10heteroatom interrupti ons. Exanples of cycl oal kyl

groups include cycl opentyl, cycl ohexyl, cycl ohexenyl,
cyclohexyInEthyI and adamantyl groups. The term

"arylal kyl" refers to groups sych as benzyl, °

T T KT W

dh@@knmuhnshb@ﬂﬂhé brom ne and i odi ne. Usually,
h O\Nev@r[l ess !}J@Jliﬁgl tal e@ ﬁ&%ﬂs% th@x@ lthg H{cﬂﬁargﬁ giohﬂ&ﬁt!alg?one or more —C=C—

substituents. I5Were reference 1s
Beitsiss bR 9N ~CEmpIoicgpsiggy optionally be @place%\bbs&réln Hea@nﬂle term “hydrocarbyl”

£TRIUIS hbitiesuby AMeRBArl 1 @hef) Elﬁ)délﬂlera cartdxy hbrﬁﬁ)‘kirlt dﬁl&)ﬁ} arfm)ne thiol, amide,
i ncluding salts thereo
“%ngﬁ%ﬁfﬁgﬁgﬁfﬁgﬁﬁﬁg?@?ﬁﬁ&ﬁ °pbol ymreric chain" etc.),
t he sUrist iptaifenlly stared qligwise, die hpdrgeabpresius mayeaenprise gy t0<f<rur substituents
génhal by ¥1e0Ed &J&ﬁhag;g&uaa&oﬁe& f Ihﬁﬁlophf@ bro 628 Es abod (8. SO,

stituent _co ngw% g an aci d group ncluding salts
TSHeIF e6P)Ne, T - pEIMSS e ?rmoamef(wy as ds'gy@ka boyhe ﬁé RRlypericggroup
ddrieed ﬁaiﬁpbwett}g@ﬁdrglfvcbmm lto 6 Hence, in this context,

the t'Fhr m su L Lsteﬁgehem torgel?' rto an om%tg; gfrocl)lrg sggﬁ%%@ %ﬁ naphthyl or triptycenyl.

al kyl grou as a speci
GdoaAess dor exampleyiiefels tpe aromaté glrcylp hppe éreinémab? Ctnh%tt atqrifeexglydingany

sORtitddérs. Bfe tdri @arPletlRS toF $odBe) tefdrSto ARAlerE frops &lrreip@ndirl@&o the monovalent aryl

BB BEL DA AP 08D LIS, BB By
have Theterdy életqrognyki eqferstp ex @p-goes.ovherp {5 Sor 4darenatams agghyeptpced by a

HeRITROM BES T BYm &X0 S1 5. ERanleS bERISAVRE h@te,foa&ﬁﬁm) FR@in@hde pyridyl,
possi bl e st ereoi soners and_m xt ufes

Rl B e it PRl st B Bl st oy,
th:ﬁphbmyﬂ;aﬁmmh,smazmgl nddangyly ey, GsoxmzolflpyRgoldti®xgdzolonyl, piperazinyl,

?J‘u%x% eriMH}q e ?%ﬁ)h&ﬁ?’ﬁ 1§>)1(ﬂia§&yllbtflazglyp U)[mg{ol}@ fthladlazolyl pyridyl,

eg| r|c HEOSSI e regi ol SOmers
P K O T 0 ] P Pyidesy, coumaripod i Tgterm
“ﬁét@bzﬁi)ﬂtﬂl@’e oﬂ:ﬁurda@téﬁfs to dituBent @dhﬁﬁ co&espérﬂ[ng foahk monovalen{Hate®SILroups

d%scnbed E?oa'e %n?mg’erencei 9he\mdaP/[lTe mtl){ %éludesel%féorlrgﬂr?e Wgegéjqu:%énate

one
speci lfnl%seapmﬂcel@éated pthirgise agyl poflerroleternaryBee Beigparyleng gtqyps may be

obﬁdﬁhlﬂ&u&mluﬂe([mﬁ}ﬁi 1] an4 SH‘S dr e s@fuiends Bds@iﬁedl{elowa L

g? r 8 ;??egetjr%afs%lge is e tg gptlo aglﬁﬁl?)rstéuétade gé?upsr %n & nu% (?oggeré:éo%l vsl;}t(ﬁ btidged cyclic
entups rol drep hestroand droars), the optisel mistiavestshare tidepbrlmshy sclected from Cq
I 89S ko, (%bﬁEszgék" (Wreife X Glah! megé; 16 1Ho04nd R¥ RELB  galicyl or

|nteger or st eg fet Inks T resent |nvent|on )
GPXos Heybraveneshatgeen; m?cebydr%w thipl; %r% Ry nitrp,tpenyly Rhepaxy, ~CO:R,
Jc(tK)RP So@oRLRy,RPASKRSIR Dé@zék LNKC(O%tﬁOT\{R&?eitONWR‘GLSOZNR"RV

conpositions are wel Qwn 1N the | i

hgre’&&j PiidiRo fre {EeRRREFRP Selsfify S Ydf‘&sﬁ& palkylp ‘aﬁyﬁqr\p egyla}ﬂ sdlkyl (e.g.
bitglh Vésrechr cahplen gnsup dontaios w@s tharsee sibsinent differang@bitigients can have

RGPk Sron 4?&% et i s&hﬁf}l g&@pm %ps%gsme@%ﬁ throWltsdiclrs:

agents, surfactant Co-sol vents are
%&Nﬁ%@ﬁ@%NﬁaP@FméoNﬂble organi ¢ sol vents. Suitable

wat errhg Ql‘nU‘mk?/l QN SRANEGin SO MED taﬁyl' gfbﬁ;bslﬁd&ﬂglrglglﬂ ladchtranched forms, The
Suc

cohal s,
E(Pr AR 81|ay bedxrx]t&rmgteé Fvglbgg (S)f }’ heéelr%?goglrs seZetctﬁ%g 8 nl\cf)ox’ S. The alkyl group may also
be tabeyrhmerievifyl 1y 23 dpwbitrondorile wrdreHowesr iy e algylyusmlly refers to alkyl
E&%&lk@/xlo h@tgllaﬁgm m%‘rhﬁdogsrb@ d(gllbﬁé %pt!n 180438 l1:}1l|fgi'1¥}!>tlo§st mgre “alkenyl” groups are
| ene nmononet hyl et her "acet at e, hﬁ% % callcol” ab
S@chﬁ&%liy "‘ﬁﬁﬁb‘i‘?e‘l“ﬁ {pmoftpndpd o a? wpiRprd a g tglss ?‘W? alleyl” above.
5et hde teth ‘@tkily hmhﬁclgieyhawgemﬂm gioePr o0y} allot b‘@[p may for example, have up
t(g% %.l’ ?QledtﬂgJS ¥eglgjzed Wﬁ]a%g DA s(e)l?X !exaﬁ%llg e grcglb —(t.) lkyl specifically

nono- |sopropy et yl ene gl yco
nono- n- butyl ether, diethylene glycol nono-n- butyl
ether, triethylene glycol nono-n-butyl ether, ethylene
gl ycol nono-t-butyl ether, diethylene glyco
nono-t-butyl ether, 1-nethyl-I|methoxybutanol,
propyl ene gl ycol nononethyl ether, propylene glyco
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15nmet hyl pyrrol i done, e-caprol actain, dinethyl

sul foxi de, sul fol ane, norpholine, N-ethylnorpholine,

1, 3- dinethyl-2-imdazolidi none and conbi nati ons

thereof The inkjet inkgmay contain a °
high-boiling water-soluble organic solvent which can

R as a wetting agent or hunectant for inparting

W(@XCFretentivity and wetting properties to the ink

CONMPOFhird ﬁﬂren&h&ﬂad@mhﬂog&am& s 9 Qk%’attlﬁﬁleaﬁﬂﬁéMyEgr&{p%p b(ﬁltaln any

vent includes one of « ,
RRHar Sros ST e L Un e ey e s g lerenec it
sahs@ialkhpefgblaChelkyl ng poi nt of 180C or h| gher are

et hyl ’ﬁig(?engl Ml&@’l aiso B&Q&X L}’%Q@Ikﬁ lg%@;]% As Qédq{exleﬁ‘ll tﬁé']t@mglcyc@‘ogikyl” includes
pent anet hyl ene trinethyl ene

oz’clBaélfyé ﬁ%lycyclgrallarf 61|1dy cy@oagcplﬂsl, groups, a3 Wﬁlb%? ﬁﬂ)étbqamns of these with linear alkyl
Qodi)’e kd’cty hs ZcldelfyR kY Iopiegli. The, cytlbalyt @pipInepBe igkyie@t with 1, 2 or 3 heteroatoms
IN o?g t}—?OrWCreq QR h@'@ﬁk}g’l %Qa?lkf ?&Qﬂg Xll(yl gllo?(}%q’lgvmg no

propy eéne gl ‘monoet et her, %f ene ¢
hetsToaR g UP o EFampep ﬁfr%‘é‘gﬁlkéﬂrﬁo"@? pelste oy yaleee. Lyclobexeny],
<ghwﬁgmnfgmaﬂﬁ&hﬁhwghh@§ tetraetrylere egcoL
triet ene ol C n I
L
gl y cofhe o Shetopdn br “ th dg used lpereprt@rpﬁqr ey ¢f |ﬂy@@p, chlorine, bromine and iodine.
PRl Sl WE ﬁﬁoggﬁ MER t§ch|IE@Mé (Hglu&;mlle Qbbtndhs Wei ghts of 2 000

or Io e col Jsopr l.ene

G obu e nRy o5t st SutirRe T3 (B2 bEHGeY covteie s
hydrSphii@rptcampie th sobstitudnt ﬁmpewmve d¢1d)kroupginylc<emg}blts theregf)’h i'q sulpskituent
&ﬁﬂgsﬂﬁ '5¥$lprﬁér1tc Qlllama ng ), Q&Q@sﬁ%{ f aﬁ‘bstﬁolﬂ Haf &fnmst entlrely or partxallﬁl of the group

wat er - sol ubl e organi c_sol vent content in
spfﬁrﬁef éﬁr quaﬂﬁ @ Sﬂ‘i’sé‘f“t‘é}‘ sPysingagatid srowndingladnasplsdbsigad gty be of formula
—WDIHZ%&',D},EI weathlj _] ys Olﬁaxt BtegzO oy tovaghé in thiaGaextORe e substituent” may be,
i nk cp

é)r exan%ple an allﬂ/ u%e“gt wh1 h%as a ngmﬁgd grou htﬁclileds gov%e%br 1?W¥Y% reaJl 19 appreciated

ar
thnt)the sactahinge pﬂéesub&ytuprg @ea@ehak tp the §esa?¢cfur}§mn91§a (Ptfﬁ’d?q tb% gip specified
Fm%egéyatlves thereof (e.g. maltitol, sorbltol

hyal uy qni al doni ¢ aC|ds ur oni
S o e e R i St BB R e B Py T gy hen
canpehdmay ey mpewetscmatw formsothert dﬂewoatq&e@wslsqmwts andrhigtutehthereof are

%{d%(g gcynz{hgoxﬁ@?g by co§l§1|s Exﬁt?:th CorHTRGLE ﬁl@ﬁl@iné At tures erc. ).

l

D-v-_

ric al cohol alkyl ethers (glycol ethers) and/ or

1, 2- Tdewpp-aret @mpe%mégst&a rg*a#’%fasqeemﬁ’a}e%@ fpsi ten all possible

réélcﬁsmhhéljs arﬁllnlﬁythreﬁhd’ﬂﬁif&e aclededt hyl ene gl ycol nononet hyl

et he MPor ﬁg M{(} fglln}f)g ﬂle tdi nzﬁj Jerl "), ;Jﬂl%g su%fl Qy lco%ﬂ)ﬁs g a”, means “at

gl ycol nono uty? ene g yco nononet hyl

leeetioay” aptbiot Zpnpand GPIéPI?‘FyIVéW@ thy tereG Rt I%ﬁﬁwsw}ﬁcekyweé this should not be

cOhselidd ¥é RRag giuyleaebn smaetidigon oetaher, et hyl ene gl ycol

g? R g r’Inhr%\%h%F%thel S ecl}e at %%Fé{'mng%ocx)npgsxég or \Ff)a{/m tI;]O(I)l% %}]lshog E‘ nse or

“eqmipyibesia shogld W@Iﬂsumsm mcln@ne dotategllelemerih antegerdfir gttt W @pi@xcluding any other

egh&gqhw%pa@mp butyl ether, trietlaylene glyco

nmono- n-butyl ether, ethylene glycol nono-t-butyl

et her, diethyl ene egcoI nono-t - butyl ether,

_ﬂ@@ﬁkhyl 1- met hoxybut anol , propyl ene glycol 180

NDNOREL BrXJent%vaﬁiron allf ﬂ?&l@e@zﬁqﬂl%t i, erefmﬂpﬁr: m(_]let il 1D§®ater based inkjet

propyl ene gl ycol nono-t-but et her, propylene glycol

no- n- propyl et her, propylene egcoI nono- i sopr opyl

et he Watd%ﬁﬁ'e@ﬁlyjbtetﬂ@o@bcyﬂﬁﬂs afearRD lmi“hyd thelitér@ttire and, in addition to water, may

C rTDI%{SQ z%\éltlgeg ?1' 0 g o!olvrmp 8%51!1@5 srqgl gﬂtpﬁl%g){tlnﬁp gls&gl Q&dlﬁers
nono- I'sopr

P@Fﬁ@W5W®W@§?W@ﬁ@m§WV§6F nDno n- butyl ether and

di propyl ene gl ycol nono-n-butyl ether. Exanples 5 of

suitable 1,2-alkyldiols are 1, 2-pentanedi ol and

1, 2- hexanedi ol . The penetrant nmay al so be sel ected

from strai ght-chain hydrocarbon diols, such as

1, 3- propanedi ol , 1, 4-butanediol, 1,5-pentanediol,

1, 6- hexanedi ol, 1, 7-heptanedi ol, and 1, 8-octanedi ol .
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pol yoxyal kyl ene al kyl ethers (e.g. pol yoxyethyl ene

al kyl ethers); and esters, such as pol yoxyet hyl ene

ol eate, pol yoxyethyl ene ol eate ester, pol yoxyethyl ene

di stearate, sorbitan laurate, gorbitan nonostearate, °
Lian. se

sor bi 0- so%vm-‘% nacl)'e tgplgaﬁ water-solu%le orgamc o qu sczntgo% a’teir soluble organic solvents
pol yoxye i no- ol oxyet

igthesty Cat akyl a&@bctlsy pughes cthnpl 916thsq9} fﬂa@el aremamz}eanéé;ema@l glysekpthers, such
A%thfleft ’ggfco(i ofdnleANRAHRY dihydend @l‘}é@ﬂﬁo&etﬂyl dih&! ethylene glycol monobutyl ether,

fz_ﬂwge%g%}rrrcg nomé@@ tgﬁy gcgta%’ed6 ﬁ]?ieae glycopmonomelﬂi;?fg FEVP %l}ylene n%<ycol monoethyl
attgey, d@thgleneigiycd! mgo-laplbpyd)cxh@,ethylswycemon@mmwl edm diethylene glycol mono-
196p&;ﬁ3§1@ﬁ199§1%ﬁk%¢ gly&m |n%994&fé¥‘ grethﬁlg{e%ly@ol %hdjn—butyl ether, triethylene glycol
roxg{ enzoi c esters, sadiu ?L O&g? 1 b ther. 1-methvl-1-
110112'“6’@} i1 3o 255 - i 1 A R s et 1-methy
Iﬂetlﬁwxy‘iiuﬁﬁﬂ hydpel@ 20k 4! dhof@nethfleehet, plopyddne plpdo! meEnpethull sther, propylene glycol

qjﬁy Pu e%.ers %?;ﬁ%ﬁé %cgf;goent -??R%yl € E}o@?ene_r%scol mono- xsoproglx_/l ether,
dingegvisee glysR] mragmetid ghes Givroayigneglyeql ﬁ’gP@fhylchrg gRropiian glpaf mono-n
pTszl it ARG Rer0 klysdl MglodiopMY @B, oHRENEYclISond-B-blithiethedind
cgpro Iy ae eglyc%.llhmdgg g}%e ethely fofrnQarmxée aecetlarrFx\'idéf:l *8 e[h?l s?l%x%x Sor‘tﬁ?ol sorbitan,

er ’consumes any’s
gys@premme@etﬁtn gtyma,sol\qha@qtam glycersf meqq@techyéswfelp@wlcefsbnaiﬂws thereof.
hencIeo?ahgemmzt@rsso1&@@4;;5@%&5@%@&1%@%014\&1@%&@ @8 adf-pyrrolidone, N-
si ngl et _oxygen quencher js,_advantageous for i
R o B P B ar e Ao ge N o, 13-
dirﬁét}@bsmmbazmgilrpﬁmecdmbe]suom/ﬁeredfl me. Preferably, the
si ngl GP&&
S B Rl 05, L ARG e
YeEing 2eegioH epreia rfqa dyparting yft?rd?tﬁ'é“araml Y’ifﬁﬂtg@ﬁ’lﬂ%fﬁes to t&fgmk composition.
Jubrkd th #3iling) tvaérssoluble orgamc sdift PEIRBESHE hivitg@bbiligyport &A80°C or higher.

E?rlgﬁ\)/lés o?gxe wai er—sof( e orﬁ mc S veen¥ l%angQ {3({115 gint of EE{OL@ Srl%? %g’ a{'eréthylene glycol,

communi Ca res e
nospesiers glycaladiethylank gly@é eqnvel?thyler@ glyedl: é@seﬂa/#w #xgl ?-blilt?ﬂ% 1ésdi°1 2-ethyl-
CeRginha D -AONN S 4- p&ltdnﬁﬁdl Qﬁprﬂfyleﬂé &ycdl moib'rﬁé'ﬂhy@&hér hiﬁi'd}i?llene glycol

bubb] and | ect nt e

PR S 9T B USRS e P LR Dot
ghooimoethjen elyel mopowhd ddjer, tetfdetylprighrdstrigtmienbgyal, diethylene glycol
rﬁUn%h'tyif’ pcﬁe‘? Qheltﬂ'}]'iéh@élycglrnlloﬂ&@{yl eth-Ep %1e@1§fllex{étg%ol H&n&ﬁeﬂfyﬁeﬁl@p ke¥oroBylene

pa ewi d rlnter Preferred @E% rlntlers I 1 )
ghiop nQWé’Q&‘%“engF"‘ﬁ%W Rolpolar Bgseh 200P ﬂ VT TP S ycol, isopropylene
giiesicisibbgidnd glycdingd-bugdnbdiodi Irbcbupaddinntl, Seppiphnediolf 1,®hezanedibl] glygtrol,
\éxim!? é)@ﬁt&i,la&ﬁ@%mmom{ew by reference i n their

rinter generally has t .
pri nt%%ﬂ Wﬁfréglrﬂéf %raan@ﬁ?lm&f qogteqtfipsthe igkigs H#fdim%f@ePly about 5 to 50% by

VAR 0 601 re@RBlY 18 B 30%@ freipl, Hased B fhe PaYRIEHpbsitai Nt head.
Ty pi &Letr Xdlfgt‘):l(p \gettﬁré agetng ora}gumec%nt udg aagéﬁartcfgs @ncﬁ%ﬂ%&gnmagchandes

i nches SO Ssevera
oligasebchagdgs pastholyenccheridps) agerivptiyes @}wsmpfdf & psltifoh sethitpl xylitRdrhyaluronic salts,

RORORIR, &maplagmﬁead ICs of 7 and 3 inches, 2 and 4
nches coul o Cr e,

i nch and [ be used t

. pr DB TS PRI T o st GE R Gy e o e ot
réoBrdifg nediub. Saitadbleperfebanks)inchderpilyhadricalyghot alky! frhersugleb! etigns) ABlor 1,2-
a%idﬁishﬁég pIGSQﬁ} s@t@bl&%&&fn@ gl%ﬁgl Jﬂ[ypéme% a?en:%yﬁné gﬂﬁﬁ monomethyl ether,

rlnt ead |nte?rat C|rCU|tS f or exam 1 thvl eth
esﬁ{s%eo%xﬁalwectba SthE ety one slycol Bepebpi st F@}y ?“ﬁ g‘é P%?me yl ether acetate,
dsaifi]eheedlycpirmanbhaiad shee,aliethpiencd pyeol. monbethad dtller, athglenelglycol mono-n-propyl

e%@xp gtg)%nfélglggl ngﬂ%two?wg}l thér,edlé?l%}leﬁé %1? I‘ prm&n@ tls%gr%ﬁh gtger ethylgne glycol mono-

cuits, can
nd@éfaetbe@ ‘disthpicrn gbycelimone-ehuiyleber etHens glyep! WP’éj’r‘hbqu ether, ethylgne glycol
nith&t-Bityl elerpdidtiiidie @ oo Biddo G birptthe) f-mbdh - 1phdHok@agndlptdpylene glycol
now be described with reference to Figures 17 and 18.
A printhead 420 takes the formof an elongate unit. As
best shown in Figure 18, the conponents of the
printhead 420 include a support nenber 421, a flexible
PCB 422, an ink distribution nolding 423, an 25 ink
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51 Cs 425 and 426 (as shown in Figure 20). The
printhead | Cs 425 and 426 are positioned end to end,
and are held in contact with the distribution plate
424 so that ink fromthe smallgr distribution

432 he f.ed
n(: ?etféh propﬁlce:r?enl% gco mog Hlélneg%ﬁ %gpyieglé Bg&g&é}% é%@t%’]ehgrr Sr§py1ene glycol
rmpsba)r@ywm?r, mpmylerletl@m m@wsoprp@heth%p!mwlynecg&yﬁqj opesedhyl ether,

@ﬁ@yfeh@é"ﬁgl rlgdﬁ?eﬁfypé{heg | Qipehpl MR gBAd kSR n- ﬁr@pyl fEer, djpa)pylene glycol mono-
rs o

act u h

1898{08?} tggeqr%m%ene cg]ﬁ‘éoéli’ Ehtgkﬁ/ﬂwﬁ ?fldé péo Yis! ene ,LgBrccH trrig])no Ibbu% ether Examples
of diftatde B2-pletldiolneel 1.2-penposiial indrl,2eexanevéol dhelpdpsirant neay elkete Selected from
s@f’a)’l'g)’ht c@aﬂ%y%ca%ﬁ Bloﬁ Qgc% apy3 ﬁaged?d'l qmtamédﬂ)g 3 Sg)grﬂan@(flol lhfhexanedxol

flexible ars al so
ot ieREredigh aqdé§-°&%ed oh GB’&??II"f Yrp may also B gfﬁ*& Spest in
Fi gurine MQmmememS@ pibfebly intthvararfgb eidi 268 B3GvedghR mos preferably 1 to 10%

S,fviegﬁ%ﬂ,a\g \Qﬂgo@a@ gonﬁ,rogmd the other conponents,

ng t em’n contact with each other.
Not wi Thﬁ %Hﬁalf TR AR P A fiieg AT T agen copeSiban &5 Syrface active agent
Bitbﬁibmér&gsuﬁic@ Ydtilesped. UseiQhiofit ﬁﬁ@é’etabtﬁ'ﬂ ageﬁts ﬁlbl&dersﬂfwic a@dltypes, such
"1\87\% ?];ngsrll c?n?c a%xja %ial St I‘ %}%A%uﬁfgxgc ?cuihselts t A eﬁ%sulforlnc amd?s,al?h er mal

rlh nozz
dieymaphtsieneaitlfonit acahchcylmjh»tbﬂa@nésmnmdngylhéfamm@@slpmm’lsulﬁmc ester salts,

sﬁl@gtéd%hp Eult)ate% aéhnﬁ %Ql!y&y«f,tﬁyleny §ﬁyl Etﬁertshﬁnpeslepgan@ @&lboxyhc a01d types e.g., fatty

descri bed above, "wiIT now b descrl bed. %?yﬂl% 1t

agid sqlts prgaliylsarcosiné qalfs; ?Iiﬁ‘é’h‘tsl’i‘é’Pﬁﬁ’l‘ FErPen &ich a1 B Phespligpi S egsa S,
folyprtyeidylbng aldyl@therchdekplorit exzez balis, auid ghyegrephesphorik@sérngjts.sSpecific examples of
tﬂeo%hlg s&B&%% a?egtrs] !n@ %J&kuglgioh%%ﬁbé?x%esﬁlf&xgtg Mm Qlﬁ&g and a

actuat or connec to a paddl e p05|t|oned wthin the
new@weréylenevk@ethﬁéﬁlﬁaéﬁanawwaﬁ%ﬁf device is actuated so as
to ej Sﬁ&ébld nidkiorfid ffack b@v@@aztd iclda atl’ddafe oxid@dr ®pesrstiohds

\?\Hggﬁtlh}l ene rzlk&l éegler{s:l pg oxyet ern% Ltlg}H henyl e?J Fﬁoxﬁeﬁ@gneaa%}]%g Fand
rREpryothylehe n@ylwﬁ@w@!w\ﬁetemm iU atﬁlycaw’c?éﬂhftﬁeﬁ spibitgnpafileesters, and sugar
aﬂ?ﬁest@ﬁtﬂé%tﬁ& typSs, m&%ﬁpﬁdncl eﬂ’cohd'] Qlkﬂaﬁiﬁps Qnd/dll&n@ﬁmw tiPes, such as

I Ve ?i%ygirﬂgg{? H? asa{’gm teaﬁggp el\%vg “°Hi§3 urtgcegccz)tlzv{% Ogents &g g[pers such as
I@U’D’S’ﬂaﬁwe abrlyipheaiyltethet, ayos ety Roestytphenyhpghes palyoxiathylehgedodecylphenyl

eﬂxglz Eélfox(féﬂ%ﬂp@c{ Wﬁl/llether polyoxyeth}l@ﬁerblleglgetﬂep b&l&cﬁ&étﬁ&leﬁ@laury] ether, and
ur es

provi de
hPaeEr e‘%ﬂgﬂl&rﬁ R ST LB B U 1 vorvethylene et
ralyb:aadaene o aleat©éstet, polgoxeaiiytetlé dimertate, Artiarizirge, sdrbith eonds@date, sorbitan
nl10§1 Bﬂ:&é’ leg.n Fési.u o etat\;c\:)\f/]ﬂ }yﬁxyletﬂyler%%n(pgl Jt‘@?ﬁﬁ%o@cggzthﬁéﬁe ét&kate Acetylene
nf e etched t

et C anne can rou%
sbige)Srifang aStivF e WEh 2 Heb 7m90t2%“§th¥]r?a‘i"?®é‘F'4€(§1P‘ P é’ergethY*rh getyne-3,6-dil
dﬁ@,zaln&thehlameﬁm 80dayfalsb bdeed. i ncl udes an ink ejection
port d’ll‘:i]04 a{ 1&( aill eso énﬁﬂd 1oc1r5&8 fu x be%z%i?e CT dl? cﬂeﬁlorogheae hexachlorophene

| nsi e noz

sBOE agifhihgdrorybenraig eeﬁe@cmﬁ@e ﬂeéudrvaset% lé@mlmzekn- 68’ %ﬁsmgﬁlm one or
424-Gh@hyldxhzolidie. Wal | of the nozzle chanber 501. The

actuator 508 includes.a heater ms

. 509 . .
351 0l B ABAHE T -BRtr BNE ORI lp ety paces sid

(FheApost 510 is fixed to a substrate. When it

is deﬁﬁefnﬁ tlLlpmé%J afsggon%mqirsglgleﬂ‘ dx$dth &ﬁch@ro’?lzelp?es&lm@et oxygen
501, as illustrated in Fi g}ure 22 , &(g er. nea

Bengher(s) i b ak Fpowcss Beprergosin fre fog R4 A gig auene ér consumes

ahy ﬁ]fﬁt alyban gelehreed vethd Bdinityeaths dyb (ﬁ@leblﬂs eiuf hapre, mingniges Heir degradation.
a\%ﬁt,eﬁsgo@s;’m% t o%#a%ecﬁu C# He?;s?{l:\lzagt%ggo@ V\ﬁ ér?ﬁeﬂn zl:ng tiggga'&tgﬂgﬁﬁé c@l: #hd retaining

i fR- Pl@?rélﬁ%growwﬂ@ﬁ %dl’ra%rablwﬁéwalﬂém% ﬂ‘@h‘é‘?‘ lwlﬁﬁa* feom ascorbic acid,
1Mok BiS c18-[{ L2068tk (0 ABT0),akiddshes. smliunftide)igitiding ortryhlephsi. t y

X Specific Heat Capacity 210 A suitable

material for the heater elenents is a copper nickel

all oy which can be fornmed so as to bend a gl ass

mat eri al . The heater nmeans 509 is ideally

| ocat ed adj acent the end portion of the post 510 such
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Subsequently, the paddle 507 is deactivated to again

return to its quiescent position. The 10 deactivation

causes a general reflow of the ink into the nozzle

chanber. The forward nonentum@f the ink outside the °
nozzle rimand the correspondi ng backflow results in a
general necking and breaking off of the drop 512 which
Infes&estets to the print nedia. The col |l apsed neni scus

505 @S Yledest ihvantBn Qlﬁ‘d";ﬁ&\@ies Wt Bx%te@ Eonkprikind d’ﬁr@thﬁah&h ﬂUId communication
zz| e chapber 502 via t

channe
PRAEEL e PRESIYD EITDEY TGToT o BF ) DU CLBh T R
posi tlhige primerds bugh psghePiBe] fybbleget algiauqqoqlegtag pranttrsaerel wplh}glown in the art and
W ?o%ln sarpcﬁ\ ﬁl@ggﬁed 'pé-so%‘-éke&ﬁlg&heégﬁéray lq{o%ﬁzq% fl@rprutlta'@nay be a high-speed inkjet

15ej ection of anather drop. of ot N
ripte SherPapterds preferbiya ?fé?"@% B’i“}“’\? R ”’Fﬂtérs ﬁ‘lﬁji’?f’t eads for use in the
pRdsénB g tianke dedeligpd ireth@@lldvhihg yetentappdisatismcAlli o whibh ar¢ isgrporated herein by

%é%gﬁgnmggmg&gay of nozzle arrangenent of Figure 23.
n these t he nunberln%{of el enent s greV|ousI

10R02duce WIS been 968187 ned. BIPEMBy, 4942748t uat 0009334

10882, 669C| Ud@BOASTSEr | eB6MB3 t aper moAeIBUAt O10/300617S €. /302,297

515 which conprise an upper 20gl ass portion (anorphous
silicon dioxide) 516 fornmed on top of a titanium

Rrintheddde | ayer 517. Alternatively a copper nickel alloy

| ayera M@ﬁx{e@h tg@feraﬁﬁhals&do 9&&@1&:@@&&5@&& cifodits B atdl IhclulmZ& gljacent each
SHi  er e pripngs T Spcalts B8 Bt IcS fiiny e T3 Hebiio s imtes,
sb evErsltcpvigndtiemtcariy used fegodoteasie, an @d pagawidth printheah dFop eample fywo printhead

1ef oft7nl§d PRSkes. 238 4 Mk@%dg ko RO bda YR hudeh ktelallaR 35 printhead (the notation
portions 515 are interconnected at a bl ock 25port

|
is5 ié) WHPEH1YS &Y D0 o8& 2nd 5 ERBRPRYI ISP T8 P al A AP Printhead can be
cBhbpBddt frdnO B dndh &-ifcht ptiathedd DOGated circuits, fokhmanydat &pr phwégephic printing,
péglgulérgqr%eln%m i‘%’d‘ﬁ% @;ﬁ? LdArsRly Fehy 10finRe bé %ﬁe%ﬁt‘éd that a single printhead

act ua uni t are e gate and aced

infeastiedioireptt; or gotsrihaR R Aot RS dF Frg s A

al onga bx@ﬁrréﬂ)ﬁnﬁth&ﬁ eﬁlttﬂlrﬁﬁt df @tte@inttoaiBwill aowrBx desdribelvithSkfat®e to Figures
gr e f ! ne fag Q%dtl\g%l %h]@ Lo en arrllte otn%%q{mg dA.le:Lt §| 0\&51%15 E@\Hg 18, the components

eration o
de mrantt@pd 452@8101»#@ hswmmﬁ@tbert“éha Hele REB 4% @Palfﬂbi"%m%@‘ molding 423, an

ﬁpéfﬁ@oumn% 49 ratl‘l’IQﬁS %ehcﬁcohiﬂﬁﬁ{gm BRIGEREA Sridthddll imEdiated circuits (ICs)
4 ;g %ﬂgl %% is In turn connected to the paddle
71§ WP 3%21 e chanber 501 by neans of a sl ot
e. g. B2uwbatmebei 421tidven b fened from lawy itabiel reategiplasvplegs n5@] or plastic, and
cl—xhge eilr\%d %&e& o fgxﬁl%él B@ﬁﬁ otBk& Nay. afﬂe)éuﬂp&“t ﬁﬂ@tﬁ&r w1tshould R strong enough to

surfaces of the arm 520 so as

A R e RS Gt e e sining and

shadthenlip@hel pikthé¢as adredbisblegeneral |y wi thin the nozzle

Cha e jileguint S SCCOII eiecirica
"'h]glﬁ 51%9%%% eyﬁéﬂdi @19 ?eaétﬁ'aﬂhQBrm%I E@&z‘b% & QM&Q it hﬁld d electrical

sl ot esired to actuate the armb5
careTr A8 19 &2 Freeseripe oppaciEf b tRgrrorteen Mg ﬁ]F’E}'H? Somnectors (no
sﬁcbd?ri) | the dicaiyied ccﬁﬂﬂctd{d ﬁch&ﬂe asntast drkk A5G dae 480 g kin per drk Paditioned in contact
9 conne ctln hi
i Soraees ih e e Balun ML S B YRS wol. %%ﬁ“%j;eys?"gc clip puses
auohe thmteztheal amm@rvgseﬁé mld 4% endcip ﬁ@ubltf?dvte respactierinds f kel frg and second

ﬂd&hggﬁkuﬁgmﬁﬁgdhe nitride |ayer 517 adjacent to the
post

results in a gene di.n f :
EE UG HENER SR T —
B0 Gandiidtiue T4 (ie, Fhlered ks tididred firdsand §xafive) mdedesmﬁZ@ afyefrgen the air pump
a'lo'ﬂg thg ?ené@ Uﬁhe ﬂ?ﬁﬁ@a@rﬂ&' @'qu{e 1@’1 Jeld L)feﬂulcparpbrﬁltre% 43 p@lgure 20) disposed along the

previously describ

et e SRR B s b Bogb e (L FUATER UF AW 430 to te ink
printhead. For exanple, in Figure 24 there is

illustrated a partly sectioned various array view

whi ch conprises nmultiple ink ejection nozzle

arrangenents of Figure 23 laid out in interleaved

lines so as to forma printhead array. O course,

different types of arrays can be fornul ated incl uding
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When the printhead is in use, ink 1011 froma

reservoir (not shown) enters the chanber 1007 via the

i nl et passage 1009, so that the chanmber fills.

Thereafter, the heater elenentmlolo is heated for

dS s%[ggtlon ;%atc A?%?il‘% ds an{rI \Fp%ﬁe%nvga no %i’esm{@f P&J&%n*a%ﬂlgu@g (Figure 21),
Vdmbrpél@ff lafpedOIteFmtldnegrﬁeckaémt elwwz)aéfhem*ﬁf 1010 is in

t her gl d\ﬁ;ﬁlﬁﬁtﬁﬁ §1a¥éﬂ 4ol jst ahﬂulh—'[hlﬁeﬁjcgﬂs&ucltlﬁh tohrgueddasrbey flui@Gfovided locally
t en t s .he

h : this caus
@by B4 WO 16 S0 B o e Ok By =38 o e prinhead
ICHH2 Siamkd26 (0 Shogo indtigutaOks a bubbl e forn1ng l'i quid. The

bubblg, ]pg;ltgead Q6§3 Q259 ?rﬂeLfZGtagéj posﬁ@ﬁéﬁ &3ad @J‘ eﬂdn @r{deﬁ@ @elll Nn contact with the
£ressure\mth

tur
AP aES B O G o GTUEGT TR VRO 11 PP G corspondin
zbhﬁnﬁ@ﬁﬂ%@mﬂﬁﬁ&nxﬁﬁewﬁ¢m&i@@42@ssIStS in 30d|rect|ng
the dfhg B?S%Q‘;’ 7aa§e xlef;atl éﬁr h?éhecgﬁaﬁgﬂ corddctBrs p&sglofp,dru) Hi'o%@e &rh'@ current to the

chance o I'rection. Th e reason that busbars 427
apore of tae nmfhyaddlﬁ@leﬁ BTk TR it 01’6617“%‘? 28 the usbrs
alreﬂjetﬁﬁledﬂﬁﬁﬁiageat 300d bysa sBékett 0B tand 40 BotiENE S I Ep-ar@mé wings 434 of the flexible

ettt e i OBRRRIIERAIRMIBD (00 ot
ef f echs sa@ynd@etnxe Figha i ehen asprenblefdierflexible PEB Jahieflgytively wrapped around

ROz, &fmpoﬂgﬂt@ tl'ler‘B{_} BAGR: théin RICEREWIE dabH diteh) NMithetaRIAREis binding effect,
Oéﬁ)gontxe Erg\%gegéﬁ%%lr( gr(]ggé‘t} OE tregl{?roe hr g%shsean %r%gltheof the printhead

tﬂhhﬁmwphssage 1009. However, the inlet passage 1009 IS

appr %o%@ l)ypngﬁlgadB&zﬁ@@thmnglrbgﬁlﬁdcﬂuﬂor ’ gxﬁg‘t)lhbble @ﬂﬂmg Beater element

onl y_appr oxi mat el m erons in d| ;F ce there

RS MHaF AN, IR Ak oA Pt s
predom nant effect of the pressure rise in the chanber
j rce ink out through the nozzle 1003 as an
ﬁ%ﬁ&%éfd%éh%ﬁlol6 rat her than back through the inlet
pas s dg e Grermakbead,gpator. fem PR @MProvideharq7ik alfff‘%?ﬁlefitéi%ng. agozzle
dahvefcophieh] BE adds t&hﬁewﬁend ddtihartg cdnhested Pagkddivgpojitimsdwithin the chamber.
41110 g‘g{mg{af?)litﬁr q%\qgeqa?cp.\ate as %f z[{eﬁt @ﬁom&o%eaogﬁnbe} hl%e preferred

as ready rea t's maxi mum si ze and
mgdmmwclw@gwﬁrttcela@quﬁ perd aetenjga Fish mpfedepieries ofyfapered portions for
ﬂ;&lllciu%Q&%ucllgé‘-ﬁeatmg%ga conductlve wddee Tﬁ‘dﬂcﬂuﬁ&s.‘i d’d@xe&éd tb e phidlebla@n arm

apse 1 ause
L ot o B
shfsantgillg egh hOfacwm§ ofttivelotin gy pozzlgghmbermallt o be drawn from

}\/Bgt ' ’fg;lfrrﬁx% (it 12 @ﬁ@%ﬁleg Q%a) -(EOMerE Q%rotrﬁ&l PR nktc 1mfstrzﬁi@ﬁs|oa&§ Bhsic operation

rawn i n ner

G BT HE R oL GROITeBt 1 TR o ronio B G g 502 by means
df blﬁnbﬁl&ﬁchﬁlfneltSbEwhiﬁmﬁn BeGetqbed thoughe wafessubstrata ki wigichothe nozzle chamber 501
?sTsh %héjxl’ogﬂe c"l’lg;ﬂ%r %(ﬁ thﬁ&lﬁes%ﬁ Hk%]ealoﬁ M& alg\fmdm Bt M eniscus

0 overcone surface tension forces, 1 n order to break
fofF- As ink 1011 is drawn from the nozzle 1003 by the
col | apse ﬂi}fnoizfé&h&tbbxtﬂoe 131@3,&116 typla @evibe 80T iGifitedcbr@ecitd dkan actuator
5:!)9 gh? a%h:d e wa ?@X nozzqe %iﬁulngeg 561h %h%h'tﬁ# 508 ﬁx&)ers Qheater means e.g. 509

Ghsion Kold drop e nonent um
lmated pridaceht toppn grst poxtiop af a@pﬁé éted h‘mpﬁt 584 is firrd tw&%‘féte is
suffi Whéﬁrktls deQreatd ot 4 da HRAR: dorldh@aér 30 fas iMARRA IhFRzure 22(b), the

e A L e s
atet pagpsed teecttde SPfoiratuiloforcmdtérials beving @ high bénd effjciency fybere the bend
%M i fahealbiere are no solid surfaces in the V|C|n|ty

of the point of coIIapse 1017 on which the cavitatio

can hg a& ef f ect . Yaung| setMethlus |Xdé€@eﬁﬁé"fpﬂés@ﬁ’fmal Expans"’”)
i nvent?6n %iCIDrovides an Dekiigt xi Bfecify Héatl 9€apacity
conprising an inkjet ink as descrlbed 15above. Ink
cartridges for inkjet printers are well known in the

art and are available in nunerous forms. Preferably,

the inkjet ink cartridges of the present invention are

repl aceabl e. Inkjet cartridges suitable for use in the
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a housing defining a plurality of storage areas

wherein at | east one of the storage areas contains

colorant for printing information that is visible to

t he human eye and at | east onglof t he ot her storage °
ar eas S q)tlearhart]esﬁa erllkitee}telemenl%s @ﬁc' co §e§ gl[: %g @B&chn b formed so as to
Preferé%f eac orag corresp ondi N
wm¢4ﬂ%8@%pebted IeveIs of use of ts contents

25r el Bb hd48r £&ind 00 id ibBNERRd EH]zicEHt th@ %ﬁ%ﬁ&ﬁofft&rpozﬂS 10U Hat the effects

rinted br.i
gé%lngt’iobfrf’ Blﬁg%ggg %tﬁhe pﬁclgle eg$ §0|7 IS\&S at 8818 Lh al CXIEaHSI?n',] near the post 510 result
iplaezs envenieny efitieipadille ckd.gur e 12 shows t he corrpl ete

asse nﬁx'e Mea@:r' m&ah@SO@ %EH c@ﬁ‘s@(ﬁ%tﬁl ﬂa{lﬁfe tﬁ@/@ﬁléﬂk QQ&S @geZeral Iutcreﬁbaﬁl pressure
bl adders or chanbers for stori n% ixativ

SRS PRt SAncincy P HEGSR O P o The ot
cotréan€is pdd adiritk is ¢Ecked b@df HSHort 0K B1.addiiive tcowingiigfen G2 iAk channel 503.
al so s%g@éuﬁht&nth@'% %95 @ 1@deéctxfrdtédttc%ga1§ 28 B 1@%\9@@6% 6394163'3 y0S

637. mcro air
Psrtitipeieess AACRHPl oN P?thep*ah*ﬁtoefswz}%@’a@ert Tee fPyapreamepipg of the ink
o@tsiﬂ@&@ né3A9rim ThY the d@fr&)zkbndﬁg bafckﬂdw&l%ﬁlﬂs ifith fenérl nbdkéng and breaking off of the

5r11£ ?ﬁ%dqs%:zggtotme p%;r'ltl n? gﬁfgqgﬁ \r;ﬁmschs 505 Ioesﬁt?[ntal g‘e"+I ?a%suckmg of ink

elrm
mte ﬂlz heggle Cfolbffrlﬁ@?()‘rl@‘b‘r ink ﬂwgchmel S4B rInfime, tﬂ@moes@hw 10k s refilled such

tﬁalﬂﬁxe @ftlt)ﬁ in@%re@Q(Z) is 408 rQafRd aldinRRadzlelchdn®erGf subddguehtiylréa@y for the
is.effectively linked to the life of the cartridge.

R0 oEHIUFSLPPREY the filter is replaced together with
t he daguter23dipetrateat kidepetsprativervisivyof thenagre erhragemsetr Figue 24|ilvgirptes

sg&mﬂaﬁaév@{ﬁﬁ)uéﬂﬁ axfrzlyl of ﬁfzzl@&rrah%eﬁt%gﬂglrr@ﬁ I th&E ¥@hes; the numbering of
hernore, 35t dhesive and infrared ink are

eieé‘ﬁ’lltélﬁf"%cl‘l‘é‘éi mFB‘b‘é‘idﬁ‘ésrbeW R"%he visible inks and air

filt GTlr.stiyhﬁifS ﬂhtgtof 508 ircluthgy aladias dftaperedbavtubtyr undteee. g0 6 15Snthésh comprise an upper
g?agser#’oﬂkh gaﬁlol'pﬁou% EHIQ%R Eh*dﬂ&e‘i g 1 6@@1&‘@&' §r§t0}? gf attxgﬁlulq %(ﬁtldy% 19 fAlérna’avely a
consumabl e materi al . T

e car has a thin
oo gkl eogedbenci e AR HPoFE) n BATES WBgl e o maber bnd
efickhdyl ve bl adder 644 are suspended W thin the casing

by a "H'le ar?néll'rg B:}M& d éléerlgggbm pere&: P l:ng Xngat gla{) Q&S&\E%E%m%&%s place near an

single g ue 'S acconmno
endpadiongt BSMost STh Adjdcent ttaivh hifride/glesy @preips 81 ¥ eopigreenoseied At aplock

psﬁ@{elsﬂ iotyhich 9150 ;mwlda; A xﬂé]:hﬁ;ﬂ:@l sfQ@ral kt[ﬂ)goraﬁgﬁe d@ﬁ&&SSO(E 1500
snee

t
of t Hljl) beﬁgglg‘ﬁips ?\}itgﬂ ﬁxdegra gluga? E' oé&e aPere actu %dr p 515 “Xnef? are elongate
andader agt peh thathedod Mamdthﬂ@@mg’@rcs V@tbmlon&he ﬂﬂssxf ge ecrmtor 508 is

n?a&@mgg S e el baRER 1 HREA 'talpergﬂlnﬁé/% 1886k 16w toPgighaitrRRhtial operation of
plications |isted above, of which are

eF“‘r’i‘ét‘)tl“”ﬁ‘BP%gt Wi rFreobie ﬁdli‘fﬁntra%ﬂ‘aéqr%??é e intheir entirety. 5
He nc eThe blaek porties £19tis interv@nécied v goraoiv$20e Thearrs $A95¢ in &treconnected to the

pta{ﬁh 4 39 msﬁepthﬁ%oéz@é@ rmepg)ﬁ%yﬁxe S oFIRREL | BeO AR WAL £ BARED 22l

ereon e substrate conprises an
chavbey 04 Breslgr 24 efé*eﬁan?de&eefir% [t matg yigh thsurfaces of fhe g2 sq 44 to minimize
ﬁtﬁtmﬁlﬁ’{s or &t oG08l 6k ﬂ@hﬁn&ﬂﬂé iral3b@ 1o ink ikheld igéhera ¥ Wistifethe nozzle chamber
%St For exanple, the coded
5§{]¥1a Sugfas ‘gsm &}g&s ar?unvee ) rg?%]e identity of a product

item WIFm éfiedesits {p actparetheael$20. d sanduotive ciregpie sesepd dyueh e titanium nitride
15603 Y 3R Liaditithd B1QR p&fion®19 LahRHhidgas Qlo&bfr(fl\&tﬁBﬁaﬁf 506Rich prov1des the

ngq%ggrtyrg?\}/e? ﬁrgﬁoxgﬁ%grrfg%; t%{ til}gérl?og%]? 2 Oo/%ejng e con ugl%g fu%rgr?{ r«Tsults in heating
of the nigridb &iyar &t Trdjagend tXthe st HOtwhick resudts tnhlabnetah@“dgﬂévendmg of the arm 20 and
cgﬂs%ﬁgﬁg@{&&bﬁ R0 BB AEI0R CHR _F:Q:yd c@opﬁ@ﬁ&teﬁ fn Sjﬁ‘aﬁé fa&he usual manner

he subsirate may be conprised of any suitab
forgp pkjeLprintey s preyieusy dsssiiveds (e, g. pol yol efi ns,
pol yesters, polyam des etc.), paper, netal or
conbi nati ons t hereof. For net - page
applications, the substrate is preferably a paper
sheet. For Hyperl abel TM applications, 15the substrate
is preferably a tag, a |abel, a packaging material or
a surface of a product item Typically, tags and
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35In brief summary, the preferred form of the netpage

system enpl oys a conputer interface in the formof a

mapped surface, that is, a physical surface which

contains references to a map g the surface nmintained °

in a 1§:no utf gorzzlg’%rg 1%:ments ctane be@r&e& s% a1 gtr\%&eeassm%%nxgﬁ%d For example, in

querl edm y an e sensi ng

Figyrsi34 thire isgliveteajefl p Bar'ilyi’?ﬁﬂtl@‘}?é VRUGHSi G, Vlelwh’é“cﬁﬁ‘pnﬂﬂ@ﬁ @P%ﬂ?)’@%ejecmn nozzle
aﬁﬁﬁémﬁ&ts efﬁi@xﬂa@g a¥d &i Ji)ln}érl&fzedl liﬂééls&xsbcl Hrm AEthéeh@ brka} €0 dofitse, different

suc a C e he mapped surface
t§F%1&§W% Hﬂg P§ﬁ8§¥gW§§HP%¥ nce both 40w t hin the
map e canstowtipn df the mintheed systepsdesciibed caromgretdattilizing staedmd MEEMS

t&:ﬂtﬂéu@é tﬂrohé’flfs@i[agﬁ;do@ﬁcam the gt@;ﬁtayi‘eleocut er‘JStJQ@I% m@féﬁ’tﬁﬂd Image Creation
surt ace, and such i nformati n be re

Nttt AmBrE 0 BT PPUF o S BHETT O VG Sy Faoporcd by coss
refsedew t h t he mapped surface. The information thus

retrieved can take the formof actions which are

initiated by the conputer system on behalf of the

Ryplde Bargine flefier E5pyenid€“4% the operator's interaction

W t h Witgelidiick &ﬁ@guf’eelalthﬂtﬁﬁ cell 1001 dfﬁ bﬁHbEff@ml‘ng teafepélement damator

A etrges nf)zz}é ﬁ)&a?e%é% Wi nozzFeQ 160'31 ﬁle rg:ogile% rﬂav‘? noi%ﬂ:q?rlg lil&ﬁnand apertures

PREErac ese ar e es o

1995ceptoiding tarpnth hernerels plptei ﬁhe@ezzbrpla@rla9%1apl9s% atﬁlasf‘ frop aﬁﬂwon nitride
sWithed WMEiddebdsa, By Wa@ baBiEmiVA vapBIicPRBIBS(C VDN fodr BBdctiftihl inSterial which is
encoded on each page using ink which is substantially
PEAEPEo the unai ded human eye. The ink, however,

and_ tTheprsthpadae inslodkedvidiatserct to aavh brazls 8193 il lygilsd 406 on which the nozzle

p@a&tli &%ohyd b EHQQB&Q 9009 Qinad W thd vAMS M e §62te Blale NB02NELRNRBSer substrate
stem In &ée erred form @CHIVG butto

iAgRat o1 WR‘é’aiﬁ*ﬁe L8 retepd e theoygh BempiR RSP R R Ug 2 Slg ot phywm) of the
sili3trdtee QuIBGed, ielohgatetededr elemdnt Y tshespandédwothio tigrchandersiofgi ad that the element
1915 ﬁlf Vo %Pae&??grgle@lﬁﬂrﬁt mrpkmtﬁ&ﬁ X@s’ﬁow& ifla H{&ﬁ)e@m&géhmlt system (MEMS)

text wit on a netpage Is automatically
F%@W@W@@éﬂﬁﬁﬁﬂb@éh@@?ﬂ%ﬁpPS”%onputer text in the
net pagi@n &y §inﬁ1ﬂ§hd iatnl ueapink QO 11 Glo A rés@rvdit(ndtishowd@)lenters. thelchamber 1007 via the

nget gassaﬁfe TYBQ ds!) e cham%engqét e?egfte{ %QI egqulergght %010 ?sthgﬂ&%or somewhat less

onatl Ca verl W ng e-comerce
tlaan Amiaeeiofso the ﬂryéle@ema rr@hfyfomqf I8 szaéwlse AsWill pg gpgrepiafpcippat the heater
eleﬂletﬁ' 1 §dNiEn ﬁlernﬁl d@ﬁthdﬂ vRdmeak nmg & tle hahbef E}OV el ivhalthe element is heated,

i.nter a tive
ﬂmﬁa se gl%efle&-g‘op o va%Oﬁ l)lfbglgs 16:;11 ﬁr?(e écco mgl l(ﬂ){ conlgt%utes a ubble
fBrelingdiividni cal | y", via conmuni cation betmeen t he pen

and tﬂ@bﬂ%@l‘e PAY SonSYRheBiBd, cIliE@s a%)f&me@n ﬁ&gﬁf‘@w@un tﬁ@(ﬁih’r@&ﬁ 1007, which in

form containin namne ess
RS e ﬂpﬁféwmf%ﬂaog é‘"éaﬁﬂg? g0 léfhf@*rgféﬁﬁi“’&zla st BPi qﬁ‘f“é’&slsts m
dusamgthwrsp Wl @asiitrikejeceido esoc@phingiat the Banpe ofiatdeng mawirgtion.

col | el%g L& erit tﬁe?eg§o e h&ge 'l(ﬂ)g 'ar§i' cmr@oell ﬁ)b7 pe-lrl}% passage 1009 is so that the

correspondi ng page description 5, stored the
DFFETS AT &?é@tr%*rwhmd@scmbsfegn hepfie b %}ﬁn&a‘dl‘)l"eﬁn@ frEpipg ofgpubble 1012,
db&exotn:ﬁéd@ @&GRent EHAMPAY dndl Gk &kredpbndiiR a6aziebes the ty p e and

pl%%; Iealfeas?e 1.>x(1 é)fe Cfure(vm "E %{e cl?amberal%% r{opgn? %?hte% g 10% W&ugh the nozzle

1ﬂ¢$ebum elsqraghes sops ink hack dreuel el Brspen 1@99p Foveyen &atmlﬁxv pagsage 1009 is
aEﬁ?@xﬂ?ﬁ@lm% 300 Brény Bﬂén"gth il Is@ﬂly BpprdxPhateBXI@ limdrﬁls nhﬁiﬁne&r Hence there

1%385{11}?3815 Hlaii%{l]fdi(r:aé: &g%%&ﬁlg ﬁxe predonnnantseﬁ)fa ct OPth p%exs%u?e r%se Jdl the c'ﬂamber 1007 is
t-fogpting o througl tha edzpla 4093 peam ebGad drep 191 @ faher thah bﬁqkrﬂﬁwgfl the inlet passage 9.

whi clyi sﬁav@i%& 1y, b ﬂk‘ﬁr@ﬁ 1(ﬁ6 @'Bgmg ejébﬂeg 1sqmrdh@%dts ‘ﬂ%ckmg phase”
nore detail below, works in.con

BT s BEEHSITt G i e VR DA rsbgeop b i o s and s e
bagih g Bapf towik a3 the @Ot of ddllepstiédipage printer is an

I nternet-connected printing appliance for hone, office

or nobile use. The pen is wireless and comruni cat es

securely with the netpage network via a short-range

radio link 9 Short-range comunication is relayed to

t he net page network by a local relay function which is
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15 a traditional newsnagazi ne, such as a set of

| etter-size glossy pages printed in full color on both

si des, bound together for easy navigation and

confortabl e handling. 23 The netpage printer °
expl ai.ts .the .

It er e SER by YT ERLAY ol BoalBpRAFDAs g 101 o
msﬁemltus temozzled 0r{frere the Sdaa @IS of tindion) cand tomednchedyawn from the inlet

passiig¥ 1608 @&Jr&rtﬁeg:ngf Q@Q}k&@ Nelod: Bt tRSiReto1 P&&ASIH tHisSnagthef B @fym from the

s OF e AR ieb ) sl FoRey fsr SO ok eeT
| ongethe diep 1016 reguites megaimmobuhipfiiepméntrage oxpraing suyfaceltengierefgrees, in order

o DEaat }?sﬁlﬂ?l 0FV8 Eﬁ% ﬁ@ﬁ‘ thP BozSI0 2d0s B¢l mb! &Juﬁkge SPtheHubbRAL 012, the diameter of
consuner | nkjet and | aser printers,

taasekal Ypdupes %@Pw@%% argquawfwaéwafawﬂnfmﬁ%@fné% FEgpy5g that the
thdRRfuR 6 CRpdradds @ i djeord aut clolrsiapais Sifficiehtitndllodfthevdiop e brdak off.
ot he rWhe ”%% Qrogﬁ &%%teiilzs '3% gﬁ{a&ﬁ ce§ Xé%%@d'a&eﬁ&%ﬁ Wth@zﬁro@s 1020, as the

prlvatelntr nbodi nents, the
qu‘@{leplé)@%coggpgqs &nthe @uﬁ@fg:t)l@esed YWPNLS g}l]ﬁ)@ Fl@edctbaﬁﬁla{e é?e ng solid surfaces in the
VQ,GHJEP Ui 184 podineHabiRgsed 8Mi o8 @hicBHE Eavildioficap hiva hiedffect2 5Net page
publication servers 14 on the netpage network are
configured to deliver print-quality publications to

Iniée Parpedeesr i nt ers.  Periodi cal publications are

del i vgE ﬁx‘éseﬁ’t%v@ﬁfﬁﬁ hl&?ﬂrévlﬂeg ) 1§<§H@§1§ Edrthﬂé’é@orﬂﬁtsﬁ@@ﬁnkjet ink as described

rinters VI 0| nt casti rrultl n tern
o
Hreferatiy, the chkgOdlovadtiidges of the pregtntvinvdei@h ang setplacepble flikjepeartrigges suitable for use

RRL fiti IBEAtBE &t d&ﬁ'ﬁ;ecpiﬁ the @tﬂfﬂvﬁg f)a@éﬁt dpBlicatbRe) Qi bf whikY are incorporated
nunber o ens, a pen can work with any 30 nunber

hé‘femr‘i’éfeff‘é“g‘%@‘bﬁlf“ﬁf”élfe? In the preferred inplenentation,
each net page pem2tias a uniogarsdzdentifier. A househol d
’?SQA ored netpage pens, one

AR B BRSO o] 1 D205, pon | o0
e ac w he@eze defipinga plyraliy Af sirage aegsridherep pidiest oge fitherjiopaasgsa ontains

doRradt LAY fdsbtloh Gatié Qsibl6 @ ihedimareyedp bi IeaonOsT B @Mhumeslorage areas
0 aliso be registered with a netpage

CPIéanssagr“%{ef ’glﬁassdgsrcver ®Y*and Iinked to one or 35 nmore
pay rPeefirabiaeagh serens atst i sizefiepreeseonfling e the cxpsiefdevele Ofp4S itk pagtents

19D & tRafbHaed ﬁfm?débé?&é FoZ £ hntbSH d'ffgrnité'dl%ag%ﬁt pag e pen. The

2::3![0 ga([vg%hcts\x%ré %&%}%E%g w? {E%ﬂqlége%?ctén\'/ tg{/]pargslejnrt thvention. Figure 12

shegitstcongee asegmhrtoﬂmerepladebhmmm@rtndge 258 Mﬁéﬂﬁm:mc@nibﬁefor storing

ft{tﬁt% 68, LAGRE 3oy arﬂigyaﬂlaﬂemgé%m.ﬁc Gelis® 638951ack@4hﬁ[1 infrared 635 inks. The

lometfics can al so be used to ver |f¥ iﬂ g?tlgvﬁ FA 0, th

getder 7l 2Bt cophis HBRAGEIBEN P ACTEEEE Py o Figure 9, the micro air

fmelaam infefaced/ @ith dniai® Gurbp 638l insitidtthe @rintenveiy a lpye GSBengmrpsa@eﬁltered air to the
ea S ’)’Oggo ep?é&gxg %g%% of ml%%alfgggét&%ﬂ tHd M%ﬁl}epa g&tﬁ%&sﬁbﬁmaﬁﬂay clog the

lver S SucC e nornin newsp agl
wzﬂqsro}éu PSRBT S RAR e EHHOBSEE PReGriPRat L @Ry filter is
drrectidl@y finked to the ﬁﬁ|of ﬂalb taﬁﬂdge UMis diuirds.that the filteSis pepated tagetber with the

L
theedleigt and mﬁereqh sk pa g:@lep}?heqﬁp gqther with the viside inksfand ain il eHtheyedy reducing
H3W ﬁ%?( Ry the%ﬁﬁt%&ratm isGhlerhupted beSduld oF 1k Gep@dﬁyn $fd RénsuRble @faterial.

no

ws th hone nu er,. ol
1 NEﬂbﬂ@n@g [F 5’]‘@5 gxﬁ%pgders 6?Ftﬁ8§55a1nd ﬁx1t1ve bladder 644 are
ssypatdedwittin thkessing Hyequusss wgc@oumltﬁelcwdmmm & hmn@ﬁévg éladder 630 is

a@#&%%da%d%?tﬁe ﬁ%&%lﬁﬁg 630 Thls ?ssasfulgJ &Y EIHTE SRS hySth & chicit fod Brlinting and

ect classes connected by relationships, and two
%WQ Gres €159 e hi ps are of interest here:
associ ations and generalizations. An associ ation
represents sonme kind of relationship between objects,
i.e. between instances of classes. A generalization
rel ates actual classes, and can be understood in the
following way: if a class is t hought of as the set of
all objects of that class, and class 10Ais a
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35Mul ti pl e netpages can share the sane page
description. However, to allow input through otherw se
i dentical pages to be distinguished, each netpage is

assi gned a uni que page identifier. This page ID has °
SUFf CI ent precision to distinguish between a very
unber of netpages. Each reference to

t he pﬁg@n@@s@bm theydyes of the meseraicinventipn are Sippialls quitellgfor vpi
ﬁ}@&laba@%& fekage stdhns Lﬂﬁklﬂ#ﬁmﬁh@@i@e@ﬂbeﬁﬁﬁi 1hidte dekailBPIPW @&ldSn the patent

T RO S e
posi tHeoee, thapresass inyeryien pr@h@p agibsiraie devinggm BY-abs¢ring dyg as dggceibed above

é#s%gsgtf t!hg}&ﬂ Prgferm}c ﬁle g\ﬂ)ts@altel coﬁﬁs&Wn 1nte2f§&' surface. Preferabf;age?dy@fs Qisposed in
|nted mfrg bsor t|v on g

n

PRt Foe] B T e SRR DR R e Eﬁf S5l e coded dat
iNg & inflindtivasfee idvanie biarpgidh iteu. @referbly sthdxodedtdata ishigpdsedreaer a substantial
p%xgn % m?e; ce@vﬁ'ﬁhé of d%%%@e (p%( gﬁaéqua.'nq{)‘)%t g@Jaﬁ‘:r ﬂhﬂpﬁ% or greater than 90%
sensor wth an appropriate filter. Atag is sensed by
oA sr@e)-i nage sensor in the netpage pen, and the tag
dat a Er&’eriﬂlﬁfhs Ribbttaeeds IRQeflcttve b th@thp a@ehssgssd tBdRRod infly bdtetected by a
sgr%%r ev1ce nl'tlelée %@%gtte ﬁmrafl Eet c%mgrtls;q' § arpy Gltalbé én\rédteé:d?l S\Eﬁ gs p@:ﬂgcs (e.g. polyolefins,
I’S’h@ﬁerse I?Oé}ﬁgéiesremah R§Per] el Ol'Pa’g%maéleé ﬂ@U’Pf icie nt ly small

and dghgehik BsliARGSHe .tsdB@ltatetisrb@ef@ﬁ)[y a(baﬁbr ErRdt E&bi—lj{peﬂdﬂi&@ﬁpphcations
e ta

t | east even on
b &P P Rl R-Bahe Py fieoibe A« gt PR nppay. o
apbhelsiagrromprised/d plgstics paprrane tdmbivatigng theredie page, since the

| Nt enagdi:@hcd »%thsff rﬁL@%pphIﬁlg& o@{hgmecrnﬁ&f th€ UbERR AP bd/an interactive
encoded to nmake t artlal I%ﬁant to surface

RERAHA R *StHer et P e earrete RFT s FramRg gy e nerctive
ppaige itnneimprigey: f or each printed netpage, allowing it to

mai ntaq, J&u&‘ Qﬁﬁaﬂzin?ﬁ:hdéﬁ& of user-supplied values for
I nput s I n description for each grl nt ed

net p a’l@ glterface surface asso:fxﬁtéd Wlél} tgq Hr%x}%t Hprb arﬁié]f"(/%ﬁsl’?sﬁ ﬁ?ﬁfj‘ énformaﬁon

rél@mg tol thet pradict itérh nd|2adpe ddtd iSdiQuA e tha Riehntityhe tho piodiceitkm, wherein said coded
tacm:%?e ?R%Aggrwﬁilﬁgféegc%’ngdaﬂw The printed netpage may

e par a pri net page docunment 45. The page

instance i s 15associated with both the netpage printer
Mbb@f&n@m;,ﬂ;t[@@h”ft and, if knovvn the netpage user who

Lg ? g q\%g?% gﬁ%lgatnﬁ%s of t E:}lxlls ubverbtlon %lrg geos%r}bg %:gelrgfﬁl{u}e]thél §1Xﬂh Sseverith aspects of the
iphition tboga, theg@eglx mrbdtiens of thlemenﬁ@raregk@rfgﬁdgewgwn the eighth and ninth
ag;e&tmf@rgng,gl{t@ngggee product item s |abel, packaging, or

actual_ surface PAGE TAGS 1.2. 1Tag. Da #0nt en i

201 n dPHF &P iy 4}' I LSiERivr et TP S PRy %feoﬁ‘emﬁ‘ and

Hyperlabel ¥ hird trada e p&Silverhaiolt R@edrabPayt LidnAwsfraliah dt witl g appreciated that not
r}f lith‘en entgtlothe\gﬂl %cesAﬂEf %leg@yallaclrsege CRAnk %T rthef 4p§ﬂ§: d@ﬂilsc léhd extensions

ereglon as a whole or otheta or
dﬁﬁ.}sgd P?I%mb'?lft§n ﬁ;atye bagig Fystégealﬁweéer, thy sg'ﬁeé)]l is gespétgd g]éﬁ g}oﬂﬁomplete form
6l RWice he Tnébd [FsrQXietlal réfaeddb atda dremnbitiag tol inéerddnd ehefcortext inovhich the preferred

?ﬂﬁslmen svglthftltl rscl‘,ntx Ve% to%eragea of the tag, w thout
€ sensi ngp evi C avi n orerer to a descrlptlon of

the r el summane tiscrgderise fprmal/the pomREeREPp Fraploys 2| cprpRufes ingerface in the
& of %Qﬁdpyeﬁ sa#R8 "thdt D2 \WaRRall sBrfch @hié® B&ltaﬁlfs réferences to a map of the surface

RS (e BRSS T TR RrtrTiEe oAt TEpEy “Lapelsemine deic
Depmtliag vion & speaific iyplenegotimi thedan refeenieamey La,q gngeded, vigibly or invisibly, and

d\é\ﬁﬂe@rﬁ s@éhqiswéy Riat & Bkal qﬁ‘e}ye&lt th@xﬁapp%fé@g biels ﬁﬁﬁlhﬁ&%xohsﬁnap reference both
m nim zing, the e‘étfeect of i nduce

P e Gl yPng Ao TePh g gep%le%wsw?hfém f‘g&? ﬁ#&?ﬂ&%&?ﬂ} features on
tltei thapell B faed) ad @clp@fpenation chn & etriguddftiagei on trkagy re§menteds swppiikd by a sensing
densely arranged that the pen can reliably inmge at

| east one tag even on a single click 30on the page. It

is inmportant that the pen recognize the page |ID and

position on every interaction with the page, since the
interaction is stateless. In a preferred
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1. 2. 2Tag Data Encoding In one enbodi nent, the 120 bits

of tag data are redundantly encoded using a (15, 5)

Reed- 5 Sol onmon code. This yields 360 encoded bits

conS| sting of 6 codewords of 1f 4-bit synbols each.

c%?glrger 1(eSC Wi 5&1 Cog&i ds%rlleac(e) e mPorma%ot? th§syrre‘@81ed garnrt&re ﬁ}atf&nl?)?actlons which are
igifipteroly tb;q'qogxputq:rayséentﬁn b@}(yﬂftoé ﬂlggpgfafgé fn r@s@g@mtae operator’s interaction with the

s rdmdad t synbol is represented in a spati aIIy

283:{/\2 FH§ pg%(e ec{I %)fﬂé e}re @ga g}%%glir 151 ? tHé\?ﬁ??(ﬁlcthn 0{1 aned hulaan interaction with,
1ktpegss. €ihesa ragsspagdsadl text, lpxapkits @ rmagey anlteé ron ordigfyf gaperi bugy which work like

ﬂﬂéxlaétivp lzv@o Jages Iﬁﬂﬂﬁa’n@d 145 ¥nc@&gd e &3k F&é fis30 g IQ@HiBQ% su@stantlally invisible to the

m ni mum nunber o ynbol s overa m ni
wpided\hmen eye- The | 90‘661’{%‘ 0 Brerslor e °°i’°ﬁ3%‘a ﬁ%ﬁeﬁ?“é‘iﬁﬁéa‘t%’g"aﬁy imaging pen
dnil kalsininalyd the hapagt dysethur st error can be fully
corr ec¥nq.g%preferred orm, ac 82&% rﬁ rlﬁ&! &rea&l%'a%@&k b@glcfe@% the pen to

code can e use I N pla Sol onbn

e infrgitiop e HiedetwarkRe @cF‘gS%iIPE?FFfﬁ‘iceé é?oPe“eWOEIhseﬁ‘ﬁfr & qgf embodiment, text
WIe&s by ﬁﬂlﬂ%ﬂ&%ﬁ)age\ﬁ& hudtortdnellg addepniaed ghid fcbeedtto syniHnet tegrial the netpage
C VoL d _si.zes: her S

S S0 50 RLPT, LUGE SRRl b RS0 5 0 e
ap®matioallyrwatified, agmpmwnswrcvwwaérwns Erbe sreurely Awthasieedsy st ens

for Di gihilrale® m@&@ atd tearﬁ&paéé @rcﬁgl%preé_e’ﬁteiﬁtuhté‘r&:tﬂﬂafohn which can be
the ¢ herein i ncorp rated

q’,lﬂgéa g)rbé/ﬁ s?rﬁgtﬁ-l @F}g calgf, on the prmte% PREe arna eelec%r mca \rl) pVIa fommr%catlon between
thespon ghdsthe hatrpke' systert. &liha exaimpls shoivs a * ‘Bequestjcfereh qoefgma napjegangh address fields

a%& RShEAgk RV G8e ndihSe SRNS Gtggr%\éld% 2?&%@ bgnhlige 1R, ai@ @oded data 3
least one entire tag in.its fiel Vi ew no nat

}ngii as 3 ff)nF(ﬁlén Pfetggs 4hus61|g 1%‘\1151%% Tgi: f:(gﬁfpgixqu@npaget dqsc§1ptlon 5e stored on the
esgdetne@iatkddescribes the tudividedd ekineunsedfalre rofpagehir faitiobld ipdesaribesvthe type and
;tlaf Q%ntz&g% op&c}gﬁt\%@aﬁ/ﬁ L:lgmt%p(tl Q%’x?ﬁew& bé’ctog NG éxQleQ fto Llpﬁl the netpage

Tag Structure
snwft?jru focomzEts ST appigga the n?twg% i ée ffua?l}hbmon {alfr P2BPIfi haha zone 7 which
doBtsporPED T0 §tidl Vﬁeﬂt &rt@&bﬁesﬂo?ldmér figphicd8g 726 represents

sixty : 1l?lu t@? e e QPC%' 19 7%Zafenf¢c9 ortft of Qi is 86wn in Figures 6
As BeRERE 18 Sbbnkfor o Ohhs

240 bi re Fesents eac one
s B erdicreitgf inen reﬂ mw o BrepEioRs i 8 ETFARRSURSET (PG Ve termina

BaGH natgagé BrintdR6d1. P rlefpre @hﬁ&n@& Iaémett b&me%ﬁ:d @ﬁﬂ&ﬁ@ 5@!3{11163 ﬂaghome office
ot

¥ gagl e usey H"P%Pe% l?’l\dm%sf anlg cHrgmurBﬁa% S sef:uorelgly th US t I‘ e networlc vid a short-range
1pdie JindYeshortiranggiokrimubieatinnis edpytdta the nbfpagp patwqsle by ¢ 19@1 relay function which is

itRdr glﬁl;eﬁdea ERnARS Wah Rehnih g o%tpg’ég @fnﬁg Jl) ?stpmﬁl@d R s@faﬁ&trela(l{ device 44. The

tags. Figure 5d shows a square tiljn 6

Y BRI SRR Y £ PO et B Sers i OB aarom sorerans
dnfh Bnglt-agerahsuidatidninttags . Using a (15,7)

Reed- Spl iﬂnll% b 3listhAlAre Ein h as a USB or oth
redundsgln?Fﬁnggﬁ‘%%gXbo to @e'ﬁ agéep62401330 er?code%m%ﬁ %ug.asa or other
sq%cweavoncte@é%rwgb tefpnal, Wc‘ll?ﬁ? RG] el |y wi t hin

t he t aghetrﬁtp{@)phﬁﬂ:rml fa@Eelfdrie® 6 off whidh Uy SibwieinFiguses 9 to 11 and described in

a as _before
more He’glpl%B 5 fls abl?e E &eg% bpeflod?caﬁ)y 508 demta!;[HhZ) rgAntal(i)z@%ear faﬁers magazines,
ontalezso amlslremgi etflertmbhc@twgs &l erigled pgfiehdaueliyy e tintestréyd %Fﬁ’ages Unlike a

Jel38ial coRBktGNBOASpagSRintePBtin %%&Swma‘h caxaw fof B, WIIAGURE] adjacent to
struc le tar 0 sa

s that rese
S B AR EIPOE R A BY STt B Rp oy REY Bt B e or near
thmkwhecrld’s avig et deparmee foo the rdayy alwdomGSNalbh@thslqtdpepmdge and miniature
JIR¥ncontain an orientation feature to allow
di sanbi guation of the four possihle orientation
the tal q?ﬂ@?samn% 3 dheyr otk o STFUPHeHs I it PRV °%ﬁapef with the
tinkli@e adihrecivy bian andeedeinedivar i ent ati on data in the
tag data. For exanple, the four codewords can be
arranged so that each tag orientation (in a rotational
sense) contains one codeword placed at that
orientation, as shown in Figure 5a, where each synbol
is labelled with the nunber of its codeword (1-4) and



10

15

20

25

30

35

40

25The netpage registration server 11 is a server which
records rel ationshi ps between users, pens, printers,
appl i cations and publications, and thereby authorizes

various network activities. It%authenticates users and °
32;? s a?ﬁ 6}18 ﬁrﬁégg IZSt% Xell[pagen b gn:%cisrac% w1t?1‘ H1e co(:“dn 5 (lla?aaoglggrinted netpage 1 (or
treduchilein 20 1) gndroemmglmates e n@eqcmncvw Sh%sra@e S@M 119’@8 tozf3ejqpi The relay sends

e RRIPHG BRIV M¥iBdee ;la%e @b&h@'f&Sm&ﬁEﬁﬁo‘it RNhbpropriate circumstances, the
i nformati on about ag escr i Epp}ons an

PR PTG B YA e Fut R AT BB B W eping; on 2 neees
qpalipetiod Gerves &3. The applicgtumiseramdy inrtgm send @ kespnsefhich dgpeinted on the originating

ﬂrﬁé} ances. Since a page server also maintains user

I nput val ues for each page instance, clients such

net pag® i FIreTe SopdmrRbt Bage Meh (Rl BERaeS; PR éelay device may

@ppiaiRtd @iealypagcoabér\ienote fplicaiagefiges, Usluding tadodgak @trgmote Web server.

l@el:;(edfé/g C h i R(chnutgé t@géuyg prﬂlfgd {))htﬁe xqegﬁge aﬂnﬂtrexl nganoaflso %Q&iplayed on the PC or

corr % D server

Wt t@@mabsnddeygvern@ﬁecﬁpwn Ba scspp- '?féq#aaﬁl& HHIPTPEY ereagnixture of the two.

I oad- baheaﬁ@hgégys&fn @ﬁugﬁ cERIAMEE B mdtE donkdnSend itha blefrat dndbdiment by being
S?l?(?)g]uu% %h RARS Im?c%ﬁk&%’é%%&am%? rﬁsn;re ) based mkéet (Memjet™)

mintyst pageeprgfageé f<|>rr13 qfohm fethyolp gy refpgyahiokish-werdrasd élgbﬂuatﬂbi@nntmg is made

st ?ﬂﬂcﬁblp onsaméry & ltsl'lf?é'fg'}eﬂ ﬁﬂmtarh%tlpé‘g@ IphydiS4eien BHs g pﬁ)ﬁ@ﬁ characteristics of
i NSt ance

I catlon
SR I 2 DB AP HEPSA R G AT P sides bound
tégerhet focxge npuatiorcad carorgble Yadlingd | s an application
server TMe%%%\@HptLrl e§151§§ tﬂegtrm%edvgfaﬁ FilrSadbd Iﬂr@éﬂﬂt@‘eﬂ:@ess Cable service

printers e servers can be hosted on varl

brveikil o124 SAPYBIO D PR FAS PO REIRIFED i dr e oatpend Inemet
dcE2Rd is HewdyatdilatRawe Rebs df thaad) ThSerpagelihttr cpd dsoedrpagigh slower connections, but
»g% rsde)i%%@ g and %Q&IQHR%%%BAI% ﬁlg%e d JB%Lg% sﬁg:ﬁltcan @anbﬁd using existing

e‘server can
e inegs e loer BnfeTsofitheyeh U HEPy Yﬁ‘H APSrEg mpye ébeéad W heretoro e s

d’d&bﬁﬁg Bor® EEdhﬁﬁn‘ér s p’iﬁ}ﬂ of Viewp B dile€4tlbadimbrg thé hdtibd @rah isthysted on a private

1§tiran%t Ig éﬁch &Yer € oalmgnts ;lnlg a%%‘ rs]3(/jste'r:n 1S {xcp Q8Y6h D&l com%ucfe@ U cogxputer—enabled

pfovid I rec n"a netpage appliante suc
GEicaswkispageepri nter, in a conputer workstation, or on

a | OcaNetBa%te Wlkauo@ ger\flz;gHE Ve &%&B&Mﬁ&e configured to dbher print-quality

net page printer

QHBIQCP%()?\% Péﬁmeﬁetpﬁntfrﬁépeﬂ%df%gpégyoﬁ g&%gwgeé?qwﬁatlcal% opsuléscnblng netpage
et nen beinteisting eanh mehltgasting, ingerst bordly tPersepalizBd eblipatipnst as¢ filtered and
mtt&i I B 19&1{11%ﬁfserpgf@g and is connected to the

net page ne via a network such as the I nt er net "

i deal | ¢ nﬁ-'tha&e am}&‘rf 65 SPRIEEErHA SPPITHTRY YRSE §f PPScipift 2 pen'can work with any
fuchB&tdf ndtpage dnm W fhe prefe@td inp@Mentation) Gachuoipade| peie hayempiqys identifier. A
1%&%%?01(? rtngJ AQG J%oh&'iig{ of%&%@h%ﬁa%nsl gnepagsli Ecﬁl{) %5&1 m%kxgt{r e family. This

S a user 1Is concer e ne
fél@ﬂ@pqz}p}epser to mmé distingprefle Wlt]il ﬁa@@pté@glngtéqgﬁ P‘é}&‘F‘tﬁ‘g’é server or application
eRace and tinme with the hel p of the d| stributed
22: ngg nga g Secra}ll g oS belr%glstere TY] eanrge a%le r¥g1s9r txcfgx%grtvérqll“arﬁir linked to one or
meEc pryerns cas@ntpsoz}lpis (i aﬂwsmmé%mﬁwo b S@?ﬂr%eQUﬂla@@d using the netpage
ek bitk ‘ﬁéﬁa‘g@fég@@aﬁ&?feﬁfer% g@QﬁE Q@m%&&ydh&kfph@%ﬁwh a previously

In two arts out s he actual text
T e bs eere RATGH ﬂ? i PRt e Fcpioepi i bomeies
il alpeesisadad verifit idaity. pagreionl dyhrutega@ Ien inghwies Akgerprint scanning, verified in a
SREC WY 5 tﬁeqeteagppeggﬁaﬁua @veSubscriber and so ar e

pol ntcast to the subscriber's printer via th

appr opfitepgh 3p‘§§’ége§%‘flﬂ9"e‘i“ay dplivef peé‘ﬁ‘?icallsrfﬁ“d‘é’s js J‘%’E’t‘% neyggpaper without user
ihtB®erfibd) @ anba ehfig@Ednetef i dehvel ynsalfamadguahk wiall.in ¢ faeferred form, it only delivers
subscribers, and so are nulticast to all subscribers’

printers and t he appropri ate page servers.

The net page publication server optim zes the

segnent ati on of document content into pointcasts 20

and nmulticasts. After receiving the pointcast of a
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32 1. 5THE NETPACE PEN The active sensing
devi ce of the netpage systemis typically a pen 101,
whi ch, using its enbedded controller 134, is able to

capture and decode IR positioqntags froma page via an °
ensaor nsor _is.a tat Vr&g unlik
peno alasfr n s%shnbe or other oseralnta?nze sorlrtceesr Infﬂgls re%)ea t? I?eg)qg }J) r is ea

fa:t mmhiny onverpail-apqqapnt afhlebjls Blsth@qmé irgk mailer who @eg%thfr tBlelawilerPumber or email
Jqekg detail below, the systemis able to sense when

he nih is i ontact with the surface, and the pen is

bl e t m@@ﬁ§§$f RORITES 8Bt ficient rate to capture

human RechdWedt tiodry in( the eystemtis RSGbadpiing? UgifiehVedelizpridnd @@ (UML) class

cl"?graglr Af @=¢ ﬁﬁgram &B&Q:{ bt éep&" &ﬁ&tcﬁgs%gcogyecttebgy Qﬁﬁor}sﬁps and two kinds of
encrypted and wirelessly transmtted t %rlnter

rflatlxonﬁlgg éreéalf éﬂtqrcahl)ere fiqﬁ(é)l ?I}S mubgeng?hzggg% A§1a§f""[l jqn represents some kind of
eladoBshil Rtwenrgotides, idabeawaan ﬁxistaﬁoescﬁfelatsei @ geheealigdtion vanes pang classes, and
c‘i}i Beu&lzléf{t&d m]'tgegfgl@%\x}?r{ %a?r if ?Qa?{?ﬂx § thQ;eI(Jf Qﬁ oﬁ}&ts‘a?ﬁﬁ class, and class

‘gen oper at es nor ma en"and as a

ér?.gﬁlﬁfaﬂéfaaﬁgl %flcg?éfsl% thenrﬁ és sl Wbsetag rf’e gp Ul‘ﬁ]om%?t dxrchy support second-
@&*m&ﬁﬂﬁ§&&h&m&@&bﬁ&kﬂg the netpage systemas a

br owsi E% Sétlse % Csell'IsCaEr g%ngm%%nlled w1t!h %hr? n%x%g ofRe a%s It %?ntams a list of the

| nt er ne s re

agtiiptes ofike ﬂ@ﬁ gg}gr@teé frem @mnmbmrla)n@hlinq Lpad ) of thy gpgrations of the class,
sgﬁaga%@roﬂa‘lhe%m 1548 2 REiPRAYLind BN EHAS Sadin@ Fh@dBYollow, however, operations
reflectkﬁg pen-related i nformati on maintai ned by a

TG EPPEfon server 11 on the netpage network. 15Wen

ei t her Ampdsociagion in deen sz tineyipiping svorrddsyya getiontllydabgléed at either end with the

xgﬁtqu}lgnm R ds§o§1atﬂ>9 STﬂe' &ﬂul@ﬁl@htlﬂfdt@ ﬁt (ﬁg Uanas{ngka(t"j M@ a multiplicity of
Ihe page. The nib is attached Eglrce sensor,

TRE bt ¢80 ShTPHelaih B3sPLation s ?Pﬂ?’@‘t‘%l&b ef ¥ith Jorans E‘% is also optionally
liHeNed s eithelr dnd viith chiegalt ef thé edrirgpondingeslase An iogen"digplondindicates an aggregation
" « he page
atssggﬁde&n,( éngf‘t 3 ?Luldqy\@a\ﬁi dt HLE ?é’g?eggté)r\égd (ﬁ Itk{% qgﬂ,llart]llgpl’ulel n or der

to r eqﬁ§§rterah§1gc&n re]%llwglll%{s-lagﬁs §r?\8ha}s & sﬂ@tlwé joining two classes, with an arrow
(Inuket th@r oTed @en kililef NlteQeremiliaftedd.ed as a conti nuous

val ue al c!lass Bxy él_lﬁgkr(]:rel uf u 8 en%uﬂifyg%r%rér%% %&f cﬁisss\i/}gcma} gl%ated is shown

to be verl%

vothjaalpghert quiline @fall put the yjajn ampygich é@fgx&egé It Wh@vm\@ﬂwﬁnbuieﬁ only where it is
defaal Nnfrared spectrum an area 193 of the page in the

W'cini Pof the nib. It decodes the nearest tag and

comput 4958 position of the nib relative to the tag

f r om t Nepaebasrthedelngatins predtidhaaetdigs heswark s huibilhemsovidya gengr-based user

oD PutiliRd RS TR hveQbrvifie pen optl cs Al t hough
the position resolution, of the tag because

the ta) "EHRASS PIS/StHef aprEredeage (oF athgr s §$‘8)‘ i@%ﬁ%gmtﬁi references to
ah ©nlinh @estriigjors b2k, pagehn @h@dﬂmlsﬁagddep@@udnl iDMainteiga| patsistomily jbg a netpage page
sg‘%rtﬁw g%fg Pescr%%&ﬁﬁ&%gés AfS %WIWOWM%&Q %%%a&@ Ifhcludmg text, graphics and

qui r or ‘accurate I'ting reco

“P%&%S HcAlsp dessrifiep fhg fpyeslemgnty o e B“‘&&én%ﬁdé‘g ‘é&?t‘% P&&ﬂ% gpd input fields. A
Szl &1&)\»@ fnaﬁdn@ﬁkzﬁls witha Sdigagd®n 6I0IBS Tk Sto B¢ siBulGaudN@eued and processed
Q%&ﬁk [ ed pen positions on the page, initiated by a

5 J%ﬁn &Vent and conpl eted by the subsequent pen-up

event . Mpltigle mefRagey gangghare they gedprags tdpserntien. pgyevarpfos@lowfinput through
otﬂaﬁvdé @ieﬁl@g%aé@m%m)@ Hi@tfngﬁlﬁ@d RAM fethd: £ RANRHRZ unjdd fa kb, iddAMEHL This page ID

C|rcunBtance ment of the

is at the conmengce
ey e BB OB SR A E RPY B ETERT cot i on 826
associ ke cfaminteto itte pagel degviptivg istdnerdersie  piwedutes. flby g Blopifies the unique
p@é@%nm% éﬂp&fs %H AHRbF I*nﬁrrec’;g'1 ﬁerﬁﬁksqgg f)a@@ dds gﬁénm?ﬁet @émﬁdldentlﬁes its

to al]ow the systemto discard af efined tine
OB Pesign °“r‘ﬁ%pa§%ﬁ“aé??fe“§'é? Fheizsnamg 8??5’#’%‘@?0’2& F@L‘i’e&ﬁv of a
page instance. It consists of the nost recent digital

i nk stroke captured through the pen relative to the
background area of the page. It is interpreted in an
appl i cation-specific manner once it is submtted to an
application via a selection hyperlink activation.
35Each pen has a current nib 824. This is the nib |ast
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to interact wwth a netpage |I. The coded data 3 of the

tags 4 is read by the pen when it is used to execute a
novenent, such as a stroke. The data allows the

identity of the particular pagg and associ at ed °
interagtive el enent. t t.ar t

of the‘f ags Are p rmtec{m OSI gabsglﬁg % L?( {ﬂha'il? gxb% “ﬁ%{’,‘{,“gﬁa% r&%@twe such as
qudivpey pqperbgeagbxﬁg(pci—]g@j/elquﬁ@ are”gﬁlsebéq qoﬁlgz lymraeyle dut are easily sensed by a solid-

&aﬁeﬁﬁ&é@s&k&%thgnipbﬁp&@mler where it resol ves VI a the

25 the.stroke inta work .
add r es§ mdggs %ﬂ%g ﬁéi“paéeﬁ & PFaFE L E er%‘/eer%e i%f RRRiC t'aalf %asnsmmd fo the
tetpegecTtme sip dirdiemrgst petpree StiiarcEhedBO is Welelsmnd Opmawsqﬁet with the netpage

Jn{ﬂ@r w4 5 Qﬁgﬁ ratn& é&?@l&a@aﬁs SE ¥R ently dnall B BRUS aBSed that the pen can reliably
recentl S¥ dentified in an earlier. stroke, th

et & ?ngagaqvmwmﬁ'awkﬂ ey s Bt it FrBggnpize e pose D
A PSitiSe biv Skryiifterhdrisn waicthe pagEambe theinpagen GOntegrilesd $agy fregrror-correctably

eSQJIPaatShal%%%% daﬁxXl%Bler?ig cQ@éiinaQeer sistently by a

net page page server el ow). The page | ayout
r ef er s ThedieBise @ege sores pingigs § YP&@% gage oA 1 g prinisd @gpags, allowing it o
théntdin atdysphot 3dtloy usk-appidtd ehls@wbeput Grlds hrethh @hgsalgeription for each printed
BEQetmork When the page server receives the

Bke fromthe pen, it retrieves the page description
to whi ¢ie reladonghin bek‘@ceaptm nagss desm@ondgleeqagﬁ wyance,gnd: fhe printed netpage is

BbaR Ploueb. T %nﬂ&gﬁtpdgt%s&ry i %drt?ﬁ? a bmedsr;@@é Godui;x]ihﬁ ns gad §a.ge instance is
O Lnte e e O e e Co
aéﬁpclﬁtﬁdewlpﬁxﬁgl%fnet?ﬁg p?néeir E}%{H{mnée]d ét tlh? ne%)ﬁge user w¥10 requested it.

st r okeAwsreweintFigeredi @t arreee sptrdses mmaalweble mmteld hréth pelryswal object such as
aqﬁ)&fﬁct RER, 'f(';r e%pﬁ%eﬁ Qﬁte@ antS ﬂlp SR’ sRBI, 1%9ka€x9§ ot dcRA surface.

are both less than some small maxi num An o j ect which

1% act'?‘F\TB’t“@d‘ﬁ? aclick typically requires a click to

121 actTagdDatalComtaot accordi ngly, a |longer stroke is

I gnor egx apIc#? E?olnln%léc% tz%f i Ehe@s%‘oh%hxé“&l}pé% fd the locat1on of that tag

sIo to register is iIndicated the |
\@fhmrt @ﬁg & g [y :thqéoxﬁzéﬁ iﬂgs w&gh rell_amjo the reglon as a th@? %r tg It}@ tag. One or
thoh® ﬂi"gl lﬁl@&la@ffoﬂ eﬁﬁlﬂﬁle eig@n”e RdgSserising devive ttg arg@dgoaeiBack indicative of a function

asso?1at<r:d wg#h tg i eX1Qte a ea ?e & q’ltflOng {11&8 genﬁ!lgdcﬁmé IQQIH% %otrg}le’rqyg Iaescription of

can a tion
thes weion- 2t @eipagy Per Mpy qu g Eﬂm@ @ENF@ES@FQ] PP @ken in the zone of a
WpetiikN MECHANI CS 340 Referring to Fi gur es 6
and 7, ener al nat f eren
nurer af** ‘_’(@fp ’qohec%ﬁ%ye‘g‘ %dobue g’lwhlgl 2Pl m‘%{’ 1}?9 Cr Y t?g gontains an casily
rpdoggzed ggamm}h'ghumgwhmxchgmmMt@tl@@@ldd@rfch Biskg manlmmleng the effect of any

vlfapﬂ Bdced bﬁ@l@@ﬁfag@& ng:ﬁe Mtﬂr&gsstﬂ% t&@@re@e%mqn@fht: %ntlre page, and are
pen top is in optntgeatlon r of abl%/ém)un

GBI S B SR PED S TSR P 7S By o @ sineleclik
o akecpagel Qs ingposac thatabe fed réchghizo tpasgd 1D @ gositD8 oo fvetyhigteraction with the

@?%ﬁc@%e%@@acg&ﬁnsestcg&éé?r 107 is also of 5 noul ded

ormed from senj-transparent naterial
i n or dBre prederish eipodimenicthe rsgipn o Fhigh &t RS Oingifiyg &VitB o s page, and the
rEgEQ ID'QhH&Hdﬂdn ﬁh‘: faQ is Tﬁhefehﬁe sbﬁtﬂ@llndﬁg with the pabh €D 6fakeatageldd Ahich the tag appears.

1{1 s er em %gnqa %he iy ?ornt %xjgfe %ﬂ)eag}lt Arﬁlre! 1%%%1{)9 Uf]gﬁage or other

hou5|n a proj ec
sprgace.- |F91rPX§¥Ime Mﬁln@hmﬂﬁ%‘f@é’lleszo%faé R ifergpHvE Plemgih PW}}%‘M‘SG g gegion ID can
Fﬁdeﬁtgym@ 1nRiaBia ele@ént.€spondi ng sl ot 111 formed in t he
e ol B RS B e o L A0S0 ARl 0 oy
alﬂomsii ulgto 1Qnbits, BertaiDiahieaaldditd 2181 the remainirechiits gre d}@calf@ to flags etc. Assuming
és%q% Jiéﬂea ﬁcb\{tez[g Iﬂ)QJprr'Esea r@grlcfn%ﬁg @ﬂlpttd'—’l 0@55&1@&&/ fches. Larger

a met i ece ... 1 ncl udi ng‘ Z’S ondl ng Screw.
e et be e eﬁﬁ%nuw&ya‘rﬁ Y BB e e PRy sbutting rogions
enabl e ink cartridge repl acenent. Al so

mounted within the cover 107 is a tri-color status LED
116 on a flex PCB 117. The antenna 112 is al so nount ed
on the flex PCB 117. The status LED 116 is nounted at
the top of the pen 101 for geood all-around visibility.
15The pen can operate both as a nornal narklng |nk pen

‘A oA~
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stylus nib 121. The IR photodi ode 144 detects |ight
fromthe IR LED 143 via reflectors (not shown) nounted

on the slider blocks 123 and 124. Rubber

gri p pads 141 and 142 are prO\Qigded towards the end 108 °
0 [ Qa8 1bo I.p.

ag!l a1a}€s Tpe B@ bQQ'e on, D u deg - C or a lgfél{?)g tttﬂH(%)' t?gxgn)ltgf}e’r%t regions to be
tpﬁnd}l@@tlﬁ‘tﬁ a pocket 3. 2PEN CO\ITRQLER The

222 101 i sTag baaEndodifg determ ne the position of its

Plrrggl( f’]{j‘y‘!nf’ o] clﬁignﬁ}‘%f%} a]lzgI ! k ?r Imd andr‘l’ﬁ%lcguétiL en%(’d%%usmg a (15, 5) Reed-
Blombmende. i This ylakds Mownwﬂttd)bltmonilm ofiblyodeivprds efd 6 i symfbels each. The (15, 5)
clo&caﬂgxkfsq{ﬂ t@@gyﬂlbglregws e chRaE LR cddQFRd, 1O id t@ﬁmnt%f‘adsyhﬁol error rate of up
arranged to calculate the distance of the nib 121 or

tq 30 RHcodP¥PIn t he | ocation tab utilising optics 135 and

cont r okdce#-bit kyinfbolli8kprestinel i @ statiablly keherentiwap inltBxkag, and the symbols of the six
CS&L’VSM Q‘E %%erlg gd ggtlaﬁ}u\%r%d tgé’]thé) fThxts Qrgurgsetﬂatqlggrstteg@r (an error affecting multiple

nce fromt persp ective distortion
se%lélé*r%epnbws)t %@ageﬁag@efn%@lmber "ot symbols opgeqll g A rFegger of symbols
@%Bn&@&@flﬂ&%ﬁﬁﬁhﬂ&gjﬂe&kﬂm%m thd Bukst @Rst clin'ta fglytdrrettie
di git alkn I mt(abg efr?r-c()rrec g code Seodd L B/eou %lgge oﬁg &y, r%&?d %ngmon code, for

package or efficrent” transm ssi
exarplee i Regth8qtonmdnecogrewith goderpr degh geém@ﬂnca Vidhc®s vasre, ortdpféerent symbol and

cgdleg/bltdaslxzesi @koﬂ(iﬁbl@cld &dd; r&ﬁ%ﬁeﬁeﬁﬁﬂncﬁ&f dotle, |s§chfa@@r661(§/oluWﬂ1€lrbode (see, for

eBeHx?pﬂe ? 3‘% fch eo? Sgrﬁrtoh text‘n%a %gs%ét% C%I ! %%calrugnﬁan?% orage, %’rentlce-Hall
199ﬁcthactes=ntaomcﬂ1@meram egTprEdediby rdracethetttoh t al i nk dat a

for apprpxdk @E@LMT sttt %re@flont Q@ﬂ PR ADLEViOR stliBg device, the
surface) and can tgr ansmtted

SESHE AP Bpst onpte g seaf 2} lgasi gy ﬁ*%“é%%lﬂ i ﬁf‘éd s “raFf‘ék”rﬁﬁ&‘:g the region or
afl @Batiofierttdtien pan pdsBidned FTlgurair81 digneter oF g Kickli dgfeanaf the sensing device is
' i e architecture of the
cﬁe'réfé%ﬂ fxﬁ&lbp&'tﬁerglzg%rd§pagﬁ% ﬁt*rﬂlée SgE‘al o5 Shous. 20
1r7e1°or esTéﬁtszi't‘FB’fﬁ% of the RF chip 133, the inmage sensor
132, thgmt ba OWOE tag Uaih U folnDofltdH726tWit fhuR pedspettive maddeisAr. The tag 726
r%presen%s SIXB’h 1tq1d:e(BS f g)nio%?iym eﬂ%ﬁ foli’ E}.Qjﬁ?q‘gf%ﬂf()e ﬁg f:jl“oh}t:1 E? reF){ggeﬁtg each “one” bit by
thehpresenc8 4f i anwhrk 48, wmfeeshitor &1 4 MAgodek d@é§§ér ‘zqrg’5 bit By ¢hey ghgence of the

c@rﬂ@@n&ﬁ R BX @*‘tk@fégﬁ s@cfwsdiagqﬁhr@ﬁﬁdéeﬁgl of ﬁ’lﬁ@ Qpe B&rﬁanﬁkfg 4l@ne” bits for
2 .KB

ot (I%lﬂlg)ogﬁs g[h\gﬁ)lsb(% n?tﬁd tIEﬁ %5 a)ersrﬁntlvg ts ar_etadgsx%led t0 ]ﬁe Fhared between adjacent
tapo FigoretSd sho¥wd @square tiling@h tpesels bl acpelmﬁmntimz h@mamaﬁe@gvf gipy A which spans

ﬂ(erd@d@,r;aiggft(vgga%@ sensor 25phot odi ode 144 to a digital
si gha senilﬁol nterfa

i or 98 (4 EHR RS PR eS DL o P Sy efed o produce 240
ef@Bddr tok.| B fdub Sodanatdbas entcdeavell phtiatiyiiwithill Bk tay © naekiguire resilience to burst

eh&g lAnggﬁlqngtaq 6—%@‘3% EIB qu)gfoyéﬂ &ulg aﬁolazg a BEIOE Bj & uilx %%Z\Mﬂé ch
an and

I ncl ude - Circu resonators and )

i nduct B}esdatweme@ Wﬁ“é‘?ﬁ?@ &4§ @f t%lfh@g aRdeygied Prot oA their neighbors, so that
2ERPY §T@dgh taagot @foaﬁbe SG@tured 46t xe-s'emblu tgetsaTlds d@cedesik. The perspective targets
ahow &ltcectlon og%t %iﬁ%%@r %ts are n equ Sur face via 30 t h.e

or ce sensor Ehot_odl ode '
144 c@lﬁwabl the tem@achEmn mwentitsm fostver to allow disserbiusfion efdhe four possible

oﬁgﬁ%ﬁ&)ﬁsro@ﬁlg @agrrélgﬂv@ t&tﬁmi @R pkeat MbeRtidN€ cdnddhied with embedding orientation
tr an ceiver

d@%r‘fb gltagpcma.p oK gxafgapgcthf) Ifo&E g&lg%#@ grex I:bcfe %ﬁ% ré—lsﬁ ﬂgat eac%a%%nentaﬁon (in a
rdtdtfonal skinggl) taatain pvedePM@lcdentpd nemtagor, tyshergde FWF 5a, where each symbol
1501%11&(%1&%(3 nhBer %f]i% c@@%@#ﬂ%ﬁ@) a‘ﬁél {hg Hésttloﬂ- ofhhe sylnbEA JRhiS BB S&eword (A-0).
I nterface 152, menory 512KB DRAM 14

Tog fesging ep ?Oﬁ&%s %f.dﬁgq we e COS%W?F} %ﬂeF“élrmBﬂ\%Pé 0%"&%% aglycodeword can
etiprandntsigle RiFinGicatingl vbettibbibis ate dirsRbodevesd) natvo bis imtindting which codeword it
i nductors 156) are provided in the separate RE chip.

The i mage sensor is a CCD or CMOS i nage sensor.

Dependi ng on taggi ng schenme, it has a size ranging

from about 100x100 pixels to 200x200 pi xel s. Many

m ni ature CMOS i mage sensors are conmmercially
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15the area of the input elenent can directly identify

the i nput el enent. The accel erati on neasured
by the accel eroneters in each of the x and y
directions is integrated with yespect to tine to °

%r”[%g Pg ? ﬁpgpoa%hnl%t %Q gcﬂzan%ag ?nt 13 lsag?ﬁl% TY]ata €O ?texft) giscgnh} o%QCOdeword is required, then

4 OO cofiwprdp eqeétqbe éecp@é ot qb@méheweftnml flﬂtaaT@% m@l@e ﬂlﬁﬁ@e if the region ID is
fotdxpstted i BangMNrith o W ghhkPARIId thid rc‘ml'y Bt thO8arEsF e Wirdkt. il a stroke only
%{c@%ﬁo&%&némﬁég}gzn%eg%g c%lcé:eg g?s%?cf ghrﬂ]egﬁﬁogcc glﬁcgrt{{)en‘rergr%t?c{nsof the sensing device
dengestsliopiy aod predigablyokithin agtreke, optyiogdrodewout tepicalicuendsitalicalecofled per frame.
sh (O::‘_ITA It 31&'%3}) i E F’dﬁbé\@@%@%@%f | tQEJ:@ algeP hedN bERinstead rely on the data

The vertic npunt
fsm%'re&g s@ﬁrfg*ft%mg b % F‘ick%b‘é@‘@ ﬁ%lwa‘r%g &3%“@ represented by
dntexypicit glyysh, fhehcplag@m_e Gheprdtnted by M alsbce off angiybh Alhisshyuggs that the data grid is
g;J ﬁ?fa@eq %&/ﬂ%s alW%IMoq;e rﬁ&bl? ﬂQﬁtﬁ’i@& an%qg p@gcht@% %stoxﬁoch detected and

wn 1 n 25F 8ures 1 uses a strai
%@Wnﬂpsa%ecw Fring etz sarpnlipe. é"e&ll%% ipPrgdarisH &Pghie*ﬁ%l cach tag data must
ddntpih @ ¥ederpatieR, arﬁm@beﬂﬁc.&t &O&luﬁﬁﬁily@%déﬁhb ﬂhbwm’lialﬂé deesotidn. The overhead of

s%ch?xﬁgﬂf of ?t?ega? bsesgéula‘? tonHe o‘%l’h%ﬁ(%] e¥h1%hc1t rpeere%tlvF] %9%8 Vaq{clgs n§ofh schemes are

asse
®oEbadiptht resen agplipanty’ @fpe'gﬂlngé’cala@hgan@fh@%%/% TAdiked Al Octgber 2001.
print edheseﬂ@@temer@lﬂ@w F‘iﬁlré $c %&Nﬁéﬂh&ﬁeesqﬁaﬁe taB @240 E8\bk QLT to fully tile or
Sh%‘rﬁ e&ﬂ&ﬁiessed lgﬁal st 11 This creates a final
BHEAH 088 S B 2B o F BIARSCEHOIFANYE i n t hi ckness from
one shétoughon prefprqdaimbirimentsele taglring sobeme8 OFhrébed kprliraanecdbh eingle data bit

dsﬂg th@ g{eleﬁéqu Qosbed of agmwhnhlﬁergdtlgtw BactoC P8 disthst |§et§ $¥Qifferentiated
print_ engine has ader or c

exed
b | FriGPF RSl o5 R éaluearfachcgﬁ c %@Eﬁ?@ l@é‘rﬁw&w‘ the present
dpblaaks exyebnding ACAT applichtivk SCT/RA@1/¢1a74 ﬁlecdge)canlbsQO(nont ains a

Cr o RleNefdAck ReTWdki@ base nol ding. The micro air
| IterﬂllEntEer/#Gacgs 6v1\}th an air punp 638 inside the

print el apreferrgd erphodimgriqp netppge §etmar5 gc{ngétg offa; qxsfr@];té%sebqf petpage page servers
ItOh Getftipd RéREADS sbr@erP ﬂev&d’tﬂagd Iy rs@s&s ab, ﬁﬂt;&geo affptitatibrC be@®rs 13, netpage

pufﬁlcatmfl ﬁervebéhlm \ﬁtb-l;g/l nais % :Egtgagé g%éeg%éw agbre chlfces%lt QSﬁMeﬁ §ia a network

rihth nozZz ncor p rat| ng t
lélsvchﬁﬁ the Ieierf% QSHﬁIWHthég‘E%ﬁ tri dge t he oper ational life
of therel ﬂe{p@é‘e rég%ﬁ&fofx @&‘t'ér\l eliyya J,ei'v&kﬁldcﬂ Qcdkd’ QeldtiohsBip® betWddR users, pens,
%ﬁt%%%?ﬂ%% anél %ggcgtéc}nf )}m# ggre uﬁ}tonzes v%r}gas nﬁ%(?rlﬁ ackgilfégaso It authenticates
1@@@:@@ aqtslds @@ggh@gp)g)on behalf of authentlﬂetfdelpqrq mgpg_heﬁtq:p mqfaetio]g@ It also provides
Hamﬁvnm&t RbdhBibh BBHER Ri QcdtRd la0dvk.ex népape HakeY sefR6 10 WRBEs persistent

the top sheet directly fromthe mdlatéﬁ%& i}ld bor of
PR BT BTTOTE T B BT DT ese B R el og Y mmber of page
selru@i @acl tlarldbuy edubdet dltﬁ:pga intdnea.Bigs 8 @adelsyrver Blie mbintins user input values for
eyc% &tm-g%&réh% s%ﬁrgus H&E‘agg&% e?srégndqggag@ ut@&ﬁf gq}xe anr@Jﬁate page server.

0Si ng I ne seq uentla configuration a
Té*? PAF YR BEPET Jpateh mPFh@Iab‘gﬁ%ﬁhe WPP@ of Fhéﬁ\ﬁﬁrefpﬁi‘db“gtpﬁ%
f I rst ,prnbtﬁdge BN e 15 8Rcatdd doddjhent MDEFY & denp@lvRidatiovides load-balancing of

Serverg al%l e1S.626 her'nrehe position and size of the

0951 A EASad"aRd ful | bl eed printing conmences.

Fl xat i 4aetpage printert ysep B¢ Famen Ristibeipd Nee JysgmdPYShgr piplar, to resolve a
rfelﬁ%e E@rlb%@tmt@ﬁﬁ%btb'bﬁ_aﬁdlr% of the netpage pagd B8veP 843@Kng B doFresponding page
. | rst MenjetTM print engine 602 through a set of
"%’\’i\%r ed exit spi ke wheels (aligned along the straight
paper Aakindge apblication severaldais rserver whidhbkosts zZesetaqtivd hatpage applications. A
nItIB%é sub%@tlgr?se%eﬁllssan Qﬁﬂgeﬁgﬁ se;vglaﬁl'gbh hsheQ ﬁétﬂl&@&cxﬁ%ﬁt@ GRtpage printers.

continue to feed the sheet 60 to the second
Menj et Pﬁ@aﬁ? feFErs éﬂque ﬁlgstegd)g a variety o networ éef“éef P émst om manufacturers such
ak [N IBSvieltPackag], dndCay. Miitplq@pege ©04rs passe sonfureniytdne single host, and a
dupl exed print engi nes 602 and 603 into the binder
assenbly 605. The printed page passes between a
power ed spi ke wheel axle 670 with a fibrous support
roll er and anot her novable axle with spi ke wheel s and
a nonentary action glue mheel The novabl e axl e/ gl ue

L —
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Wthin supply chain managenent, there is considerable
interest in expanding or replacing the UPC schene to
al | ow i ndividual product itenms to be uniquely

identified and ther eby tracked31 I ndi vi dual item 35 °
t.agqgin "shri due Loyl
5 Frér ceéngoo Si%gttljt overa nu ero Eofstsc %1% %r all o?%% gmn%lﬁgahgr I’pro('\)nded by netpage

mf@éwpmlaaﬁ»a fsmpcpllalyy pfoa@@d byt tae éDtsfreer [Frdfhie| pagegepypr, can also be
#5»@&@ Qlreclp AU GietpadB ApplitRE Q. ad Mt}ﬁéé%ﬁtgie n aedé&ﬁﬁtér%ﬂ@tanon or on a local
here are two main contenders for individual item
‘'ng: optical tags in the formof so-called
14\/0 di TRerNeTeAREIPRDAER codes, and radi o frequency
i dent i frhec,@tpamn(lmo@)m Jnagﬁhaﬁ&rwmds&ggt&aﬂwﬁ@ﬁs Béq%é §tem and prints

of RFID tags, refer to Klaus Finkenzel
1QPAFLIGRTENT SR rFePdeipd &flasaﬁscm@g giach tpﬂ’é‘erclli‘ﬁ ﬁe‘fﬁcge gfinter D 62, and is
anhriectsd 4 @@ ha@pdgetiedidik ving ook aitted tHe Yntaweq &isallyefaarbendhend connection.
Opti cal f i

Con ok A5 o AR 0 AL RO SPRNS Yfs i
RegEtsthuRreeet fie RAG b e wroesuhpdiet iefityo nihe ePraRaAeF oglpages function
iheadivag acr(bblipa@ fafd tindeOAthGRY AR loBtht Yithiute@ MEp428 bate servER3Q 0, independently of
p%rt sence of nmetal or liquid can seriously interfere

PEPSS ag performance, underm ning the

omi d| Teeateipegg apntprgg@qvmula@q}aﬁp@gge doprents fram netpage publication servers 14.
Kab12addehenP QV&%ﬁﬁﬁl&d RBRWD phra0fhe ﬁig@ 149664, efd tﬁéj aJan ka aﬂ& irﬁi@d objects which
at 10 cents_each uant
PP SO0 oS P15 P ALY 37 1L * Ptplr subocrier
dnth pesarssgoinkcast foahe sgbseriber’ ¢ prinfer vidde sppivpiateepageesatveri Tmmi myage objects, on the
Jﬂ@:l: Ha%ﬁ af’qulpnl:aﬁyvélﬁlreh Gith b&&%bs%@@ A sdHrOmfilkidast td Ql@ subscribers’ printers and
read-only " 5 nature of nost optical tags has al so been
the WPRQPEE PAECEPESEtvant age, since status changes cannot

be wri Theetphge pablicatign agves RptinkieAthe lsegeasde of ummg bontehtginto pointcasts

h g—elg){@v

a%hj Qrﬁ]{%as g&lftg' xh o L po tlaésf f/fj% Zlgg}élglﬁts ﬁgg ela?oum ttﬂe %éld knows which
m%‘rcéifﬁ?fﬁﬂyo‘i‘i hPFﬁ} Pt ai ned dynam cally on a network.

The Moot el psifkiits febStet thHd tcmidte Jag€lapatsagy olfjdvls Tat define the document to

J D.C Cent el hase evel oped a standard for a 96-bit

bélp T orf"¢ é‘ucfn de (EPC), coupled with an

I nter n@h&pba@rsebte@qseect priggipdd @érevqn@egef Orgianeendy ep bothides of the sheet. It
c%ﬁtggsu&ﬁ)le)h@ M Qnéﬂ@rbgﬁﬁ%g&s ¢d0Mhd pri ePRIERSEMeRjeB€ BRSNS 350 for this
or otherwi se obtained, it is used to | ook up, possibly
RAPES®t he ONS, mmat chi ng product information portably

encodeThel giinfdly]l procdR @olksBE of ows destipled stager Bstdpizdtiom @fiphee deseriptions, and

e%%a %{)nt anggr I g?gﬁ&%fmages éﬁlr kl)als{er gr?%‘ql Iﬁ&c&s%!&f(?@? Ic%tgllgtg) gf %1 or more standard
RRe 7gz>erlru?ge1p®ara]lleé ’@péle}pgexecbplﬁnt engpheecogogerf Fensstcof P, Brecessors which

nel@ ditiPend, priM phgelHages ireflRime &fyncﬂlfbﬁﬂédaﬁlm tROépdoationt dfi e printheads in the
%gtrg ent s of which are herein incorporated by

P88 Fef erence. The Auto-1D Center has defined a
mappi nEingsks nof habledefoGR) Iingee keve the oPCto REing@gPoRE Fathgorptive black ink,

Wthis Ristricts Yagh & WRBWisd &ﬂ)t}EB@s AN he Gk I RiHoudhr saéit paB have more limited

e El ectroni ¢ Product Code
‘%‘Eﬁt&f“%ﬁ&“%ém@ B tT“eFVr eosél FPSREMSES (GTEY), M T
Aut o- | B nQ@ant wrpageNoinenprars RQak) on thees cfaapeige @ﬂecwmctwpage printers

r@a@r%nm%ﬁtg "idre! sﬁ&ﬁﬁ@@gu%&g S\IR:){ a§£l@o%§ Eﬁcﬁ%%ﬁtgr'l%ortsug RasERfe shrdice type, and
adm ni stere JhOI nt venture.

eSS "éll"'é“t"’éec%ér"écii}‘eﬂ%&fl? bt 52 GHERIVEF JiRfaé map §11 which
desfilels € tag ilifigsayende @ctisly useh @o phint Dddebhetetitt@iies aBiagetl mith glatydocument so
RN GRLESe ;Qggnﬁc%e LPWeGARY passive REID tags to

carry a 64-bit version of the

EPC toFléH“P Gushoe theogetpage R clessg diagram. hislgptipg priterelptpd information
ol By 4 redi@hain skrodr 106t @é degdgedesoni ption of | ow cost

REID tag characteristics, refer to Sarma, S., Towards

the 5¢ Tag, MT Auto-ID Center (Novenber 2001), the

contents of which are herein incorporated by

cross-reference. For a description of a

commer CI ally-avail able | ow cost paSSI ve RFI D t ag,

"~ o - . e — I P~ N N N\
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15 product IDin turn typically consists of a

manuf acturer nunber 211 and a product class nunber

212. The best-known product ID is the EAN UCC

Uni versal Product Code (UPC) 231 and its variants. °
sh e 14, an omitag 202 encodes a page

16% (o?m%ehlgEFor?lE?ﬁ' 50 and a two-di nensi onal &IZD)

posi t | Bt 2BE'e seTibieg dewien o theingipdgelsivein fs gicallyrepeg 915 high, using its embedded

&)ﬁgﬂllgﬂ 38,QNibR th bd’}‘)ﬁlret e dt-ag IRQ)GQtlJnhé%s ﬂ@rﬁ'atpbg%rha‘ Qeﬁﬁgefsén@& The image

o S0 B v Pt b W B g Ry eseinra
pivgisigthalAsgesothed in idredat@Pelow] the fygeny ssable ¢b seupe (bén thfem‘als in contact with

tQJ‘s%rf!th anplﬁe f;@ﬂ@sodbﬁgo Qﬁ‘ste \f@?ﬂ afs&}ﬁcﬂn@ﬂ{eQ@cale'e "ﬁﬁ‘rgantlﬁﬁiwntmg (i.e. at 200 dpi
uni gue object ID 210, and nore '{SYEeCI i cal

FE2rsed 10 Hape BpodbiRTa e RbPEhe 15D it plea i ansmite
theapidien@r eaadstdtien) YhaptinteOerdae swalidnhigerbredngigrdataivith regpetthethe (known) page
MLl ity of the omitag. For exanple, each panel of a

proéuct item s packaging could have a different region

| D 50. Thegrriardentpdimer of BotneerPoheRrrar P%ltiwoeﬁl%’en& igigpen and as 2
rloh-@@ikinD),stylul ’Fﬂalrﬂ‘dﬂmi‘ga&ﬁect, hlewé’vexg lisofivt hEde@@ntfai Bmg tikkenciphg@mystem as a

b]I,roQ\’smn? W el%blsu)éh Qs \?h )% is usteé) as a%(:I%nget ?nr_t)ér}a emEAcP thelﬁg Sﬁg% Pelgistered with the

genera net ge region |
nefnege syskea anné bis 6 HIYD PgM Il?q@ﬂe Flgzurd L thpviythe %q&@se Rep glass diagram, reflecting pen-

rEIREd eﬁmash RGhtsel bALReikRGnaBrvE 0B @B xketrﬁéJiﬁﬁvoﬁcU rf ac e

regiong.identified within the gl obhal net e s
The § B TR 1 R SPUPLPLLT PSR S8 e B Bl oh g crenation
relitiye MutheopabDTIRen ie pifackeid trcafotch segsop rand/thel fogee dit theelb is mterpreted relative to a

tﬁr@s‘ﬁﬁ@to‘ @dléatet%etgéttﬁ@% is G lof Fen-aiugls 6% &ﬁ{efab’tiv@ GICBEnk B} the page to be
ure 14 the position 88 i s sho

gfg%‘p‘?y RSP vidhecpep WO OTHéT (PR S ORI, R 3 pfpoR Furthermore,the
forbé ib bdpyired s 4 dogtinGdhs @alwité allgwi say, tHedullsdyppdios o€hagnarue ertiewerified.
from th% Je gétgﬂ?nkghg gosuﬁg an{ Fﬁ%ntgt%%' Jf |1t9 ler@yth@ﬁetﬁég ﬂ}t ﬁggmg, in the

i f not desired parti cu roduct
infrpred sespiErm Bt 152 403 6f ‘f“hpag‘h’é thserioiify ef tag b diflecods ﬂi‘frﬁﬁ?ffsétjg and computes
tpdsitich ofl the lel@élgﬁe fo&@ tlg frdm e obsérvddasrspebtive |dﬁgttﬁﬂ bn the imaged tag and the
st ruct ur €5

k{l Wi g e% é%n 059 CS. m%u ﬂ%ﬁtl&e@;@ﬂ&n@ ag%&}%% Po%g §ecause the tag

page sens evi ce suc he "net
dpreﬁy qthe pmgsesveeﬁlm p@ee@@elsto e ReneiFet ta@admled Bfe‘lt*a% eeéohetwe is quite high,

e@&@dn{gl tﬂa"lmﬁﬂtdm@d‘sd)l&[bh ?Jqlnﬂaﬁ f&ticctulat@ h&nﬁ@nﬁr@ rdcbgnitioh. e| d Of
\A eW OS itian n

e
Uhet a6 RO 1§ SR D RN § e TED ) hipke comsss of
stqaepee Atingetampedisn pgsitthoy prcde p@e,mv@@l e pep-doven qvept and completed by the

shﬁéaﬁgrlt Bgﬁlp Gl %%EIQQ§aI£oQ%g&ﬂw1ﬂi the 1') I]j']ﬁf i1 e n@tp whéhever the page ID
track ILts own notion rel atIV tOt on

RS i i §é?““61f°“f‘}“ﬁ@§°tﬁ%1ffﬁ is’a*&e?ﬁe’aﬁ“ ‘le{mfrf@e

I epr eSkxal axtpagtepedhas h t@reht spigctiviad2piassoriqualtvith it)/¥ilewing the user to perform copy
aﬁ@&@t‘e g&rﬁ@%’sleﬁerﬂe%elgcuprﬂg 'txﬁxg&%eci 1'3%11&@&19 s;gtglg% §i£0§rd9tfaft@r a defined time

uence O trokes each stroke starti n?
- Fhersurekesisction Aeseretes 2156iPt of 4mie ekt sonsisi 4T % HPSﬁ groent digital ink
stMTke Baptuled tip&I3h e ﬁeﬁxk&a’cﬁ@ ttthckgtolld atel f thdifafa it 6s. interffdfdd in an application-

FCCI%C mann%{ﬂrngel% is su%inﬁteg el Qpe gcafuB v1athaﬁelgc%91§l\1)§§r[1&ea&w]agon

esponsi e reg r retrieves a
dosor | Bk esn hsfe curkrat peHGHEspelb Iy upieigh b g3n toghgpystem. Inthe case of

tﬁérﬂeﬁﬁlpﬁe%a;ée e @cfesgﬂitﬁ@ Klgwé @1tHeE{haBiaﬂlﬁhg bRcK fenid %ﬁ he h&fﬂ_mﬁﬂng stylus nib is
or Xanp , t he eS cr.i er n

i RS R 0  RPGPEBRIEe Eie (DB RAeR: e CHYRBRTT Rib th pen by an
apiiieation, lee. ig egsnopse torty uenselerimg eteolphfeonsy patske Thgdefault nib style is the nib style
aggﬁétglr\ﬁﬁﬂ tﬁérl:ugént hib Ss el @k dr@ﬂn%ﬁ aged A ﬁ%&dw the current nib style. When

perlink. 4. 3OWN TAG PRI NTI
ﬂﬁﬁfvfﬂeiﬁre Jolseqpepf]y gepragpceflthey pg rep ?°8<hm,f}1f.ﬂmsgyle .“tht%ﬁ@*gy are tagged.
onto the | abel, packaging or actual surface of a
pr oduct before, during or after product manufacture
and/ or assenbly. It is a special case of a netpage
printer 601. It is capable of printing a continuous
pattern of omitags onto a surface, typically using a
10 near-infrared-absorptive ink. In high-speed
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410 Iteminformation typically flows to the
product server in response to situated scan events,
e.g. when an itemis scanned into inventory on
delivery; when the itemis plaged on a retail shelf;
and wh Item.is,scann
fixed gﬁgle}l] 8 ﬁ 15 awtéuél araﬁn eé I‘gg a ﬁggantep QJththx%% 1tfc%l %gmﬁgluae the pen slowly
fophet ﬁﬁ‘gg‘@d Ty fhen the pea ails tqﬁ@?@ﬁga Hokerelative dt thiprge ¢ nppentarily activates
i @@HU?‘ 1. fheh B heh FRELASL RSB ingRAERMD reatiad k0 tHd Page USthd¥kntarily activates its
Jé ar or the sane 5techni ques as enployed in the

ge pen. As shown in Figure 16, both a
fixed scemese oDBAum srokestinretiiocs it irdy Dzl ink forms the basis for the
&émha‘ﬁ&t §f &&RiResdRl ahRrtile B QHHC tecSBIYEL of Zabiwrith3Cand for online
product Server may in turn comuni cate product item
EAtonghtignass o peer product server (not shown), or to
a produietpea Fspﬂzueteatamb mansieitsvdigitalZiblOto thvhnetphgermiyiter Vigh ehowmnge radio link.
ﬁle @gﬂsﬁ&e@ (L%l é}ﬁfg& %l‘ %VQQ’ aH(! &g.{tllgl an§’ SJCM?%EC% for Eﬁi%lent transmlssxon but

exanpl e nts wthin a retall store may be
ip gy desied O@eam yp e&mt 9 GsHiE tipely Bgnlingginyheprinteh r oquct
ser ver whiikhe pdaas m&t&ﬁ@@ bfls printes itbifiadidibitab @k Weihtedid ynel@ry, which has a

c%%%.xg Iééd f %H_C & a &Q%ﬂ uous ha% tm%v\ﬁlgxl tg %eﬁ 18?%%4%%%1{@% lﬁﬁélr:gre)of a printer,
if teapefers amp Quifeprd dledidinkg or actual surface has been

omi t aﬂg@ﬁcaﬁ)ﬁé&‘é@&&i Vﬁ‘ﬁ@nﬁ@%er' o€MBkersDbut bdthuRE AlGkake\data YesidSs in netpages
lpgx?/on %&an;xa 2;1? g‘g ﬁ%‘é{‘f‘}‘ Btl 1%{;%%12 ghxga{teantal}éhécgl t(e:raS eerFx) 1%'_;15occ(:}mxflumca(gi ing with at any

ranigulptimat ed surface into a finely di ffer enti ated

gr aphi Q%Lefe%@émﬂomkgrﬁ bAREpeald daschifeddn Y6Rr RAGIDelo RNt B8R e to Figures
are nany applications which map nicely onto the

&0fface of a product. These applications include

bt ai iETeAqEIRRA¢TIONNf Or Bt i on of various kinds

(nutri hllech %ge#;grgé}%a’p%&e%s da%qgllﬁnggo :1 G3kd tind ﬂhp&ﬁ 101 when the pen is used

r eci pes; r ucts use- dates; servici ng
tp pReTACLI] tepaeer I Bh oA Geip S0k b t9t %\Wﬁ'ﬂa by e wighitdh Pyt exeoute a
1B EREL, istich QRN § strdkBl n[a@ Id:ﬁg alDWwe e Schahiﬁly Bf)thé p@tdulat paat beingssociated interactive

plrjn%rrxtyté bes éle%err]rmg‘e an%I %c %glﬁs %’ e rel%tﬁx% gsntloqgggfgthe gééf?éiaﬁfv? {o) the page to be

nessa
Hained @hqzlemaﬂ@a datali§ wan@ﬂﬂthﬁ@thepm Wdt resolyes: i 818 [EYS: the page ID 50 of

thea@Bkd i6to IR riét@@ikfafl&ése Bf t!h@héhﬁge 1&1@6 &r@ﬁ 10 whi¢btheaigasahedorrésfonding page

#%g#f{?)ﬁréte %%#l%‘é%mtsf e stﬁ%&? n,get }:i)ageh sexhvgrv :l?édgtapra%el v?a%I récgn y 1c£erQiﬁed in an earlier
strolaniénethe mhtet mayt deady fivertheeadiiron ofié felessny rage W‘@em if@fadchh Each netpage

cgﬁl/sts%'f g Q&Iﬁﬂa@t%g% . %&rﬂ&ﬁ;ﬁa@%@ pErBﬁerﬁ? B’Ph %éﬁ)igy pa%g setr‘liée (seeS®ow). The page
exper i ence_or

he requ lcatl o
PV QT SRR B P PG 38 HRe P RUSAETO AT o the npege
nawatkbe described with reference to the foll ow ng

exanpl 8., ttp%ﬁgé/ SFver tbdeivi¥ tilé snglte M@ﬁen BERRRE BE E?g‘é QELcription to which
t hat thls ntion lﬁ% nbodi ed i n nany

thegsirplee applieh @it deagrﬁ%s wh el?qae@mfttlﬁzé)a%eéaiggptwfl thle ﬁlg)ke intersects. It is then able
tb [MeeIAdt the Etrokaﬁa ﬂdeﬁdtdated theﬁiypte bihacleanimgitng cl ai ns.

Exanpl S‘clgcg XA e whers the! GRALE Srldo O{Jeé\béég "fdXpeld A ngitlon and the

napht haI ocyani ne e rasulﬂ?eonl Cc acl antitative

stbsETREN0D Howtion 20 Opth (esthapsome ﬁ@aﬁ@lailmc.qn) A@]qe} Wl ig qc)wated by a click
t63idafdy feg@red 5017(:9 tbe LR MO h&cox‘dﬁ@y,dil IS@GLI 366Kt ik [pnored. The failure of a pen

anhydr.ous, wstre »

aﬁ?‘ianB‘é’eaﬁ 5§1 #ﬁg% '%’ﬁeéls?%%m |te§ig % 5 I?aﬁ P oﬁpﬁegﬂ?g E0T RS % LED:

i ce/ waTlere, arSud ikinds efixtphicsiendets (D25%phge pagstdassrietion: hpmeriipks and form fields.
b throts: BHORE 3 olye fgwtﬁeuctalaﬁoﬁlror DGiso@Msd Hgeridkt hi ck

white preci ate to form Upon conpletion of the
zadd|t|'ﬂﬁTPA‘i$F§NlﬂE§‘fﬁfT}§’vaas stirred at room tenperature
Zor 1 PenaiedHahien napht hal ene-2, 3- dicarbonitrile (22.8
g; 0.128 nol) was added porti onwi se, followed by
triethylene glycol nononethyl ether (65 nL). The thick
slurry was distilled for 2 h to renpove the nethanol
and tol uene. Once the toluene had 10 distilled off,
the reaction m xture becanme honbgeneous and | ess
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Hz, H7); 8.49 (411, dd, J87= 7.2, J 8,1= 5.7 Hz, 118);
8.84, 8.98 (411, d, 616,7 = 7.2 Hz, H6); 10.10, 10.19,
10.25 (411, d, J1,8 = 5.7 Hz, 111); 11.13, 11.16 (411,
s, 114). Exanple 2 - Preparatisn of ammoni um salts The °
]Egl) ! _?_ %‘}%Bx?ﬁ?to% ﬁr\éﬁgm Slgg o ?Br Sé e@ﬁqllngs rﬁ?\&!ﬂ%&:f@@&@%mﬂé%l includes a
heesirtst! Pin dhe e of & plattipsaaqylding ﬁ?"@lgd@llﬁl 03 defipng apgteriey spape 104 for mounting
tHPRh JonipBfent®. ISP LRAR 05 R iypErakhn A 4t¥UAL Bduntbdat (oﬁeQ:nE D06 ofttherhqusing 102. A

and sti rred a{ erature dur
sFrfnr}éanipﬁrgnt I5:ov§r Q7 6snse?ﬁre)%it%JBe 0 oscxtg rgr% @% oil' ge ousm he c!‘)v%plm is also of

mictulied plastidsaand is ergﬁd fram sega}trm_gar%gat@g]de grdgrc;o ma@lg php hsexip @iew the status
th) tﬁ? 158l rﬁc%uﬁt@&i }?Vtﬂ?lﬁ the lﬂaﬁfng b2 ?ﬁe sz&} gﬁ’ﬂ inV¥ads 6 ﬁfgﬁlgﬁﬁ QOQI;\{'H"lch substantially
erore e er/e n . , . was. a W .
PN DT Ry e
rﬁtt In@srahfith aritioh a ¢ob@spbi@ijng Rotxt 15 forrhed imthelwalls @3 of (2 housBg HA2) A radio antenna
fs%{ourgédyb'eﬂﬂi tﬂmagctxﬂé }g)ﬂlo}{ U HRBin {hpﬁ‘ougxﬁé f()@,pééfemﬁr&'dym surrounding an

was obtal ned as a_green powder @
SR Y EIGDTIVESD) O Erremyageq B Topeiveacts s 4 T ugnpgresponding screw
tiddads 111551 he metZ]. &d piedd.1 00is fethidaple ebnablerifik Gartddécz Geplacehe. Hz,
117) c‘)zéo ]v'vithl gl cc)ll T ?)7 % (§ 'E%tus )116 on% x §C}§1‘917 The antenna
(411, ad ™78 5 covgr I Zagt ooyt
ljals',alsgmp@ted o1 the ﬂele_E_’@ Ly The ggpus I@Dglg6 (szﬂxqur’ltad at thy top of_&le pen 101 for good

i bf)ad ik, 10.19, 10.25 (411, d, J18 = 5.7 Hz, 111);
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16,7 % seconzd fte';zc PCEﬁb is moux:ll't onla%'eilégﬁonics chassis 130 which sits within the housing
102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation for projection
onto the surface. An image sensor 132 is provided mounted on the second flex PCB 129 for receiving
reflected radiation from the surface. The second flex PCB 129 also mounts a radio frequency chip 133, which
includes an RF transmitter and RF receiver, and a controller chip 134 for controlling operation of the pen
101. An optics block 135 (formed from moulded clear plastics) sits within the cover 107 and projects an
infrared beam onto the surface and receives images onto the image sensor 132. Power supply wires 136
connect the components on the second flex PCB 129 to battery contacts 137 which are mounted within the
cam barrel 125. A terminal 138 connects to the battery contacts 137 and the cam barrel 125. A three volt
rechargeable battery 139 sits within the cam barrel 125 in contact with the battery contacts. An induction
charging coil 140 is mounted about the second flex PCB 129 to enable recharging of the battery 139 via
induction. The second flex PCB 129 also mounts an infrared LED 143 and infrared photodiode 144 for
detecting displacement in the cam barrel 125 when either the stylus 120 or the ink cartridge 118 is used for
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cil'réu?tzl SZ): ig'é/igrers(e)rllsgrditgr? ace 152, flash memory 147 and 512KB DRAM 148 are integrated in a single
controller ASIC. Analog RF components (RF circuit 155 and RF resonators and inductors 156) are provided
in the separate RF chip.

The image sensor is a CCD or CMOS image sensor. Depending on tagging scheme, it has a size

ranging from about 100x100 pixels to 200x200 pixels. Many miniature CMOS image sensors are

commercially available, including the National Semiconductor LM9630.
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deri Va]i"ﬁevc%r%roller ASIC 134 enters a quiescent state after a period of inactivity when the pen 101 is
not in contact with a surface. It incorporates a dedicated circuit 150 which monitors the force sensor
photodiode 144 and wakes up the controller 134 via the power manager 151 on a pen-down event.

The radio transceiver communicates in the unlicensed 900MHz band normally used by cordless
telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band, and uses
frequency hopping and collision detection to provide interference-free communication.

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA) interface
for short-range communication with a base station or netpage printer.

In a further embodiment, the pen 101 includes a pair of orthogonal accelerometers mounted in the
normal plane of the pen 101 axis. The accelerometers 190 are shown in Figures 7 and 8 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen 101 to sense motion
without reference to surface location tags, allowing the location tags to be sampled at a lower rate. Each
location tag ID can then identify an object of interest rather than a position on the surface. For example, if the
object is a user interface input element (e.g. a command button), then the tag ID of each location tag within
the area of the input element can directly identify the input element.

' The acceleration measured by the accelerometers in each of the x and y directions is integrated
with respect to time to produce an instantaneous velocity and position.

Since the starting position of the stroke is not known, only relative positions within a stroke are
calculated. Although position integration accumulates errors in the sensed acceleration, accelerometers
typically have high resolution, and the time duration of a stroke, over which errors accumulate, is short.

3 NETPAGE PRINTER DESCRIPTION
3.1 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 9. It prints
netpages on Letter/A4 sized media using duplexed 84" Memjet™ print engines 602 and 603, as shown in
Figures 10 and 10a. It uses a straight paper path with the paper 604 passing through the duplexed print
engines 602 and 603 which print both sides of a sheet simultaneously, in full color and with full bleed.

An integral binding assembly 605 applies a strip of glue along one edge of each printed sheet,
allowing it to adhere to the previous sheet when pressed against it. This creates a final bound document 618
which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 12 coupled with the duplexed print engines,
has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and infrared inks.
The cartridge also contains a micro air filter in a base molding. The micro air filter interfaces with an air
pump 638 inside the printer via a hose 639. This provides filtered air to the printheads to prevent ingress of
micro particles into the Memjet™ printheads 350 which might otherwise clog the printhead nozzles. By
incorporating the air filter within the cartridge, the operational life of the filter is effectively linked to the life
of the cartridge. The ink cartridge is a fully recyclable product with a capacity for printing and gluing 3000
pages (1500 sheets).

Referring to Figure 10, the motorized media pick-up roller assembly 626 pushes the top sheet
directly from the media tray past a paper sensor on the first print engine 602 into the duplexed Memjet™
printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an opposing in-line

sequential configuration along the straight paper path. The paper 604 is drawn into the first print engine 602
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(ﬁﬁg?ledsacl)oZlg \ghbel r;trgg(hg zaaper%at{m)],' which act against a rubberized roller. These spike wheels contact the
‘wet’ printed surface and continue to feed the sheet 604 into the second Memjet™ print engine 603.

Referring to Figures 10 and 10a, the paper 604 passes from the duplexed print engines 602 and
603 into the binder assembly 605. The printed page passes between a powered spike wheel axle 670 with a
fibrous support roller and another movable axle with spike wheels and a momentary action glue wheel. The
movable axle/glue assembly 673 is mounted to a metal support bracket and it is transported forward to
interface with the powered axle 670 via gears by action of a camshaft. A separate motor powers this
camshaft.

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating coupling for
the glue supply hose 641 from the ink cartridge 627. This axle 679 connects to a glue wheel, which absorbs
adhesive by capillary action through radial holes. A molded housing 682 surrounds the glue wheel, with an
opening at the front. Pivoting side moldings and sprung outer doors are attached to the metal bracket and
hinge out sideways when the rest of the assembly 673 is thrust forward. This action exposes the glue wheel
through the front of the molded housing 682. Tension springs close the assembly and effectively cap the glue
wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one vertical edge

on the front side (apart from the first sheet of a document) as it is transported down into the binding assembly

605.

4 PRODUCT TAGGING

Automatic identification refers to the use of technologies such as bar codes, magnetic stripe cards,
smartcards, and RF transponders, to (semi-)automatically identify objects to data processing systems without
manual keying.

For the purposes of automatic identification, a product item is commonly identified by a 12-digit
Universal Product Code (UPC), encoded machine-readably in the form of a printed bar code. The most
common UPC numbering system incorporates a 5-digit manufacturer number and a 5-digit item number.
Because of its limited precision, a UPC is used to identify a class of product rather than an individual product
item, The Uniform Code Council and EAN International define and administer the UPC and related codes as
subsets of the 14-digit Global Trade Item Number (GTIN).

Within supply chain management, there is considerable interest in expanding or replacing the
UPC scheme to allow individual product items to be uniquely identified and thereby tracked. Individual item
tagging can reduce “shrinkage” due to lost, stolen or spoiled goods, improve the efficiency of demand-driven
manufacturing and supply, facilitate the profiling of product usage, and improve the customer experience.

There are two main contenders for individual item tagging: optical tags in the form of so-called
two-dimensional bar codes, and radio frequency identification (RFID) tags. For a detailed description of
RFID tags, refer to Klaus Finkenzeller, RFID Handbook, John Wiley & Son (1999), the contents of which
are herein incorporated by cross-reference. Optical tags have the advantage of being inexpensive, but require

optical line-of-sight for reading. RFID tags have the advantage of supporting omnidirectional reading, but are
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comparatively expensive. The presence of metal or liquid can seriously interfere with RFID tag performance,
undermining the omnidirectional reading advantage. Passive (reader-powered) RFID tags are projected to be
priced at 10 cents each in multi-million quantities by the end of 2003, and at 5 cents each soon thereafter, but
this still falls short of the sub-one-cent industry target for low-price items such as grocery. The read-only
nature of most optical tags has also been cited as a disadvantage, since status changes cannot be written to a
tag as an item progresses through the supply chain. However, this disadvantage is mitigated by the fact that a
read-only tag can refer to information maintained dynamically on a network.

The Massachusetts Institute of Technology (MIT) Auto-ID Center has developed a standard for a
96-bit Electronic Product Code (EPC), coupled with an Internet-based Object Name Service (ONS) and a
Product Markup Language (PML). Once an EPC is scanned or otherwise obtained, it is used to look up,
possibly via the ONS, matching product information portably encoded in PML. The EPC consists of an 8-bit
header, a 28-bit EPC manager, a 24-bit object class, and a 36-bit serial number. For a detailed description of
the EPC, refer to Brock, D.L., The Electronic Product Code (EPC), MIT Auto-ID Center (January 2001), the
contents of which are herein incorporated by cross-reference. The Auto-ID Center has defined a mapping of
the GTIN onto the EPC to demonstrate compatibility between the EPC and current practices Brock, D.L.,
Integrating the Electronic Product Code (EPC) and the Global Trade Item Number (GTIN), MIT Auto-ID
Center (November 2001), the contents of which are herein incorporated by cross-reference. The EPC is
administered by EPCglobal, an EAN-UCC joint venture.

EPCs are technology-neutral and can be encoded and carried in many forms. The Auto-ID Center
strongly advocates the use of low-cost passive RFID tags to carry EPCs, and has defined a 64-bit version of
the EPC to allow the cost of RFID tags to be minimized in the short term. For detailed description of low-
cost RFID tag characteristics, refer to Sarma, S., Towards the 5¢ Tag, MIT Auto-ID Center (November
2001), the contents of which are herein incorporated by cross-reference. For a description of a commercially-
available low-cost passive RFID tag, refer to 915 MHz RFID Tag, Alien Technology (2002), the contents of
which are herein incorporated by cross-reference. For detailed description of the 64-bit EPC, refer to Brock,
D.L., The Compact Electronic Product Code, MIT Auto-ID Center (November 2001), the contents of which
are herein incorporated by cross-reference.

EPCs are intended not just for unique item-level tagging and tracking, but also for case-level and
pallet-level tagging, and for tagging of other logistic units of shipping and transportation such as containers
and trucks. The distributed PML database records dynamic relationships between items and higher-level
containers in the packaging, shipping and transportation hierarchy.

4.1 OMNITAGGING IN THE SUPPLY CHAIN

Using an invisible (e.g. infrared) tagging scheme to uniquely identify a product item has the
significant advantage that it allows the entire surface of a product to be tagged, or a significant portion
thereof, without impinging on the graphic design of the product’s packaging or labelling. If the entire product
surface is tagged, then the orientation of the product doesn’t affect its ability to be scanned, i.e. a significant
part of the line-of-sight disadvantage of a visible bar code is eliminated. Furthermore, since the tags are small
and massively replicated, label damage no longer prevents scanning,

Omnitagging, then, consists of covering a large proportion of the surface of a product item with

optically-readable invisible tags. Each omnitag uniquely identifies the product item on which it appears. The
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Pi per agd §8wfinl Figure 14, an omnitag 202 encodes a page ID (or region ID) 50 and a two-

dimensional (2D) position 86. The region ID identifies the surface region containing the tag, and the position

identifies the tag’s position within the two-dimensional region. Since the surface in question is the surface of
a physical product item 201, it is useful to define a one-to-one mapping between the region ID and the unique
object ID 210, and more specifically the item ID 215, of the product item. Note, however, that the mapping
can be many-to-one without compromising the utility of the omnitag. For example, each panel of a product
item’s packaging could have a different region ID 50. Conversely, the omnitag may directly encode the item
ID, in which case the region ID contains the item ID, suitably prefixed to decouple item ID allocation from
general netpage region ID allocation. Note that the region ID uniquely distinguishes the corresponding
surface region from all other surface regions identified within the global netpage system.

The item ID 215 is preferably the EPC 220 proposed by the Auto-ID Center, since this provides
direct compatibility between omnitags and EPC-carrying RFID tags.

In Figure 14 the position 86 is shown as optional. This is to indicate that much of the utility of the
omnitag in the supply chain derives from the region ID 50, and the position may be omitted if not desired for
a particular product.

For interoperability with the netpage system, an omnitag 202 is a netpage tag 4, i.e. it has the
logical structure, physical layout and semantics of a netpage tag.

When a netpage sensing device such as the netpage pen 101 images and decodes an omnitag, it
uses the position and orientation of the tag in its field of view and combines this with the position encoded in
the tag to compute its own position relative to the tag. As the sensing device is moved relative to a
Hyperlabelled surface region, it is thereby able to track its own motion relative to the region and generate a
set of timestamped position samples representative of its time-varying path. When the sensing device is a
pen, then the path consists of a sequence of strokes, with each stroke starting when the pen makes contact

with the surface, and ending when the pen breaks contact with the surface.
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retrieves a description of the region keyed by region ID, and interprets the stroke in relation to the

description. For example, if the description includes a hyperlink and the stroke intersects the zone of the
hyperlink, then the server may interpret the stroke as a designation of the hyperlink and activate the
hyperlink.

4.3 OMNITAG PRINTING

An omnitag printer is a digital printer which prints omnitags onto the label, packaging or actual
surface of a product before, during or after product manufacture and/or assembly. It is a special case of a
netpage printer 601. It is capable of printing a continuous pattern of omnitags onto a surface, typically using a
near-infrared-absorptive ink. In high-speed environments, the printer includes hardware which accelerates tag
rendering. This typically includes real-time Reed-Solomon encoding of variable tag data such as tag position,
and real-time template-based rendering of the actual tag pattern at the dot resolution of the printhead.

The printer may be an add-on infrared printer which prints the omnitags after text and graphics
have been printed by other means, or an integrated color and infrared printer which prints the omnitags, text
and graphics simultaneously. Digitally-printed text and graphics may include everything on the label or
packaging, or may consist only of the variable portions, with other portions still printed by other means. Thus
an omnitag printer with an infrared and black printing capability can displace an existing digital printer used
for variable data printing, such as a conventional thermal transfer or inkjet printer.

For the purposes of the following discussion, any reference to printing onto an item label is
intended to include printing onto the item packaging in general, or directly onto the item surface.
Furthermore, any reference to an item ID 215 is intended to include a region ID 50 (or collection of per-panel
region ids), or a component thereof.

The printer is typically controlled by a host computer, which supplies the printer with fixed and/or
variable text and graphics as well as item ids for inclusion in the omnitags. The host may provide real-time
control over the printer, whereby it provides the printer with data in real time as printing proceeds. As an
optimisation, the host may provide the printer with fixed data before printing begins, and only provide
variable data in real time. The printer may also be capable of generating per-item variable data based on
parameters provided by the host. For example, the host may provide the printer with a base item ID prior to
printing, and the printer may simply increment the base item ID to generate successive item ids.
Alternatively, memory in the ink cartridge or other storage medium inserted into the printer may provide a
source of unique item ids, in which case the printer reports the assignment of items ids to the host computer
for recording by the host.

Alternatively still, the printer may be capable of reading a pre-existing item ID from the label onto
which the omnitags are being printed, assuming the unique ID has been applied in some form to the label
during a previous manufacturing step. For example, the item ID may already be present in the form of a
visible 2D bar code, or encoded in an RFID tag. In the former case the printer can include an optical bar code
scanner. In the latter case it can include an RFID reader.

The printer may also be capable of rendering the item ID in other forms. For example, it may be
capable of printing the item ID in the form of a 2D bar code, or of printing the product ID component of the
item ID in the form of a 1D bar code, or of writing the item ID to a writable or write-once RFID tag.

4.4 OMNITAG SCANNING
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Table 4 Properties of mxed tetrasulfonic acid 4 and
the tetralcis(tributylatnnmoniun) salt 8 in vehicle C
15 (b) Tetraki s(DBUanmoni um salt 9 and
p-tol uenesul fonic acid The DBUamoniumsalt 9 (26.3 °
ng; 152 tinol) and p-tol esul fonic acid (8.68 ny;
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'etmlm-_: W@?ﬁ?ﬁecﬁg@% ‘?a—N
knp" hQG\/@m(Fi e 30)a _fic)y | mdazoliutn salt § @n N
aceti 6}%11Q°Ac()3h he tetraij)m/dawliumsalt 7 was made up
to 1.5 m i nink vehiclecontainingSm\/Iacetic O
acid. This gave a clear enuso,{, ution (pH 5.1) that Q SO,0H
was printed on Cel cast man photoqual ity inkjet paper
(143 gsnm). 25The reflect arice spectrum had ' max 807 nm
(Figure 31). Exanpi-é"B=octPaiitfadeness An Gsram 250 W
metal halide |lanmp (-W-EP 250W D E40) wi tSsheme 1
intensity of 17,000 |unens, (approximtely 70,000 I ux)
was used to irradiate printed sanples positioned at a
@i GelliamdB) eiforide (. 70re: POYhmelh evagdissglveshia 2 ug fobpeist (p§ mL) under a slow
s&baanstaditeh cFEAS Uke® NRNEsulihe bd1ghh fvasStdoR8 Sn Ic&whtBe Jolil® methoxide (25% in

t aken f.or sanp].e to fad . 30% under. .t ypi cal .i.ndoor,
ARG 10 BORI PR 1oy ST AnR RO £ 14 PR rcomdle @ form.  upon
cowpietion io©the adiition,dkef il vees stirted @ivjopra tdmperatung desr! kand then naphthalene-2,3-

didax@gﬁitiﬁQQZiﬂqé; %n% L) Qfs a8 poM¥nhiR! folldived BY BridthP6de ofl@d monomethyl ether
ast ness=Ti ne_taken to

Li ghtf f ak fade hy 309 70,000 | u

(P00 105 ek S i il Ty S T AR 0 (gpes g gotvne

distilBA® I3 kdattion méypht bainpchoananete trddest Vis@nadng sreed treadily. Heating was
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ciflerofonin (4 58 ad o 4ngd ﬁite;ed]_qrger(@wtﬁyh{ouggg gintered glass funnel. The solid residue was

washed with more chloroform (50 mL) and then a further portion (50 mL) with suction under reduced

7

pressure. The resulting dark green solid was then sequentially washed under reduced pressure with acetone
(2 x 50 mL), DMF (2 x 50 mL), water (2 x 50 mL), acetone (2 x 50 mL), and diethyl ether (2 x 50 mL). The
moist solid was air-dried to a dry powder and then heated under high vacuum at ca. 100 °C for 1 h to
complete the drying process. Naphthalocyaninatogallium methoxytriethyleneoxide 3 was obtained as a fine

dark green powder (23.14 g; 80%), Amax (NMP) 770 nm.

(ii) Naphthalocyaninatogallium methoxytriethyleneoxide 3 (9.38 g; 0.010 mol) was treated with 30% oleum
(47 mL) by slow addition via a dropping funnel while cooling in an ice/water bath under a nitrogen
atmosphere. Upon completion of the addition, the reaction mixture was transferred to a preheated water bath
at 55 °C and stirred at this temperature for 2 h during which time the mixture became a homogeneous viscous
dark blue solution. The stirred reaction mixture was cooled in an ice/water bath and then 2-propanol (40 mL)
was added slowly via a dropping funnel. This mixture was then poured into 2-propanol (100 mL) using more
2-propanol (160 mL) to wash out the residues from the reaction flask. Diethyl ether (100 mL) was then
added to the mixture which was then transferred to a sintered glass funnel and filtered under gravity affording
a moist dark brown solid and a yellow/brown filtrate. The solid was washed sequentially with ether (50 mL),
acetone/ether (1:1, 100 mL), and ether (100 mL) with suction under reduced pressure. The resulting solid
(13.4 g) after drying under high vacuum was then stirred in ethanol/ether (1:3, 100 mL) for 3 days and then
filtered and dried to give the tetrasulfonic acid 4 as a fine red/brown solid (12.2 g; 105% of theoretical yield;
90% purity according to potentiometric titration). 'H NMR (d;-DMSO0) & 7.97, 8.00 (4H, dd, J 75 = J76= 7.2

4 quantitative
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Tetrai m dazolium 7/ acetic acid (2 equiv) 1.5 (B) 5.1
38.5 Tetrasulfonic acid 4/lithiumacetate (4 equiv) 2
(B) 5.1 37.3 Tetrasulfonic acid 4/sodium acetate (4
equiv) 2 (B) 5.1 36.5 Tetrasulgonic acid 4/1ithium
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The following salts were prepared as described below.

PYH® ©0,8 0 (LiorNa)® ©0;8 O
Q ® PyH O (Li or Na)®

= 3039 $0,0

NSy =N
4 v JOH . OH
|/ \
g =5 OO —
=N

S0,© N S0;0 N
(Lior Na)® 4 X AcOH
PHO O
S0,© ®PyH O SO0;® (Lior Na)®

- )

6
0,8
. :1: ~ g, cos-)
k, BusNH Q BusNH
®
0
=N S 3@ N 303@

I OH

\ Ny
OO N— Ga-—-N N\ Y,
— 1 —
O =~

S0 @ #N
e s0,0 NN
“H
© o {7
so. BusNH

3@ e $0,0 @
BusNH

8

\N =N $0,0
U |/0H
1 =
O w6
] e
\ |
N
§0,0 NN

(a) Tetrapyridinium 5

Hydroxygallium naphthalocyaninetetrasulfonic acid 4 (189 mg; 0.17 mmol) was suspended in pyridine/water
(50:50; 4 mL) and stirred at room temperature for 16 h during which time the reaction mixture became
homogeneous. Ether/ethanol (86:14, 35 mL) was added to precipitate the salt and the supernatant liquid was
decanted off before ether/ethanol (83:17, 12 mL) was added with stirring. The solid was filtered off and
washed with ether/ethanol (50:50, 2 x 5 mL) and ether (2 x 5 mL). After drying under high vacuum, the
tetrapyridinium salt 5 was obtained as a green powder (136 mg; 56%). "H NMR (ds-DMSO) & 7.78 (8H, dd,
J=6.3, 6.3 Hz, H3’, H5%); 7.97, 8.00 (4H, 44, J 73 = J;5 = 7.2 Hz, H7); 8.25 (4H, dd, /= 7.8, 7.8 Hz, H4");
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&a%%’é&é& axg 5 eﬁMx(y ﬁas ﬁlt@ %nfrgwqtﬁ @ﬁ’largl/éﬁ%) 1’750§0 425>< &) rﬂ]::‘) and ether (2 x 20

ene 1,82 1.
IQL)pg}" he t@qrqa@{nﬂg%)s/a&t Iups gbtgged as a green powder aﬁer drying under high vacuum (252 mg;

48%). 'H NMR (d,-DMSO) & 1.1-1.2 (32H, m, H3’, H4’, H5’, H10°); 2.5 (8H, m, H6"); 3.0-3.1 (24H, m,
H2’, HY’, H11"); 7.97, 8.00 (4H, dd, J 75 = J75 = 7.2 Hz, H7); 8.49 (4H, dd, J3; = 7.2, J 3, = 5.7 Hz, H8),
8.84, 8.98 (4H, d, Js; = 7.2 Hz, H6); 10.10, 10.19, 10.25 (4H, d, J; s = 5.7 Hz, H1); 11.13, 11.16 (4H, s, H4).

(c) Tetrakis(tributylammonium)8 - Comparative Example

Hydroxygallium naphthalocyaninetetrasulfonic acid 4 (905 mg; 0.81 mmol) and tributylamine (2.32 mL;
9.70 mmol) were stirred in ethanol (96%; 5 mL) for 4.75 h at room temperature during which time the
reaction mixture became homogeneous. The solution was diluted with ether (100 mL) and the precipitated
solid was filtered off, washing with more ether (2 x 25 mL). Excess amine was removed by stirring the solid
in tetrahydrofuran/ether (70:30, 40 mL) for 2 h and filtering off the solid. The tetrakis(tributylammonium)
salt 8 was dried under high vacuum and obtained as a green powder (730 mg; 49%). This salt is sparingly
soluble in water but readily dissolves in ethanol. "H NMR (d,-DMSO) & 0.90 (12H, t, J = 7.2 Hz, H4’); 1.34
(8H, sxt, J= 7.5 Hz, H3"); 1.58 (6H, m, H2"); 3.03 (6H, br dd, J=7.8, 7.8 Hz, H!"); 7.97, 8.00 (4H, dd, J 73
=Jys =712 Hz HT7); 849 (4H, dd, J3; = 7.2, J g1 = 5.7 Hz, HR); 8.84, 8.98 (4H, d, J;; = 7.2 Hz, H6); 10.10,
10.19, 10.25 (4H, d, J; 5 = 5.7 Hz, H1); 11.13, 11.16 (4H, s, H4).

(d) Tetraimidazolium 7

Hydroxygallium naphthalocyaninetetrasulfonic acid 4 (1.40 g; 1.25 mmol) and imidazole (0.596 g; 8.75
mmol) were suspended in methanol/water (80:20; 17.5 mL) and then the resulting green mixture was stirred
at room temperature for 2 h, becoming homogeneous after 1 h. The solution was diluted with diethyl ether
(50 mL), stirred for 15 min. and then allowed to stand. The supernatant liquid was decanted off and then
ether/methanol (50:50; 20 mL) was added with stirring. The solid was filtered off, washing with
ether/methanol (50:50; 3 x 20 mL) and ether (2 x 20 mL). The solid was then suspended in methanol/ether
(50:50; 20 mL) and stirred for 3 h. Filiration and drying under high vacuum afforded the tetraimidazolium
salt 7 as a green powder (1.32 g; 76%). "H NMR (d;-DMSO) & 7.61 (8H, br s, H4’, H5"); 7.98, 8.02 (4H, dd,
J 18 = J76 = 7.2 Hz, HT); 8.49 (4H, br m, H8); 8.84, 8.98 (4H, d, Js7 = 7.2 Hz, H6); 8.91 (4H, br s, H2’);
10.10, 10.19, 10.25 (4H, d, J, s = 5.7 Hz, H1); 11.13, (4H, br m, H4).

Example 3 — Preparation of Inks and Reflectance Spectra of Ammonium Salts

A solution of each salt was made up in an ink vehicle according to Table 1.
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4.27 8.70 glycerol

4.09 4.10 3.85 3.91 urea 6.36 - - -

surfynol (5EO0/OH) 0.45 0.45 0.43 0.43 1, 3- propanedi ol
- 9.10 8.55 8.70 1, 2-hexanediol - 9.00 -1-propanol - -
5.98 - 45 °
component Vehicle A (%w/v) Vehicle B (%w/v) Vehicle C (%w/v)
Ethylene glycol 6 5.45 545
Diethylene glycol 2 1.82 1.82
2-pyrrolidinone 5 4.55 4.55
Glycerol 4.5 4.09 4.09
Urea 7 6.36 6.36
Surfynol (SEO/OH) 0.5 0.45 0.45
1,3-propanediol - 9.00 -
ethanol - - 9.00
Water 75 68.18 68.18

Table 1 Composition of dyeless ink vehicles for salt derivatives

The resulting clear green solutions were printed on Celcast matt photoquality inkjet paper (143 gsm)

on an Epson C61 inkjet printer and then the reflectance spectra were measured on a Cary 5 UV-vis

spectrophotometer. Results are given in Table 2.

Example | Compound | Ink vehicle Amine (B) | Amine : 4 | pK, pH Q-band
(concentration, (Amax)
mM)
4 C(®2) none - - 2.8 805 nm
3(a) 5 B (1.36) Pyridine 4:1 52 4.6 807 nm
3(d) 7 B (1.5) Imidazole | 4:1 6.8 6.1 803 nm®
3(c) 8 C2) Bu;N 4:1 ca. 11 | 6.8 792 nm
3(b) 9 AQ2) DBU 4:1 ca 12 | 7.7 744, 787
am®

2 Figure 28; °Figure 29
Table 2 Relationship between amine component of tetrasulfonate salts, pH of ink made according to Table 1,

and position of Q-band

From Table 2, it can be seen that compounds 5, and 7, where BH' has a pK, in the range of 4 to 9
and the pH of the ink formulation is between 4 and 6.5, the Q-band of absorption is greater than 800 nm.
However, for compounds 8 and 9, where BH" has a pK, greater than 9 and the pH of the ink formulation is
greater than 6.5, the Q-band is significantly less than 800 nm. Accordingly, compounds 5, and 7 are suitable
for formulating inks which are not too acidic to be compatible with conventional CMYXK inks, and which

retain strong absorption in the near-IR region above 800 nm.

Other amine salts of the gallium naphthalocyanine tetrasulfonate 4 were prepared analogously to
those prepared above in Examples 2(a)-(d), and formulated as 2 mM solutions in ink vehicle A. The

resulting clear green solutions were printed on Celcast matt photoquality inkjet paper (143 gsm) on an Epson
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PO LATUT (2 dat a. Compound For mul|4TBH 1 Cong Bt P g2 bend
(mVM) PH Ozone lifetine (y) 49 9 9 9 + B eq. TsOlhum)
SO TR b ot BB T3 86 136 a6 8 30
3(t) Triethanolamine 4:1 A 794 nm

3(g) Piperazine 4:1 A 794 nm

3(h) Glucosamine 4:1 A 798, 740 nm
33) Tributylamine 1:1 A 805 nm

33%) 2-(2’-hydroxyethoxy)ethanolamine 4:1 A 794, 738 nm
3(k) Quinoline 4:1 A 803 nm

30 Triethylamine 4:1 A 795 nm

Table 3 Spectroscopic properties of other ammonium salts

From Table 3, it can be seen that DABCO and quinoline in a stoichiometric ratio of 4:1 provide
salts, which can be formulated into inks having acceptable reflectance spectra. Stronger bases used in the
same ratio are generally unsuitable and result in a significant blue-shift. However, the use of fewer
equivalents of a stronger base can still provide inks having red-shifted Q-bands. Example 3(i) uses
tributylamine in a ratio of 1:1 and provides a formulation having a Q-band at 805 nm. By contrast,

tributylamine in a ratio of 4:1 (Table 2) provides a formulation having a blue-shifted Q-band at 792 nm.

Example 4 — Preparation and Reflectance Spectra of Inks With Added Carboxylate Salts

Inks according to the present invention may also be prepared without isolation of the naphthalocyanine salts.
For example, the tetrasulfonic acid 4 may be formulated in an ink vehicle and the pH adjusted using a
suitable base or buffer. Examples 4(a) and 4(b) below describe the preparation of inks by addition of

carboxylate salts in an ink comprising the tetrasulfonic 4.

(a) Lithium/sodium acetate and tetrasulfonic acid 4
The tetrasulfonic acid 4 was made up to 2 mM in ink vehicle B containing 8 mM NaOAc or LiOAc. This

gave a clear green solution containing 6 (pH 5.1) that was printed on Celcast matt photoquality inkjet paper

(143 gsm). The reflectance spectrum had A, 806 nm for both sodium and lithium.

(b) EDTA disodium salt and tetrasulfonic acid 4
The tetrasulfonic acid 4 was made up to 1.5 mM in ink vehicle B containing 3 mM

ethylenediaminetetraacetic acid (EDTA) disodium salt. This gave a clear green solution (pH 3.7) that was

printed on Celcast matt photoquality inkjet paper (143 gsm). The reflectance spectrum had A, 805 nm.,

Example 5 — Preparation and Reflectance Spectra of Inks Comprising Mixed Salts
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nfal.6 (F) 2.3 (F) 4.2 (F) 9 + 3 eqg. TsOH 1.36 4.0
4.8 (F) 9 2.07.77.7(F) 5 1.55.51.6 (F) 5 1.5
4.6 8.2 (F) 8 2.0 6.8 12.6(F)

47 °
Inks according to the present invention may also comprise mixed salts. Mixed salts may be advantageous in
providing a suitable balance of properties or for tuning the spectroscopic characteristics of a salt. For
example, in Example 5(b) the direct addition of three equivalents of p-toluenesulfonic acid to the
tetrakis(DBUammonium) salt 9 in the ink formulation lowers the pH from 7.7 to 4.0 and shifts the Q-band to

806 nm indicating that protonation of the internal meso-nitrogens has taken place.

(a) Tetrasulfonic acid 4 and tetrakis(tributylammonium) salt 8

Solutions of the tetrasulfonic acid 4 and the tetrakis(tributylammonium) salt 8 (2 mM in vehicle C) were
mixed in the ratios as shown in Table 4. The resulting clear green solutions were printed on Celcast matt
photoquality inkjet paper (143 gsm) with an Epson C61 inkjet printer and the pH and maximum absorptions

were measured.

Tetrasulfonic acid 4/tetrakis(tributylammonium) salt 8 pH Q-band (Aygax)
1:3 3.6 796 nm
3:1 29 807 nm

Table 4 Properties of mixed tetrasulfonic acid 4 and the tetrakis(tributylammonium) salt 8 in vehicle C

(b) Tetrakis(DBUammoniumy) salt 9 and p-toluenesulfonic acid

The DBUammonium salt 9 (26.3 mg; 15.2 pumol) and p-toluenesulfonic acid (8.68 mg; 45.6 umol) were
dissolved in ink vehicle B (11.2 mL) to make up a solution that was 1.36 mM with respect to the
naphthalocyanine. This gave a clear green solution (pH 4.0) that was printed on Celcast matt photoquality

inkjet paper (143 gsm). The reflectance spectrum had Apax 806 nm (Figure 30).

(c) Imidazolium salt 7 and acetic acid
The tetraimidazolium salt 7 was made up to 1.5 mM in ink vehicle B containing 3 mM acetic acid. This

gave a clear green solution (pH 5.1) that was printed on Celcast matt photoquality inkjet paper (143 gsm).

The reflectance spectrum had A, 807 nm (Figure 31).

Example 6 — Lightfastness

An Osram 250 W metal halide lamp (HQI-EP 250W/D E40) with an intensity of 17,000 lumens,
(approximately 70,000 lux) was used to irradiate printed samples positioned at a distance of 9.0 cm from the
globe. The industry standard measurement of lightfastness is the time taken for a sample to fade by 30%
under typical indoor lighting conditions. Typical indoor lighting conditions are defined as illumination under

a lighting intensity of 500 lux for 10 hours per day.

Lightfastness = Time taken to fade by 30% x (70,000 lux / 500 lux) x (24 h/ 10 h)
= Time taken to fade by 30% x 336
Gallium naphthalocyaninetetrasulfonate salt Concentration in ink pH of ink | Lifetime

vehicle (A or B) (mM) (years)
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15

8 1.36 7.5 5.5 (F) 8 1.36 nfa 7.5 (F) 7 1.56.1 9.8
(F) 7 +2 eq AcOH 1.55.1 12.2(F) 7 1.5 6.6 3.5 (F)

7 1.5 n/a

48 °
Tetrapyridinium 3 1.5 (A) 4.6 31
Tetraimidazolium 7 1.5(B) 6.1 38.5
Tetraimidazolium 7/acetic acid (2 equiv) 1.5(B) 5.1 38.5
Tetrasulfonic acid 4/lithium acetate (4 equiv) 2 (B) 5.1 373
Tetrasulfonic acid 4/sodium acetate (4 equiv) 2 (B) 5.1 36.5
Tetrasulfonic acid 4/lithium acetate (4 equiv) 1.5(B) 5.1 227
Tetrasulfonic acid 4/sodium acetate (4 equiv) 1.5(B) 5.1 21.9
Tetrakis(DBUammonium) 9 2 (A) 7.7 7.9
Tetrakis(DBUammonium) 9/p-TsOH (3 equiv) 1.36 (B) 4.0 17.5
Tetrakis(tributylammonium) 8 2 (B) 6.8 353

Table 5 Projected lifetimes of ammonium salts printed on paper.

All inks according to the present invention, with a pH in the range of 3.5 to 7, have excellent

lightfastness. By contrast, the ink prepared from tetrakis(DBUammonium) 9, having a pH of 7.7, had poor

lightfastness with a projected lifetime of only 7.9 years.

This surprising result is a further advantage of the present invention and is understood to be a result

of the protonated macrocycle being less reactive towards singlet oxygen.

Example 7 — Qzonefastness

Inks were formulated from a variety of salts using the ink vehicles A, B, C, D, F, H or I. Ink
vehicles A-C were described in Table 1 above. Table 6 below describes ink vehicles D, F, H and 1.

Component D (%w/v) F (%w/v) H (%w/v) I (%w/v)
ethylene glycol 545 5.45 5.13 5.22 '
diethylene glycol 1.82 1.8 1.71 1.74
2-pyrrolidinone 4.55 4.55 4.27 8.70
glycerol 4.09 4.10 3.85 3.91
urea 6.36 - - -
surfynol (SEO/OH) 0.45 0.45 0.43 0.43
1,3-propanediol - 9.10 8.55 8.70
1,2-hexanediol - - 5.98 -
1-propanol 9.00 - - -

water 74.5 70.1 71.3

Table 7 Composition of dyeless ink vehicles

Ozonefastness of inks printed on Celcast mait photoquality inkjet paper (143 gsm) were tested as

follows. The printed samples were exposed to ozone at a concentration of 1 ppm until the intensity at 810 nm

had decreased to 70%. ‘F’ denotes a final result for samples that had reached 70% intensity. Other samples

had intensity >70% during the test period and the ozone lifetime was extrapolated from acquired data.

Compound Formulation

Concentration (mM)

pH

Ozone lifetime (y)




15.8 7 1.5 n/a 11.1 (F) 7 1.5 n/a 13.9(F) 4 + 4 eq
imdazole 1.5 6.4 4.5 (F) 4 + 16 eq imdazole 1.5
7.5 2.8 (F) 6 (Li+salt) 1.55.3 2.3 (F) Table 8 -
Gonefastness of printed 1nks e Lnks according to °
G onal astness | i hddi L1 on 15 hcceptable | bRET ac] TE02.
9 B 136 6.8 2.3 (F)
9+ 3 eq. TSOH A 1.36 n/a 4.2 (F)
9+ 3 eq. TSOH B 1.36 4.0 4.8 (F)
9 A 2.0 7.7 7.7 (F)
5 A 1.5 55 1.6 (F)
5 B 1.5 4.6 8.2 (F)
8 C 2.0 6.8 12.6 (F)
8 c 1.36 7.5 55(F)
8 B 1.36 n/a 7.5 (F)
7 B 1.5 6.1 9.8 (F)
7+ 2 eq AcOH B 1.5 5.1 12.2 (F)
7 D 1.5 6.6 3.5(F)
7 F 1.5 n/a 15.8

7 I 1.5 n/a 1.1 (F)
7 H L5 n/a 13.9 (F)
4 + 4 eq imidazole B 1.5 6.4 4.5 (F)
4 + 16 eq imidazole B 1.5 7.5 2.8 (F)
6 (Li'salt) B L5 53 2.3 (F)

Table 8 — Ozonefastness of printed inks

Inks according to the present invention were shown to have acceptable ozonefastness, in addition to
acceptable lightfastness.

In conclusion, gallium naphthalocyanine salts and ink formulations of the present invention are
excellent for use with netpage and Hyperlabel™ systems. These dyes and inks exhibit near-IR absorption
above 800 nm, good solubility in inkjet ink formulations, negligible or low visibility and excellent

lightfastness. Moreover, these dyes can be prepared in a high-yielding, expedient and efficient synthesis.



5In concl usion, gallium naphthal ocyani ne salts and ink
formul ati ons of the present invention are excellent
for use with netpage and Hyperl abel m systens. These
dyes and inks exhibit near-1Rsgbsorption above 800 nm
éi%&QESOIubility in inkjet ink formulations, negligible
or Tow visibility and excellent |ightfastness.

Mor eover, these dyes can be prepared in a

hi gh- A4 RlaBdoftihg nEphpE@iddyaite a6k fiehalila @):-ent synthesis. 50
CLAIMS 1. An |it-absorbing napht hal ocyani ne dye of
formula (I): 5Swherein Mis G(Al); At is an axial

l'i gand sel ect edd,;r om - OH, hal ogen, -O0R3, -@%KO)RASQ-
-0( Cl 1 2CH20) 14w ereiBi’e is an i nteger_from 2
and Re is H/ C] 8\al kyl oR'C(0)Cl_8 al 8] ;
may be the{sane or\different and are sele
hydr ogen or oxXy=\ 10R3 is selected fFom ..
al kyl, C5.1 '
R4 is selected f
aryl al kyl; le, KY
and are sel ected A
arylal kyl, Cl.%&
aryl al koxy; and each B i

C5_N2 aryl oky_ oy C5, 12
i nd endently\\electedR}rom
n

a base, wherein BH+ hasya plc ofybetween’¢ and 9. 15

2. The dye of claiml1, erei n .BF\has a plc of between
4.5 and 8. 3. Rhe dye 0y | ai‘m 1, ere\n each Bis
|ndepend§ ly sel\ected r ont Nhe groUp conyy sting of a

ni trogen~base and)ar—oxyani on base. (20 4. ,)Fhe(dye of BH*
claim3, wherein gaid n -ro-.\\Pase a
nitrogen-containyhg C5_127 het eMtg iE W\he dye

of claiqne4, /sai d itrog¢n base is inidaZo )
pyridiégg 6. e of claim3, whereimGaid :%7’803
oxyani on base is g carboxyl ate base. 7./The dye of
claim6, wheqein-5aid camﬁoxyla§§ base R's of fols
R5C(0)0-, wherein R5 is selected/fromCl_12 allCY1,

-12 aryI or C5-12 arylallcyl. 5 8. The dye of claim

“erliherein each B is the same. 9. The dye of claim 1,

Mis€e@'n each B is imdazole. 1010. The dye of claim1,

AMEE 8li1 1iha 8teRonr G, BALRL HOR?, -0C(0)R* or ~O(CH,CH,0)(R® wherein ¢ is an
integer from 2 to 10 and R® is H, C, g alkyl or C(O)C,.g alkyl;

R! and R? may be the same or different and are selected from hydrogen or C,.;, alkoxy;

R® is selected from Cy_;; alkyl, Cs.i, aryl, Cs.;; arylalkyl or Si(R*)(R*)(R?);

R* is selected from Cy_;, alkyl, Cs.;, aryl or Cs.;; arylalkyl;

R*, R” and R* may be the same or different and are selected from C,_;, alkyl, Cs_j; aryl, Cs_j; arylalkyl, Cy_y»
alkoxy, Cs.1; aryloxy or Cs.j, arylalkoxy; and

each B is independently selected from a base, wherein BH" has a pK, of between 4 and 9.

2. The dye of claim 1, wherein BH" has a pK, of between 4.5 and 8.

3. The dye of claim 1, wherein each B is independently selected from the group consisting of a

nitrogen base and an oxyanion base.
4. The dye of claim 3, wherein said nitrogen base is a nitrogen-containing Cs_;, heteroaryl base.

5. The dye of claim 4, said nitrogen base is imidazole or pyridine.
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11. The dye of claim1l, wherein Mis Ga(OH). 12. An
i nkj et ink conprising a dye according to claim1. 15
13. An inkjet ink conprising a dye according to claim

1, wherein said ink has a pH isns the range of 4 to 7. °
14. Lnkjeet. printe 1 S Lkdhead in fluid
P b e RN L S L

20wherein said at |east one ink reservoir conprises an

1. NKj ethe H%K)ff A&Em@! dﬁeﬂs{i—l’x shid c&bR i1k Bade is oﬂﬁlanuﬁmlz@(ﬂ)b@‘, wherein R’ is selected
artri or_.an.i nl gj printer, said ink cartridge
é%ﬁ%r?@%ﬁﬁiﬁﬁﬂfﬁﬁTé?ﬁ?ﬁﬁ according to claim12. 2516. A

substrate having a dye according to claim| disposed

& her e@B aye of faimA, WG is @8sHRll Ng entry of data into

a conputer systemvia a printed form the form

cont ai ni ng human-readabl e i nfornmati on and

9rec hiThe dye@éclahll ewieeihedchdbis anidazéie coded dat a bei ng

indicative of an identity of the formand of a

plurality of |ocations on,the form the method

Pncl e Aty of Aaimdy whseeind} anddyagedathlh ng, in the conputer

system and froma sensing device, indicating data

regardi [ [V e formand a position of

?he 3%%@%8%358J?§%&?3¥§$%§§Bto the form the sensing

devi ce, when placed in an operative position relative

120 t e ifigd: ik c@apRSih@d dye gccbldBg iokBineBt i Ng data using at

| east sonme of the coded data; identifying, in the

conmputer systemand fromthe indicating data, at |east

18ne fAndhkiet ok cormeisifig¥ dve acgprding tetclainpl ethpreig said ik hap @ pH in the range of 4 to

«<onput er system at |east sone of the indicating data

as it relates to the at |east 35one field, wherein

said coded data conprises an | R-absorbing dye

14.C C O rAchi inigjet printeg kauipnisihg a printheall @ flull qymiminwchtiof withret Beshere ingeservoir,

whered] s R4 Yilind b Rbir Ldprifdl Mﬁ& ink LE&FBAW b . PT i Nt ed
surface containing human-readabl e i nformati on and

machi ne-readabl e coded data, the coded data being

1sndi catinvaareifge fohan iolgd bridtey, sdid ok cirtidgepompkisti an igeninktab@rding to claim

ethod including the steps of: 520 (a) receiving, in

he conmputer systemand from a sensing device,

indicating data regarding the identity of the product

161 eMA dubsirats 84 VEg A Iyledskdug,to AN dRpA&RRkdoR. an operati ve
position relative to the product item generating the

11 GRBLAR oF Aol Sl e o ASpBOTE B id i RHR b Biconaining
and .|8enp|? I'ng, In the cgnpu er systen1and_us|n% o

hpman-readafiiecinformngorpad machipgrrdadpble cofed fiad the eqded dapdpeipgingippive of an identity

oD{E el &id of § Siliy\brasRlions sthdtoet) the thetllad inc o TeisE®SE:an

| R-absorbin Q%gmgccordingﬁto cl ai

receiving, i er system and from a sensing e\:IIiée, indicating data regarding the identity
of the form and a position of the sensing device relative to the form, the sensing device, when placed in an
operative position relative to the form, generating the indicating data using at least some of the coded data;

identifying, in the computer system and from the indicating data, at least one field of the form; and

interpreting, in the computer system, at least some of the indicating data as it relates to the at least

one field,

wherein said coded data comprises an IR-absorbing dye according to claim 1.

18. A method of interacting with a product item, the product item having a printed surface containing
human-readable information and machine-readable coded data, the coded data being indicative of an identity

of the product item, the method including the steps of:



52
(a) receiving, in the computer system and from a sensing device, indicating data regarding the identity

of the product item, the sensing device, when placed in an operative position relative to the product item,
generating the indicating data using at least some of the coded data; and

(b) identifying, in the computer system and using the indicating data, an interaction relating to the
product item,

wherein said coded data comprises an IR-absorbing dye according to claim 1.



