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aspect the present invention provides data reader for
interacting with an object, said object conprising
first coded data di sposed on gr in a surface thereof,

sai d h bed i
288 b RO g AR KPR Bt s
UH sppHetion ao ellO@ﬁ)@ﬁﬂAf aslsdtis ancerpomiechherdie by taféreess, sai d

dat a der risi,n ica e
b e
@%Bﬁl‘g%ttfeﬁéh et Olytthidaglethy svafig Stiuen ﬂEld&gdedena sidel Giteanozzle side)

b 88 MRSl L Wl oo

hRAStis@ br¥@stQ 0 RAbwn RIT gire anﬁldfﬂ@é’ ink supply channel 6,
connunlca | ayout data tq a copputer ste In .
anformed bsa@lts ptﬂﬁbme Fremahe TSRy FGR Oggsx‘i‘fa&‘é Qi Photoresist

&) " Fidf Ltlﬂe &ﬁgfb‘fésiﬁ 90 Y strbhpRd 18RI tBSHrench 3 fhrRTheialet 8, which
’co

|S|n di sposed on or in a surface
tpinesrides filuidscaioect ol betwelen the inkewipply ghangel Gand|thg razeeghagpber 3.
: ocat i, ons .8 Vetl}g & 1Hf< fs@pgfy Hafhn & el Q%E c&ﬁﬁgu?edl t@)ﬁﬁl&ﬂ)‘iy ik 1P4
east ‘one €rac enent associ at ed )
plurfilig ©f ncmzleé wh)chall witctiihe simeortloreq indsf Thik err@rmeeemt is Blyptepted in

g:aétﬁggggg gglﬁéc%g%)d J Sdgpag 6181en Agt%ﬁllca:n%ls 8 éﬁﬁfﬁr g@{caﬁm 18/760,254
qApbli@ut Re: RRCO2X)ehe tatitéritnef wikiel is mtcotdwt&blmscad by odednce.

data identifjes (i 0 r he, uni gue .,

i denti 1@91[&13 %@?Sgﬁ%@pp@ﬂgg% E%qnglgﬁria 91\'& {hﬁ b%c nesgl g” technique

%@Jﬁ@' fiflfoAnd Sedho¥irlganQutiredalt fu E&ihbthﬁe}lwﬁg rﬁlspﬁ'hilit inozrlof

the data reader relative to_t e%gg delthﬁlf%lgl £

tsraciiey anithe fer pre being|lishperanbically frmpd; YqtyEhsiandipg e ypblems o

(éhéh)t d DesoltBpi QU o th Q%@;Sth*oyup RATDOPRBDS, it BlaloRERHBICAenRPhing ink
Tayout d nEuter sy stem Optional]ly the

rﬁuppla shameldéq epmdﬁ bsdrm hehanpg} é1d§%fﬁ1§5e @Ptzlaa@dﬂ@ g conditions in
STl BB R g et
d@'ﬂmphﬂm gk fupplylvbannelspBpdropliie mkisspply ehangels enpursbay the aqueous-

read s S eI ected f
Bt e R e ey
n@ﬂtdpﬁoﬁb ab)e facqmmureaths tfothation efdlscaetp arksiordtts mhg; thgink is

a33|st nt ther ~aspect. t he pr t

o i s e SR PGPt TR R g (OEE blifthe ; 4
syst ergeseanhéthbdigor éléhlﬁé&hlﬁﬁdeep &Hﬁﬂhleﬁnttgﬂﬁaom&lte los@dn the art. All
data di sposed_on or in a, surface

clbeeanatis mQER P ARG I L (LRI Cb P B RE o e
{%ﬁn@dﬁﬁfx&&%u@s@ﬂteawﬁﬁﬁ@ﬂﬁabﬁ mak di®dsdd thsieon, [Sgﬂdca@ bh ¥ Bower

ement associated with the surface; and. a ta reader .
c@mﬁnodg inregplasgin r@rmtqrcgl,d exppsse fo @Ibt,omgg}]gafsrpéasgtp o1med from a mixture
f L i) 0k clerated towards h
ST IS AT s phaRracasnen ot s
Smbstrdt@mombmdm aoltage piprilieg tcn%e glept@cyiet Tlesrplagma g@éesd%ﬂhéhe substrate
r.el at.i t £
GRS I SR LATEoA, LANRTr  ine
csimsﬁmris aaklilyngtithel ajmued bta;foamatmna)fo/ohplsrtselrcos pelidssnsu¢has SiF,

A0S SRSl RSBl B BB

obj ect conprising first coded data di sposed on or in a
surface thereof, said first coded data identifying: a
plurality of l|ocations on the surface and a | ayout of
atmMs@@8t one interactive el ement associated with the
surface, said systemconprising a conputer system
configured for: receiving |layout data froma data
reader interacting with the surface, said | ayout data
identifying a position of the data reader relative to
the surface and a Iayout of the at Ieast one

.y . o o oy I L o T



Optionally, the barcode is a linear barcode or a
t wo- di nensi onal barcode. Optionally, the first coded

waoelawa/oie2printed with a first ink and the secoPdI/aue®d 000995

10

15

20

25

30

data is printed with a second ink, wherein the first

and second i nks nay be the sane or different from each
other. Optionally, the first i k is substantially

invisible to t unai ded nd.the second i

o\ sRBRet it %‘ﬁ&F@éﬂgﬁﬁnﬁﬁﬁe%ﬁwﬁép%ﬁb?#g&i%?ﬁ?l‘ftmﬁtlayﬂ onto the
| Bs ind@siBWA1is @ ttRfirehdheasfii ik Séing CEd,dal delbdivel9icRBingeRd base of
with the second coded dat a. Cptlonally the first coded
diedrench esingthe gslasPires a flag for di stinguishing the

first Qﬁgﬁl@thg@ﬁﬁ a@lﬁ%é \tﬁﬁacﬁa%ﬁ bR L 18 the “Bosch process”,
Opt i onal ¥E&5$Qi first coded data further 1dentifies a

| égseubedoﬁ B aph US| 638451481 Thiwis dhecgvingnt mefhesbefpheige in

%&ﬁny@fa ﬁ/{mé‘% dl%gtahgﬂ% W aﬁeﬁ?&tlhgéﬂgﬁl& éegbgﬁ&{ Idd &hing
ayou er, one a out er

astspﬂc Aétbsﬁnmtidm o aphalioal trengh, @fﬁrstmomes depwrsition aflep depossitea

ect nsu [ .
CRUIERE: ool e SRR RER Tl dn B AR Dok o doRdeiEPHPE gas
t plasrpd ﬁxﬂmed froinwmmrmatecﬂmt(e £l GHFH 48 qp Bl dxt the peesence or in the
nunber and/or a cture unber t.1 onal
R Eh 465 SPs Th TN BOAE TR Harapas e e Shenged o
Cedgaf. UREholykaet depdgitedon thdwasé bif té trélrﬁﬁeﬁqﬂddliablfoldéﬂ ey ion

identifies the unique identi f the o
IR Ty S Hanoye 81 Sshpls O Rpy Hegge, anisotropic

Opichia P @laly Yoe abi18vel @8 dvEL, 8 m AR BNl $R8ag8 of MO WIBIARbISS 1 that
di spoSed”on or in a surface of the object, said random

pmlf/@phdqpewnm #ngl eighingesiaps negsldio bp AliRaipd. mhighgneappgontinuously
O D i dtin e AR %19 E?llnbéclfmo'hh)? t}{ejf"cg £ Bl?érﬁhti!oﬁ 1H %flrh rlgfgis BY 518w etch
taggant ran | Sperse In |n rlnte

statésané ungven @remh mctsbwalclp sharagtérezeg bp g@ﬁppqdrwafmq fglnnatlons Plasma
o]3

d fng%élgg Sgasgﬂe g&l c%%ﬁl &2 urgr)s]wét%h Jé)rté o %ga%grbgt%gﬁgormatmn of
sahaVef sidswalisoded data identifying a plurality of

ot By bRy S AR B EPR BRI

t sigewslBNAL Hisassal %6&6 Hj/drﬁpl‘[ﬂbe:r 51deQaIl$ @B ahdagiratlbin (R

tag Jdentlfles a ro uct Co

ORRLIGAMS, Such omRein %@mﬁﬁ e o é&car%ﬁg&y» {ripkjet

S bRt BpfiQkiohd) e WHsEHAECH | @Eﬁa'llgf YolldwH b9 Radloktystcht dMining process,
digital Signature is a public key signature

Opichan BKIGwetrchanige ity Sk pleswa aghingcoricemiinations dhsreof. The post-ctch
S blgélﬁﬁé‘él%cesg%t 1h@ﬂ@c|dlt¥ rentd¥e ¢l 1‘% fodhotié ?&?ﬁﬂa&r £di1&v8 channel
secret Ital signature. Opti onal the RFID tag

i sddwdb@g@tgd oith §1@aH@weYerm0M~@¢leﬂﬁar@m&nra@eéseéﬂn@eﬁléably add to the
o) is

OB G5 LB 0 I FSHST R B AR i
Iaaﬁtcnnkmgdnﬁm@EKCvémshgnent aSSOC|ated with the

surface. i anal t he IDta furthe d
oy oas Kgpodeanadat the aieifar Fosch bibksl Hidheked RS ko P T
Wadsipntdie Applied dfaterlapy nonial thy Applive Maryrirls prosess, defirtiphéstscition

b .la upber d one out, . nunber i . .
o Yich i st tnod Yo D et A5t £R R ¢ ping § SFHRE: in
OBk RAtink Suc GRS TFI@HBP&QQH&E phdsBali@) groblely biy Eé‘rtnaﬁ@ﬂ@ﬂjrelatlvely
data further identifies rodu?t cl ass. t|on

t Aenvelabids kicog byenaidessin ﬂ?feﬁ"i‘ﬁﬁ“f’%“@ﬂ r. Flowiewel b PR Lt

n Hjm}gﬁho@quw Eoafed RIRWAACHHIN 18Ry W8 he APiie@ Nadidrials ﬂr&%ss
product class is identified by a Universal Product
Code (UPC). Optionally, the first coded data further

| gevabddctes the unique identity of the object. In a
further aspect there is provided a data reader for
interacting with an object, said object conprising
first coded data di sposed on or in a surface thereof
and an RFID tag, said first coded data identifying a
plurallty of Iocatlons on the surface and sald RFID
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Optionally, the first coded data further identifies a
| ayout of at |east one interactive el enent associ at ed

wowaoh/o1d1eo sur f ace. Optional ly, the layout is i deeit/AU2@®d/000995
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by a | ayout nunber, and one |ayout nunber is
associated with a plurality of objects Optionally, the
obj ect is a consumer product i entand the first coded

data further ide t|ona

Cpeor B e o B l?%sa Brres o s A1 getes need to be

n uai’gmno@tyfulmfna&dnamd ixﬁpi;: let‘cgihg memhhanes \@t dT)vl’eBipbd/d [ whidheuse

pro ct class is identifie a Uni sal. Product
7'2‘("@@@5 sIAgAL RFsEYApL. Itlﬁtéchfttfﬁhétg e BRSSP Gprmed from

' Q%Qstrsivfaﬁl@gsccﬁlﬁéﬁélﬂlaﬁd hfleatihd Yon@fonbheA @RJi@L blasthfmik is formed from
furt her aspect the ﬁresent i nventi on provides a data

r @a@@s with thel addision of Hags pwwarrer£as bripekiehly degogmensiedio enhance ion
5rlse?ﬁéﬁg Thi [rpﬁttsmg 99)‘?%@1%&0@&1‘9 %sﬁzﬁ’t@éjél{@ Jodet, §ich avoids the

osed on of 1 n a surface thereof said first coded
d dtsadwaa@ms.ome@osah plogesa Nevyrtlaless.iitis dheageserghview éhat mixing the
S r
f lé%%gg%ﬁal%% e?%?tg&{eha%ﬂgg@@ ?tgﬁlﬁ%%ggagtgét 1211% ?\go gltocésgt%stEndqQ Be self-
c oarpelliag. ngcccmdlflgly,sdlmm];tﬁnleml sideenl passfvatnomdsmgﬂgﬁs &ten mostly
| ea of fir a .second. opt
e e s B s
paltér@dtihg passpradosisling imfyfﬂa]ghé ﬁtdstfmesfe@@neﬂaﬁqmg

flngerBrlnt da US|n9 code hﬁ a
sensed OPaFHFEFHAPRETsH Iorg F?Z‘S‘?Pptf‘?“ﬁ esg¥pigh does mof Kequire
| dRGhating ipEmatoad MBS ires A Be ﬂiant PRcésFNERBRIRALA BISI6, 13N ®4at1n the

| east one fiducial; and conmuni cati on neans conf i

ed
f SEMABPRTEM P ea%SWﬁ@na/ﬂemﬂg g formed doa & BU4Ue 8hBu ﬁﬂ He and Ar
SYShéd] is %Eés%ﬁhé gas ﬂl@ &Ff {sTaf kbtcBg 88 GRNGe RRAldARE gas; and the Ar is

sensors are tical sensor or different

0 ptbpméard@enis@hsncmgrgaa ltterdeethpeﬁtp 168 mrigres bpte been reported using

I @ﬁ/qu ce@g RIYtP qu% @bl‘g%{cﬂ r{ltgsagl%(?vewgl ﬂ"l@ fo?e é?ﬁ&t §en used widely
rom a 8 group npri sing ETrX scanner,

a atncactoﬂhédpdlssxf greater thaa 60mmrbrehaphmnebeea rgreried.a styl us;

and a R@% %e abols{?wdgslgng & e%chgpté'ggegses cal% enlg)st]@!i] ol etcehs@é?l%ﬁes through a

the pre I'hve Fovi
I mfpirab@hient adepth cﬁ‘m)vélbleG@tz¢roﬁ,&NldlsSW1&gfh}&hﬁgﬂttln@md@all&rEven

o A s RS eta) R o OGPl A Tt i PGPl hese S0

f icbéd sasels Batdt haerlldd\Hya@philip) hafBlgiatapn@tt anpld WE bidus 60°. Truly
on the surface and said randgn1pattg&p dgjln
T

| Sudppighesuriapgsdiape Fontact gelasipb leshibar %t)lsagfsatﬁan 40° or

r?aggmﬂ REPIbSBPg: a first opt|cal sensor for sensing
| east some of the first coded data; a second

opt i calt veuldsherdepigablaste psqvidy aatew reamive duyRiching Rraeess, AYhéRbris
p
@Irl‘}t;ag{e%’ff ?Iﬁtg’ét%gﬁzﬁﬁgémﬁﬁg Eihxg.tté ggtgé%‘r ng&%? gg(% g%éor{t It would be
S emsteldalﬂsadﬂmmblp ﬁttrtt}@rmpcesemdeame hp&ophilinsideealla after the etch, without
identifyin t dom pattern and at
gas ee%ﬁ’éa’% }20 St'et%ﬁﬁyd@%ﬂﬁzaﬁ%{r{&gag l{ﬁgn means confi gured
for communi cating the fingerprint data to a conputer

system | y ot her aspect the present invention
pﬁ%@ﬁ@@%ﬁgﬁgggﬁgﬁﬁfor i dentifying an object, said

obj ect IncOfiet dspédighd preseht ROERIIn Pedviied 8 thethodafidesp reactive ion
pattern dléposed n or in a _syrface, there%$1 sai d

f Piching @ frgaeh 1gterasubRfesti 53¢ Metog compHsing ‘t‘&/et D§ Praess uiiag an
0Btchil® oB Il ACLmaDdsshalioh HrRBROMiRRA hBERa Cgaﬁ bRSmatwherein said
| east one fingerprint for the object, said system

C BRSPS alaé@ws@ﬂmsesyér@mféwmg @wesld for: receiving

f vBgesRri nt data froma data reader interacting with

the surface, said fingerprint data identifying at

| east sone of the random pattern and at | east one
fiducial; and identifying in the conputer system

using the fingerprint data, an object identity. In

another aspect the present |nvent|on prOV|des a system

o - . - - o



fingerprint data identifying at |east sone of the
random pattern and at | east one fiducial; and

WO d@nid7ge ng i n the conmputer system using thePCT/AU2006/000995
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fingerprint data, an object identity. In another

aspect the present invention provides a nmethod of

aut henti cating an object, sai?l obj ect conprising first
n

coded data and a random patt.e [ ed on or. j.n, a.
o e seperpeet Care b aed e GRS ek R iphiR Mipthead

ggﬁ?ﬁgiﬁé%e%pggpuci als on the surface and sai d random
pattern defining at |east one fingerprint for

t he.
obj ecti) mavidingatvrade hawving aidsnRiectipR side : supppy side;

recei ig)n&dgjéga Bluf PO eI BhuElly fik R8540 dftp fiRtian §iOBT said

a data‘rea nteracting with the surface, said

fwafiger print data identifying at | east sonme of the
random.pat.t ern.and .fiducial; identifying

in thgﬁlgg gfggﬁg%cﬁéﬁtﬁggétﬁrggﬁhe fingerprint data, an
obj ectiv) fieminigtaysiuralitgt catnespentingaizziey eicatoruasiuatars i asgpeiated

the object id ity. | fift. )
AT Rev Ry g7 59 tren st Rl o yBRRERDe HPeRpEEE imasked
Rjhaklicd@igREd; Si Ng an i dgnt ifier, said method _

D e o et i SEILUR Pl oo

%%erb@t@&ih%ﬁr?ﬂsaicﬁﬁﬁbﬁgésis’t;r&m E he data _readteL t _Oda y
computer system ‘said request conprising the identi

dat a; Keid eripping said phatpresizidton fahRichesdf R e f stﬁ»@tﬁ%eby
ﬁ&ﬁéﬁig AT E G o DR RG SHE b8l st fhd sl gslidscat i on

Ssage conprising an indication of authenticity, a
dvetecein paid ok sopplpchanbile ete ciphedusing e etrhing mothod;dgisibed ghove.
dat a gggt}%rcp s r;I:ctt Et\f‘ler? ﬁgﬁ]@\yﬂgdea (af)stttaﬂecoﬁ‘lé)}igﬁgta{ 1e&k b eature etched
nmessage, Veriiyi’ng di gl Cal s gnat ure; ~and
cian\sahaeef teaubltater syt featredfavingshodbprmeteristivs gftuser i f
t he si %naéu][hetj S V@' i d. gati onal ly, the identifier
conpr | @B FLVEIPLFHYE i n any one of : coded data
di spogBykiddwalls sRtadtidlyrheaeadiodlat theaid bjréote; andn  RFI D
tag; a linear, parcode; a 2D1 b%r Coﬂ%ps tionally, the
i dent i (F) Sdevalsppingacoptst BRIEPIISE ERPPy of tags
di SpOSRE Rt spéch tHerS pk@E@dCh iilje ppibjheat congasmgt ag
cont ai ni ng coded data i dent |,fgi| ng .t he obiﬂgct Idec?t-' ty.
Opt i onal | y,2 sebssiatethaying @dran F5caen Fife ansl gt b 8P H% n
the surface, _h@ﬁﬂg SPRbAM asichligd Bihed orSdagn@bp Ejectich skle of said
publi c- key Spl gnature. Optionally, the public-key :
swefn tashaopels agjembly dpeiae as inkgnlsh prd vat e key associ at ed
with the ' BEnAA i PRARIshpply §ilk8 each ink
si gnat ur e%&%@ﬁ?#%sﬁ@?lﬁg a %ﬁgﬁngd%%ﬁassoc?ba}t, ed
éuipblytchenret berag ie flodd/con@puriiuiah Wjth at leest @bg Wk idelder

obtains th ubl i key .fro e. tionally,
t W erﬁlgﬁ?ﬁdﬂﬂ%%%@yicg‘a%g%ggf% egh%vl;c{i%k%sg&tnan ufcf\ct ur er )c;r
a cer t(af 4 @aptleofaveh 00 raigronfpt i onal Iy, the

aut hent | cati on ssa I denti fies the nm :
Opt i ot FgevR AP A PP Pt e Ao eat oy e guly side
Pt thO®BdshMe; daie certificate includes a description of

t he manuf acturer. Opti onalﬁrlﬂﬁg,%éhe data, reader conveys

the desteifpyallshadns ¢ prnisrt AdRekleisdian y t he user.

Opt i ongild Yehidd VRetHES S thé){;ﬂe%t Riverdiidf pRIidS b neanyby whish &bnches or
| east one of:”  an identity of the object; a _name or

delmonélpeandie formed ingwhgtrates: The frenphes gehgels @fvaniageously have

n kUL ' 2RI ) rfht il ing plasma
PR SURUIEEY Sl B SR E BpanGrSiEbl il cictingp
pur chased status of the object; and a pedigree of the
opL &Gty Ootional Iy, the description of the object is
conveyed to the user visually on a display or audibly.
Optionally, the authentication request conprises a
nonce generated by the data reader. Optionally, the
aut henti cati on nmessage conpri ses the nonce. In another
aspect the present invention provides a nethod of

- . - o I LY



thereby allowi ng the data reader to verify the digital
signature and convey the description of the object to

w@2w3mt6726 the signature is valid. In a sixth BESPavL006/000995
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the present invention provides an object conprising: a
first identifier identifying a unique object identity;
a second identifier identifying a first digital

signature fqr the identjty; and sk f.or masking,at

S SherNey ofenchat RGP sl Prele JropBe SBuupr channels used
| el QRbhdolu ﬁﬁidic%?ﬁ@itiﬁnst, hRnat iﬂk%aglﬂ;é eRRnsB skoRet Siaiiidafd. er

I's readabl e, only when said nmask has_been renpved. . .
Opt i ondielcehingnsfhadeayt berused foa siching iulifadpep tipehesauto silicon, having
PUdpANGH a YeastABD YrikrDR WBCRBDALHEALH fat B MbRoI@SIREmal RIE lag is
Qptionally, both the first "and second identifiers are
nebskiered ustes thisrmadthad. Themethed 2led proxidgs Wably apiseieniegching, whereby
vi i . ) _ _ ; |
Sl A 00 L AR y SRT  OR RRAAL e s
ohijrfacd. Bys‘sytatktgbtherpehdicutas kit angagt hatthe thoer dngle of the sidewalls is

ackadgiflg fog..t he.object. b oYl o
RENEH Planfhr Rt et AR pnd e BT b 5
i ghde2sur face of the object. Optionally, the coded data
is contaj.pned in a ]Jinear bapcode, a.2D barcad r i
pl ur al /it@ tiggel HF‘?t}YlaLatﬂlv?%@?se? © Pﬁeﬁg}% F%/‘fen?%lnﬁﬁ‘i?t%f’ ggtenﬁal
ORAHABeHTtah 9 Badtletth cleamuptstshe dudhalk EK S weli d¢nB@br 0) phvma dry
i nside surface of packaging for the object.

nally, the at |east one nmasked identifier
conprises an RFDD tag. Optionally, the mask is
radi opaque. Optionally, the first digital signature is
sBrlaitedeldestriptian-of Wntigeal featurgs pupl i c- key digit al
si gnat ; t:= | g ' i
 andort o e RS [, ikl oy AR Slen AR eclior, such as an
cimdpetivelyssomplediplesing dering feagor. Plasma sighing reagiopd are vl kpown in the

ts N v eai ) ) . . A
SHEBErea PP LSRRy Yol bl Ml 4 ok AR sy
t Restdny; BL.CaMypReltyg e ethihgigtredctaicgmatises @eshamber dorirfed font .

tionally, said third identifier fur r_identifi
P i GERtry P b e of Rt FieqoP BT it However
f bthet dekigené i rbackir atigatldbid @6 thnpEtacirvanion iFruidbie forGeeteith any
(EPO). In a further aspect the present invention
pb8% PHRIas™A Giehipgigager r egi st ering a scan event for an
obj ect A\MdibrRuERFRREEdne Sy Shdt isSﬁécﬁt_oQ@ﬂi@@%aW@@és&hﬂﬁ@iuced into
a first identifier identifyi ntg a uni que _ obj ect
i theshamber. Thedewizndpape3arn acedlaatcr durils 3 subgirge fispespd on a lower
di;gd ' : oyt BasisbEith te/ FRACL, BichMs ks dcfieved b
s tf"% (SLADSHE Eon 1B rs% Ty ek e
s ewdrivatiogef physical honshai dinamp anvodheminapycaefiong Vemeus $prippd means are
of . rempving. th " ' ' ad-
o
t homizily epetgyi e mitistryte tempetatige,fthe gtamdiepressiresitey dfawilly ef course, be
and. sendi t registration data th t
PP i e P b0l s BBl el Py DBl pagye rscor
t p@aabieRGh oflsr PWpthisedhingrbditialsl For dxh@plegie shanatter pressure is

dat a_f her identifi h | tity. . . .
CHRFUH 5 rangt P Ehiadlb magn i) Pl T ESsme P Hiion frling
dagbrypyeader used to read the identifier. In a further

aspect the present invention pr oyi,de(iﬂﬁ)a nmet h

of .
aut henPriéepellpgheiqtab ppet oEBysRbE 7R a’iltdéﬂ’tcﬁgli‘aé ft egrgrises less
AR V{;ﬁ%, 188 hah #8131, fdr ¥ss 11281508 LPAE pAQARRILS %2_&%155{?1%. The
steps of: renoving the nmask;reading the identifier )
udopagt mayibe iaatrpétmg intq e glasee ghambenaneitheya Hawia or & gasd rgoxic or
appasddentication request fromthe data reader to a
conmput er system said request conprising the identity
data; receiving, in the data reader, an authentication
nmessage fromthe conmputer system said authentication
nmessage conprising an indication of authenticity; and
conveying the indicated authenticity to a user.

o g, e g, o o o o o




identifies the digital signature. In a further aspect
there is provided a systemfor transacting objects,

wea@h/oodypect conprising an identifier identifyP@IyAER006/000995
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object identity, said system conprising a conputer

system configured for: receiving transacti on data from

a data reader, said transacti Z& data identifying the
o%jg&ct identity, identjfyin transaction history for

t FPISBiedRt tehiedydropiiignaionants (R ek mewns thyp figuds are

| SldtinteY pRASTdAQE Bades. AAGAGH B, biitorsBRARYS vaporized in the plasma
transaction; and either: (i) allowing the transaction
aftmbsdat i ng the transaction history hi the event that

t he obhi i 1 . 1 i ..

tr anaact el G ord it ton B Eln e EY & RS Xontaiying sopound.
t phaspleorgfatoatairgaglermpaund hecosbartionhthereofh ©pttnaligs the hydrophilizing

SR e e R R chr BB S oo Gaf. et

i phopsitited iMA) ot combindimngéecol.bed with reference to the

acco nyi n rawi ngs, in which: Fiqgur is.an _ ..
e B SR onintls Wl kppwl G Brmaiafisiipon elasses.
FA?(hfcﬁn@y,l tEendl lsiﬁét(;ﬂzim g&uﬁfng ifrtoﬁy‘;ﬁb Ie:ﬁhftﬁﬁca?ff\ Egﬁ@&iei ﬂﬁgsp_hosilicate
Wi er.l abe cupent o igure 1; Figure is
oG Dbainte S e ARk iR e honcperbinations
Hneebd. S8EH ¢184364 H¥B RihovRf toftle Mibr&hyldrofHi gl kh g Sicdntidkidd. ' St

exanpl e of a tag structure; Figure 5. is an exanple of

a syntoptiogat. thedranch gidewalls resliing diopcthe pish bver qputaet apgle of less
Fingh!5®, Bss theh £, G1ATRIAE 308, i s WY

cells of SSFi gure 5; Fi gurg ;@&ieg;% é‘ﬁ%“&%rbgn%@g‘ﬁ%%ﬁ ontrast
bvith Bie déghlynaydrephohie sigeivallsoesultingofonF iy BosctbstelFiThey are 8lso

[ 3 SLr e of, Figure. 4 with
PR Aot 6805 2 NS Sy 83 et it st
witohi 60°a tag group for the tag structure of Figure 4;

Figure, 10, is ex le,o ntinuous tilin t he

t ag gr‘%sunﬁ%nué)fle%% l‘f?’gﬂg’f“etﬁ?%ﬁﬁge RTSE?DE InyRaton ‘Frgﬁyo?m“des

| subgtartiaily enisatapiacidse, beyvidilerdnaBesStitiuibstiial prip@ididilar
4: Fi ured%f%N S an %ﬁarr_pl e of il code word for the tag[]h
S%lﬁle@@gﬁll’t% 9 é’ﬁf?rel THIEHOR, (VET 0 miceongy Oé(ggaw'gwgcrgf@ with aspect
tiagosdT@vert 195:€] @RE 2.1 NGXREF AL &N 0.0 PO 201868 i RRRLIAY
Wth its corresponding bit index in the active area

na_éjﬂ antggeqiyt lor gighing nkeipply channels dydnsnrasiad fricating. t ypes

Wi t hi RichAY, HeQkihddas uldd€o LRl ?fu&%ﬂ% Y GenBheshh Q#&b@ﬁé‘té
Figure 15. i's an exanple of continuous Tl ng of the
tdgulipneensly, vhempinghe positipns pf e trenches are defimeddyarmask laykr on the
¢ . At on L ndi : o > -
PR, FPhiBhly? e ok Skl AR TR (i BB o QRELBERe Biicon
eX BRSPS’ ok photosiat. codeword A for the tag group of

Fi gur .- Flgure 18 1s an e .e of distributed

cod evvg F‘%) grsﬁfgiy%?glbsua Pt s e%[gﬁ {l%ﬁfm Y% BIBIG%FS% Tg‘ﬁ pgthod of

1the presegtineeritdn. $e§ec§'gitﬁ isa'mpbmanbeéalulsﬁijt ?anpelfa‘ai{i@iﬁliﬁﬂ tgé fﬁlask does

ta roup: Figure .S an exanpl e of a code wor or

CREVPI Y S5t S e Jlipdcopdieartyn esaeral; Qebirauhaipg : mask

exRoplitesate athicaghls il hatl 6xidEh@blss 8mpdrSd Ao R HBHBIeSist masks.

o\&,a S ol unit cel] for the tag structure of Figure

2 }th gp P}é)t‘fSS.IStir%aSE»ﬁh%RrS?FﬂF BVetioq ﬁYI&‘Mu&)gW@F a Hstraly pmesk

WBleétivG( ol TeaSif30HI, Bptfidhaly at 1EsBMT: £ 02btiohl 2R 184, §vitH a hard

synpol bit ordering in the unit cells of Figure 22;

Eiigmeash.ghe prgsophinyention| tepienily whves e sepstete uosl selasfivity of least
UL& Teakl 1@HE o . e

SO opicRay I DUELY opaiR A ieok TS S pigtPe oy are

structure of Figure 21; Figure 27. is an exanple of

GRNbRyous tiling of the tag groups of Figure 26;

Figure 28 is an exanple of an orientation indicating

cyclic position codeword for the tag structure of

Figure 21; Figure 29 is an exanple of a codeword for

the tag structure of Figure 21; Figure 30 is an

exanpl e of fragnments of distributed codewords for the

o o o ~ A o ~ A o o




Figure 66. is an exanple of a secure scan event
interaction diagram Figure 67 shows a consuner

w@e@doed726 t em wi t h Hyperl abel tags and an RFI DPCE#U2006/000995
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Fi gure 68 shows a consumer product itemwth
Hyper | abel tags and a separate barcode identifier;
Fi gure 69 shows a consuner pr guct itemwth

erl abel tags_and graphic d%ﬂa cont ai ni_n rapdqm
oPEPHSiRg ERan i Ga Aethog arlissi te geo%t%wnr%%ﬁ pmpardmert of the
t a@sirat@nd Figure 70 shows a consuner product itemwth
an object identifier code and a di?ital si gnature code

havi ngThe methed efthepressat inventiop sercrallygmeddesapceptablydighpich rates.
PTI PEC MENT e o HeRRIE |

Egﬁﬁgkgﬁfggpﬁgmgbnsf%%gbo a denséﬁgﬁghg& t |nga%%

t agscrokiath, dpégnadip abldes 6inicsordinin, boematohalty dt teakttVernisl-@riain are

Each _tag.al so encodes, in conjunction wth adjacent

Caely SR, KRPRTED Rl S LB PG RGP dgrees (o5
| D0G ARrOIETRBEEN Y VT ddnDe Sl B AnK $UPpI§ &hhnihels in printheads.
corresponds to _the entire _extent of the tag

. ed —
sur f ack ons gelodiEmepin e dyvgation en@l@ﬁéé?m@pe%ﬁﬁ%ﬁ”aﬂ passivation
Hi RS 28l g Wit HBuBsaRsatdhfiY/sRlewhll %aﬁ@%ﬂ@ﬂ ehelB@Bod Qmprises the
use in unique itemidentification for a wide variety
ofteppitching ¢ ensh intp glestbsingtegsing e eirhig @pdrpappivating gas plasma. The

p . i . ; i UL > i ..
e sl ke PR R EARRSEL o) Bpoo AR b Yomprising
wekygden;ahsamigert spwtering gase@) & {ndrinated etohingezas;mad €8 adiydiaphilizing
and ot hers, ing Menet(tnm digital printing
tg%%%%@%gﬁw?ﬁﬁﬁ%ﬁwﬁs t he subject of a nunber of

pendi nQptimapatiknined ppitiedad ga6nsarporc Opdomdlyl iBSRow rate of the inert
10/ 407, 212)., . erlahel ta are pripted over .

s opdeand #al i UERbe oo L D268, SIeMMEE 4Gk Qpyapgly: the gas
d eIt llstnajb r?,IS %her i@ﬁrt @%@& @mﬁsmbﬁm.h}m@vévag litrig generally
using infrare ) ink. By printi e tags.in

i RIEfeaTed do Bis<ur eV ofdakio SHRRIHY _C%IBE Sy gas fifists

i nf r ar ggls figfringel bdRing LhEmAERS an:yrifubﬁﬁ@ﬂas@@g@, ®Akth Rgn produce
and hence the tags are invisible to the human eye but

afleoringgpdigels & sijcon e plpgmasetehiae Tereige Toe Hugnajdiggs may be,
Ar RBHAPKFANE, bl tob&iires HBeSt. @rpltigﬂ@y%& hh&%laieﬁagqggl e

nformation to be encoded over a large portion o
n@ptomsly othi8pwsate bede fluginatedrass isiis thsirengsfof 4@ to BW scpra, or 20 to
0kh Apa bpﬂgllla(:ﬂ ,tt%%( FatiBlor AR t?e?'n% %Eg (?%narg@th)stg A0 idrd gas is in the
| aser or |nag¥ Sensor can frea e gs-on any part ©
t agsof2-a¢ & t,or pdOft@i.ns associ ated actions, such as

val i datj ng each individual.note or i.tem An ex | e .of

Sich. albghssirsie ey P R e B P TR AT Sigion to

1 F)X)‘glén.t FI:i'r sxause R, mdy%ogbéﬁﬁésbﬂb@ brdég’?bwﬂﬁﬂﬁiviﬂmmssd 'i@lﬁﬁn.d

o] r aphi ata 2 printed usin i sible.i ,..and co

dQpHo %P’o‘n%ﬁgawffi‘% af PSS Ig 88T lsg%ﬁ@ rapze pH A0 LA o §:43% 60

| Dbl dpSioillyl 1Ak RHRGH inée sBhi@ARE kadio @a&w’aad% By i8inZBORnge of 2-20
whi ch corresponds to the spatial extent of a .

cbr haxgopgivithly Palorp & - Bptiamdlivdee rati of flugyinaie cshmeEagte

g 1Rivhipe gag i g?er}mhge- 55}/1 B9 b1 3 1he@sto Restag, and

termning and interpreting the encoded |ID using an
appr opWithpet wighingie betbaird by thews. thesouseesd @pigeteapyaletipgns

t : ' .
aSpifaREh; SEAROoLI S S Serioh BRI AR
based Orygehand fu@meaatbcklsare firsh g¢nemtdday thkalasmafeeorfiiDg to
can Isggge(géﬁd to reference a docunent description
whTEH® # the individual elenents of the
Hyper | abel gigowrent, sand §iF parsipgular «descri bes fihe

t ypgsalgd spatial extent (zone) of "interactive

el enents, such as a button or text field. Thus, in
this exanple, the elenent 6 has a zone 7 which
corresponds to the spatial extent of a corresponding
graphic 8. This allows a conputer systemto interpret
interactions with the Hyperl abel docunment. In position
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ot her tag-specific data. The surface coding therefore
allows a sensing device to acquire a region ID and a

WO ag7posRe i on during a purely | ocal interacti oPCAUR0N08/000995
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coded surface, e.g. during a "click™ or tap on a coded
surface with a pen. A wide range of different tag
structures can be used, and s%$e exanples will now be
described. FIRST EXAVPLE TAG STRUCTURE Figure 4 shows

the struct etof a cohpl ePe+ Qg+ €ach of the four[2]

black circles is a target. The tag, and the overal

pattern, has four-fold rotational symetry at the

physi CHie dxgyel radikals bassigatatie silegh eifice by €isst Bdsdridng onto the surface

S | ,._and eagch synbol .represents four bits of

i%%%ﬁ%ﬂ??@wg%ﬁﬁﬁﬂ °§%§ﬁ&ﬁs the structure of a synbol.

It contai ngyfou r , whi ch repres S
D oi(sfras %@%é eegfdﬂngff NI

t he val ue of one y Its presence (one) or ab
(zero). The macrodot spacing is specified by the

par a r s..thr hout this docunment. |t h nopj, nal

val ue of T45HR® ‘gagg% Y88y g?@ eﬂl‘iﬂwéqhs qua%e B"ilsf’ 8ﬁ1h8?r ench.
1800 datas thedasd ofche trdrdokyahedxidd thydr saifibd w@eled 18y fiafalloRing
10% according to the capabilities of the device used

t 9°pPEuce the pattern. Figure 6 shows an array of

ni ne adj aceg | acrodot spacing i s unyform
bot h mﬁthiﬁmgﬁgygg?m§g§ﬁ§§ﬁggls. Fi gure 7 shows ﬂ%L

or der ihgueh)-nFhe bintsrai PhBil (ads yrisoD,F,Bids) zero i 51 he

| east significant within a synbol; bit three is the

nost significant. Note that this ordering is relative

to th éll"haraidmbaitsiilm;l @T]lpﬁdeeaﬁlawmoﬂl Qxy'ﬁ_ilterdi@df ipeag@%maiﬁ@fﬁom the
articul ar svpbo 1 hin tas is indjicated by the -
o?ﬁ%’ﬁﬁ%r??%nﬂ@% {Nhgeﬂr e e o5 PrRiPicH; spréeringgWith the silicon
dhit @g BB of thOtrgRAeERhled thefl@ring Mddalan 1R plahla By pReLe with

W t.hin particul ar segrent of the tag have the sane

oFFIRg: 53? giqhing &yi&ven pthewplakilityrpd shisen Buerisle spesiessymbol
being closest to the centre of the tag. Only the

macr odots are part of the representation of a synbol
in the pat®@n+ Fhe square outSinfe of a synbol ig6used

in this dogunent to nore_cl.ear el uci date the
structure 'gg'%a@?apwﬁu?éggga way of illustratfbn,
shows the agtgak) patbern gk @ tag with every bit[gpt.
Note that, in practice, every bit of a tag can never
be set. A macrodot is nomnally circular with a
nom nah kAR &fuafos (B/9)4, N&H; surkbdces -
var¥ inpsize §ﬁ?O¢?gg£ol§iﬁgR 0 thgnggﬁa F%%gggg%gweﬁmm
t(ad) erpvgsents adserbed o gprepresrnés gaieandat ¥ endhn ana atbitrayg integors

' J Vi oGl P : i ' of (17/9)s.
e 2ind Bl BUIO R S0P Bon SR b Oy
accor di tegms of achisvingpaisetkdpyidesnpthetetvh, dputiag SUsprbsdnts the key

duce ttern., The t attern is |l owed to . .
RSy A 05 BT kS L R Bt vy
capapi Sindd thsetoliing plsiteisiaceldigedipdrferdicaiitg ovwdiés the silicon

pattern. .Any deviatiopn fromthe nomnal scale is )
PAE RIS OIS TesRipr it R OF BRVRBG Ao 5EHE RissrigR fon
@herg@aé thie ORseSHBIeLisolrBHib c@MB Chn BIRMEvVEd, the tag
struc§¥re in Figure 4 has a uni que |abel. Each | abe

g ! I
consi <t 8°ngraldhe Erspen the log eperex indhie plasma s greater the dogree of
B0t s © I | G 7%hi i
TS L SR8 Fh818L AR of BuBhiithi SRR erg RG] e e

04§ PP 18 e Rlasmasreanier. dowevsuranpesitbleavayay athipdsg high ion

[ ' ti i: £ N tag group square.
Traey SLORsRat R AR B hBaiRE BT 1P 2
shownedrn Figure 9. Figure 10 shows how tag groups are
repeated in a continuous tiling of tags. The tiling
guarantees the any set of four adjacent tags contains
one tag of each type. CODEWORDS The tag contains four
conpl ete codewords. Each codeword is of a punctured
24-ary (8,5) Reed-Sol onon code. Two of the codewords

T T —y Y o
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conpl ex etching procedures or post-etching treatnents.
Background of the Invention The inpact of NEMS

Systens) devi ces on tPET/AU2006/000995
m croel ectronics industry has been extrenely

significant in recent years. Indeed, MEMS is one of

the fastest growi ng areas of nhcroel ectronics. The

gr owt h. of .has ,.been abl éd.. to | arge extent. b

Phe "exoanel G SrprEoas Rentr i fuRerf el Stins e
neifebaciadieatioh siepCiha-BosBostianbans. Gith deynatieg e@hiclg/passivation,
structures. Photolithographic techniques, of course,

r teynethpdicgmpspis et Miohg t echni ques, which al | ow

accur affet@hicdTnRGhOfubBiraib kD SeHISE £8 pRisheMBabieling gas plasma
beneath a mask. MEMS devi ces have found applications

I poraPgige variety of fields, such as in physical,

chem cal a ' ' i devi ces. One inportant
applicati ogg)o%)ﬂ%é%%{egg%@ggﬁi’gg% n inkjet printheads,

wher e mi cr dbsasihert spttgandgas; f or i nkj et nozzl es may be

manuf a US| | .

hopl i COnPERE et 8o MlcECh AU rad N f BRG0Mine gog lasma

i the pessixatingpasidasinaesmanging:hese are described in the

foll owi ng patents and pateaewt applicati.ons, all of

which are | AEOYPOPAPERINE &PRs: @n‘(faé’fe ence. 10/ 727181

10/ 727162 1B) 7 Ryit&hiliMg/dpast5anti0/ 727204 10/ 727233

10/ 727280 10/ 727157 10/ 727178 10(.727210 10/ 727257

10/ 72798 lempatBEp EcDeaiRe ey 1727180 10/ 727179

10/ 727 H020 k8123 88find Qhsl €16kt SHUFHE LR crkDihd By dkOfhiliving dopans
10/ 727158 10/ 754536 10/ 754938 10/ 727227 10/ 727160
18egenczaly as0lesuibsdprepi?dsp15 10/ 296535 09/ 575109
680541‘9},&@&@?,2@9 siflOROLI BN d8én 82WmpAsLEAZY ZiRhough any
674776010/ 189459 10/ 88488 0/ 943941 1 /949294
1siliogegsiting deresifon gasie. g230dzed WEOM) pey be npei@thgrgases that may

1 B Rk e I BRSO RN DedR e o

16618544 35s 18185 4ase, 13/185481ing $10p (H4S5embles A &FUED Brocess for

1Q/ 854526, 10/ 854516, 10 08 10/ 8545 8 s

L SrRRGRE Brorph ka0 A R R AR (RS FBabRosphositicate
1Q1a85B286) dith 8 546HAte] Dh BG4t d 0 BB ebathles hGy @6l BRBing step in a
10/ 854523 10/ 854527 10/ 854524 10/ 854520 10/ 854514
16PESPEIE5%1 0/ 854513 10/ 854499 10/ 854501 10/ 854500

10/ 854502 10/ 854518 10/ 854517 10/ 934628 10/ 728804

10/ 728952 10/ 728806 10/ 728834 10/ 728790 10/ 728884

1 Brgbldesenptaay oz Sheddrawings 708783 10/ 728925 10/ 728842

10/ 728BQ3re 404 £ &Z}g&ﬁ&%z&%ﬁ QoY a?x%ﬁ%&&nl Qr E%%%@éad;

10/ 773198 10/ 773199 6830318 10/ 773201 10/ 773191 o
10/ 773Higere £0# 7 78298y NUFPETBEYEW 0F thy Bazgls argprgerpp shown in Figure
1Q/. 773 197 10/ 773203 10/ 773187
18?@%&%%%“%%#%%%%%@”%%@%%%194 10/ 773193 10/ 773184

11/ 008Hig8re Bli4 8 6@7HY fetdBebR04eve6tBd printheprdavzde a50®Oment shown
6457809 6550895 645 428133 6746105
15?%@%5%%6%%7%ﬁeea%zﬁéf%%8%§%9§§ﬁ@§% 6750901

647 686Bighra3d383 6utca2P B dpetiive0FB OB klt08RF B0ak $ipplodtasse]

11/ 097299 11/ 097310 11/ 097213 11/ 097212 10/ 760272
187486994 10/ 760187 10/ 760182 10/ 760188 10/ 760218

10/ 760217 10/ 760216 10/ 760233 10/ 760246 10/ 760212

10/ 10/ 760255

10/ 760234

10/

10/ 760231

14hROR4L8
11/ 003700
11/ 003698
11/ 003463
11/ 003684
10/ 760202

A PN NN A PN

10/ 76
18hgwastoris sonipmreigs falloven3786

200

11/ 003334
11/ 003601
11/ 003420
11/ 003701
11/ 003619
10/ 760197

A PN = NN A~

10/ 760190

11/ 003600
11/ 003618
11/ 003682
11/ 003683
11/ 003617
10/ 760198

AN NN

10/ 760191
11/ 003354
11/ 003404
11/ 003615
11/ 003699
11/ 003614
10/ 760254
10/ 760249

A PN = ArNeNss A

éfé@ In/H8ARR L RdueERAP zou%)%d s A3 DRIE reactor.

227
11/ 003616
11/ 003419
11/ 003337
11/071473
11/ 003702
10/ 760210
10/ 760263

A PN = NN A



and 10/728,970 (Applicant Ref: MIBO7), both of which
are incorporated herein by reference, there is
walemciidiedd a nmet hod of fabricating inkjet prinp¢EATS006/000995
froma wafer having a drop ejection side and an ink
supply side. Referring to Figure 1, there is shown a
typi cal MEMS nozzl e arrangenegt 1 conprising a
bubbl e-form ng heater el enentl’act uat or assenbly 2. The
actuator assenbly 2 is formed in a nozzle chanber 3 on
the ppgsivation |ayqry 4 ofia, S0bd Qomapaf er 5. The
wafer typically has a thickness "B" of about 200
m cr oBiaswhi | st t he A32¢MHzHAMHEr Maypi cal |y occupies a
t hi ckpess, MA., . ab ; ' . ' t | 10 ©
2 an oRE DR Cnaihaety PO R B S, T
5 to Chen&MOS net al |Amdizedl 4 ldyeshembér v@limat er connect
7. An_inlet 8 provigﬁ§ flWid connection between the
ink sOPPPY channel 6 '41d"t°Re nozzl e chanber (renoved
for clcaslidgy i n Fi guBackside KelAdS cdolinge circuitry 9 is
provi ded between the wafer 5 and the interconnect 7.
The actuator assenbly 2, associated drive circuitry 9
ang i ﬁkwiﬁ}'ﬁ@oﬂrs@,}[b@%ﬁ%’e%iﬁte?ﬁwa e pfdééﬂ_iﬁd/lehﬁi\rﬁﬁiﬁl -bEEﬁd ldepcribed
and through a wafer y |1 thographic masked. ..
aush b B mRERiEand et TSR O] PR Tadk 1R fis seope
1@4iRARvcRe b, WHRlHAD adiich B SfenRE M Rély g LRis. Dy ref erence.
eferring to Figure 3, the ink supply channel 6 is
formed in the wafer 5 by first etching a trench
partially through the wafer 5 fromthe drop ejection
side (i.e. nozzle side) of the wafer. (This trench
will becone the inlet 8 shown hi Figure 2). Once
formed, the trench is plugged with photoresist 10, as
shown in Figure 3, and the ink supply channel 6, is
formed by ultradeep etching fromthe ink supply side
of the wafer 5 to the photoresist plug 10. Finally,
the photoresist 10 is stripped fromthe trench to form
the inlet 8, which provides fluid connection between
the ink supply channel 6 and the nozzl e chanber 3.
Al ternatively, each ink supply channel nay be
configured to supply ink to a plurality of nozzles
which all eject the same colored ink. This arrangenent
is illustrated in Figure 4 and is described in detai
in the Applicant's copendi ng application no.
10/ 760, 254 (Applicant Ref: RRC022), the contents of
which is incorporated herein by reference. In either
of these ink supply channel configurations, the
"back- et ching" techni que avoids filling and renoving
an entire ink supply channel with resist whilst nozzle
structures in the wafer are being lithographically
formed. Notwi thstanding the problens of etching
anisotropically to a depth of up to 200 mcron, it is
al so desirabl e when etching i nk supply channels to
provi de hydrophilic channel sidewalls. Optinum
printing conditions in an inkjet printhead are
general |y achi eved by having a hydrophobi c nozzl e face
and hydrophilic ink supply channels. Hydrophilic ink
supply channel s ensure that the aqueousbased i nkj et
ink is drawn into the ink supply channels froma bul k
ink reservoir. A hydrophobic nozzle face ensures the
formati on of discrete ink droplets when the ink is
ej ected fromeach nozzle and al so mnim zes surface
flooding during printing. Several nethods for etching
uk&nﬁgggp trenches into silicon are known in the art.
A tRese net hods i nvol ve deep reactive ion etching
(DRIE) using a gas plasma. The sem conduct or
substrate, with a suitable nmask di sposed thereon, is
pl aced on a lower electrode in a plasma reactor, and
exposed to an ionized gas plasma forned froma m xture

______ — o N 1 o o I Y 1 o "
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a passivating conponent and an etchi ng conponent. A
typical plasma mx is formed from Q2/ SF6 with the

waddi7ioienoof He as a carrier gas being highly PCT/AU2006/000995

recommended to enhance ion dispersenent. The plasnma
m x si mul t aneously passivates and et ches, which avoids
t he di sadvant ages of the Bosch process. Neverthel ess,

ciaiNgSt he general view that m xing the gases gives

 ess effective anisotropic etching, because the two
processes tend to be selfcancelling. Accordingly,

Bl W'Aﬁf&%@&'éf&bﬁ{?g@té RS b L@lstrRHe, B i i
nostly confined to. egohlng rg%éirveﬁ§ﬁéﬂ&t#ﬂ3?@ﬁggne“mng
IPTP@QS@W@&% anfegghing ga plderopad Bretivadion prastsshuking a passivating gas

AL AL AS,BRRSI N IV LANLORAL S, DL 80 e, RS

et chi ng uItradeep trenches, which does not require

I
e cr MBS CORgS 1ot oy AOEhe RafiBhocess, &

paSS|vat|ng/etching plasna is formed froma m xture of
2, SE ) IS a passivating gas; the
BF | sThaﬁleéltOé wrf] ﬁlgmg éswher% s% efoling sesaplasmeris gergratedina plagma
é&mﬁéw@ﬂ&Oﬂﬁﬁﬁﬁﬂﬁﬂ%m&ﬂbé@ﬁ%ﬂﬁsQ@%mmEFenCh depths of up
to 60 m cron have been reported using the Lam process
with acceptable etch rates. However, the process has

fot 'beg '?ne’ttﬁﬁq)f Wafheh % wién %Qt@n&eﬁﬁ%ll?;es%ﬁl?%ﬁ&{l i@k have a
60 m cron have not been reported

tspcanglead fishdn 88°ch processes can be used to etch
trenches through a typical wafer to a depth of over

100 micron, whilst |eaving hydrophilic sidewalls. Even
When The althOd kvf rdraim: e,svshe@in thedigdrophitihing dembn@ntpyisésecioes:-

(?Pglzn;l]lg% comgro n LorHs %n%auﬁmg mpcﬁlél@ Pﬁ(é)ngjl%aglﬁ%b?rwf

angl e of about 60 TruIy hydrophlllc surfaces have

ontact anagl,e e eferabl | ess t han
§ 0" o At niltEn GF 0 LSRR in i 0op Bl G b ool pRree i Bpound
deleced @vhdBe GolLVorkEaed ¢ A Hi, PH,Lhelt b RER CESSB,), kG

ii's capabl e of anisotropically etching ultradeep
R}’PB%’étﬁZ’gMgtord‘\‘?@meﬁ?PS ‘?f?% It would be particularly
desirable for the process to | eave hydrophilic
sidewal I s after the etch, without the need for an

Dost 1se awtheg of eiamm Liwhersin e tiendy sisels resiipgirgm tife otfhe
doﬁl\f)?i dﬁ%@pﬂoﬁh@até %lrascst(Pg@P §6losilitAIE £REIBSAS, b'ofb\fyﬁ@stphMmate glass
rovi reactive ion €etch
8F pr qombinationsubereefat e, sai d met hod conpri SI ng an
et ching process using an etching gas plasm and
passi vati on process using a passivating gas plasng,
8aher dibmnsthod opesini Vathiengn sradtrgich daea deptipefiosersl 08 micron.
hydrophi I'i zi ng dopant. MEMS3Q PCTIn a second aspect,
there is provided a method of fabricating an inkjet

Qri ntipeagiiee Bprslmsi NovHehsEn §bRRASitYSftrehihes B Rhkd] hﬁgsaﬁt substrate

. wafer having a _drop _ejection side and an ink sup

sEpirnequsiy) the pesifiong oésagﬂl tr?rsrlrwutgfdeﬁreéﬁtyrrégastséﬂer apwed on
&farsasghiesai d drop ejection side of said wafer; (iii)
filling said trenches with photoresist; (iv) forntng a
plurality corresponding nozzl es, ejection actuators

nd socjat e dri circu n said dro ect | .
@i deE%F megoé1 9 Cl?lglr wgreﬁem Talt{ tﬂ%sgﬂ%yeﬁ S aglolxvle ﬁaéfgr{(%rdt pho{oreswt
Iggee.hi ng techniques; (v) etching a plurality of
correspondi ng ink supply channels fromsaid ink supply
side of said wafer to said photoresist; and (vi)
stripping said photoresist fromsaid trenches to form
nozzle inlets, thereby providing fluid connection

bet ween said ink supply side and said nozzles, wherein
sai d i nk suppl @ﬁ@q ing the etching
nmet hod descri bgg ofgh-ﬁlgﬁtigE? gﬁ 2{;Bect there is
provrded a substrate conprrsrng at Ieast one feature

R Y . I Y T



alum nium glass or quartz, which contains a pair of
paral l el el ectrode plates. However, other designs of

w0 eachos72@r e avai l abl e and the present i nventiPOT/AE2006/000995
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suitable for use with any tigpe of plasnma etching

reactor. A radiofrequency (RF) energy source is used

to ionize plasnma gases introduced into the chanber.

ThE i oRreBefherbefelaim 18, whesein Begplestrates wmesld eclestivighis e lgase 30 : 1.
di sposed on a | ower electrode (electrostatic chuck) by

a biasing voltage. Hence, etching is achieved by a

cd¥bi nEltd methad ofipinyisil cwherkio tieatchmetetis anehschen@dhin.
reaction. Various control nmeans are provided for
controlling the relative ratios of plasma gases, the

b ll Bsi Nfhesntth@De,cldihe Bhpliand #indBaRoey @&mngt 48 Ip§§é@f§ﬁ(§1ﬁ§r@cesses
eratur? t he chanber pressure etc.

(:8’ PR @ Rglqgteingand passhiting easplasma C@npmaewlwﬁly@mg@ plasma and
C ANPRsiIRNRIAL plkiyM edge to vary plasma reactor
parameters in order to optimze etching conditions.

For exanple, the chanber pressure is usually in the
rapge r

0t T ekt TS e iind MY 58yt e
apaumisen f hydroph|I|Z|ng dopant 'S such that it
conprises | |less than 8 vol % or |ess
than 5 vol afpa% tm% %Slc\(/) | %Hdgo’%?@ IFJI asma. The dopant
may be int(mﬁmomﬂuwnu@u@mmsplasna chanber as either a
[iquid or . .The, taoxic or MB30- PCTexpl osi ve
nature of 2%%§3W§8$8hﬂfl?%$ﬁ opants (e.g. B2H)
means that () aopidebphidicagdopmt.i mes preferred to gases.
Liquids will, of course, be rapidly vaporized in the
pl asma chanber. Optionally, the hydrophilizing dopant
CDAIPI I BRInAhJIVTQRIrE O tudHe i i CIABP PY4ElrinPgas is argon.
phosphor us- cont ai ni ng conpound or ‘conbi nati ons
thereof. Optionally, the hydrophilizing dopant

CRPI ISR A JIATRRIR @4 5)@461%9{ &l fidopihiBy H@hmg Eﬁ’lsﬁvﬁcted from the

trimet hyl borateﬁég trimethyl phopshi

cHRH sPaEiEcithe B@W@ﬁsﬁﬁﬁo%hosphorus dopants are
wel | known in the fornatlon of silicon gl asses.
Accordingly, trench sidewalls resulting fromthe etch

t Ypi calheynethodof Plgien p hospiow dltemaline qéhamsandBSG)vation processes.
borosilicate glass (BSG, borophosphosilicate gl ass
(BPSG or conbinations thereof. Such gl asses are known

t 8. be T methvddif clpini | 7, comprdsingstht sterofdi oxi de.

Optional ly nch sidewal s re t|n ~fromthe ‘
etch have Q)ggn?%éko%%HWég8$ﬁFg§§nfﬁﬁﬁl plpsmg; sqiq gffhing gas
4fdasnarcongssing:han 30. These are hydrophlllc cont act :
angl es and cont Wi th th hl 'y hydr ophobi c

si dewal | s resul@?ﬁgu?Fﬁﬁﬁﬁﬁ m%@%%ﬁm%tch They are al so
significantly ng &n e sRRbiidd Sthan Si 2 sidewal |l s,

whi ch typically have a contac e of about 60. As

nenti oned HHEVEIVatipgexpateh sertases Qfﬁge Poesentsiignmativasng gas
GRRRRAAdp RIS FHRRIBAEGNLY ani sotropic et chi ng,
providing trenches wth substa tially perpendicul ar
sidewal | s, to depasibcopfconimingid@positicrgar,andver 200

m cron or over aspect ratios of over
1.5:1, over 2: 1(%9Qk&{gfgpg‘9%i“gvgoga“t’1o 1 or over 20:1.

Thi s i s patfii) dehatingly egeding agesoi)sntl ¢if). et chi ng i nk

supply channel s during printhead fabrication.

Optionally, the nethod is used to etch a plurality of
t19enc Nas method o SEIKIAL F3atvBerSin bl LARGPUEI\e MIERALA. t he
positions of the trenches are deflned %y a mask | ayer

on the substrate. Typically, the mask is an oxi de

| ayer (e.g. Thermally Enhanced Oxide Silicon ("TEGCS")

or a photoresist Surprisingly high substrate : mask
selectivities E%(hEJ@T ul B&eyet hod of the

pr esent |nvent|on el ectivity |s I mportant, because

it is inperative that the mask does not wear away when

I L



Oxygen and fluorine radicals are first generated in
the plasma according to equations [1] and [2]: SF6 + e

webtyp16726xF + F + e [1] MEMS30- PCTO2 + e - OtPeT/@U2006/000995

10

15

20

25

30

[2] The oxygen radicals padsivate the silicon surface

by first adsorbing onto the surface and then reacting

to forman oxide film O + Si(s) -> Si(s)-nO -

SiCh(sf) [3] The oxide passivation |ayer covers both
si gpwa angl, L,

RS pacs PRl AR, R B8 A O Ring AR BctePhom the
bgrqup eofseskihgof $iG, PFovdssistresBe@ofSf) + F Si On(Sf)-F . :
[4] SiOn(sf)-nF - ion energy - SiFx(ads) + Si CcFy(ads)

[5] The adsorbed silicon fluoride and silicon

oRYf | uBhd dethspefildn 13 shacinaiia silicartddirtnisg ddpesifon gas comprises
ﬁ§%€ce either by their natural volatility or by

p cal sputtering. Wth the silicon at the base of

the trench revealed, the fluorine radicals in the
pl.asma_can proceed wi t h etching. The etching is driven
by2+ heTl?Fo‘Pﬁg‘Pq oficjaigf1 85 herein saif Passivriing gap elesas furthpr ceypyises a
Foas s§1ece5ﬁ%&] OZSN ﬁ\@o m O cERAEMYns thetebx (ads) [ 7]

SIFx(ads) Si FX(g In preceding equations [1] to

[8], (s) represent surface (sf) represents surface

olm SRASS PRERRNkS AHTRIRG e by LEPRESER! &t 8Siposed
and x, y and n are arbitrar f

i s éfcen aphcepmsﬂe:nttelgmsk P Sﬁ)x%hbr@xllodatglasm(mt eb@pﬁ&sﬁ&sﬂlcate '

nisotropy during the etch, - «

gla&s (er%GF%’j cc’%nl%lmﬁllse%%1 Qfe?fﬁe key step. The passivation
I'ayer at the base of the trench is renoved by a

e i

silicon su t(st paivRlingla waer RivagBirsegedtion sidt el &iidieviblyside;

of- the trench do. not recei e sa ion ener
t he base. r&e}q 8@‘%"‘& APLBEES B %e“é{']"é Wﬁﬁgﬁﬁ thrpugh sajd %YOQ\FE‘&POH side
| Bf QeNesfad , the greater the ion.energy in the plasma
the greater_the degree of anisotropy that can be
achi eved. @i iliEng soid teeashiea With ghotpighist on energy is to-
i ncrease thg) bcirﬁ‘i%gpaoﬂl@[rallﬂyr&oﬁgkﬁ)OM@gsﬁzl%? Et‘?Jn actuators and
However, an alternative achievin I on
e@ﬁé@@b}ted diveFirgaly BB a%ig dmrﬁf@cum@p @ssalémg@n umom Ythogmphically
ﬂ@hgéﬂﬁ'(yﬁyﬁ%%-PCTln an al ternative enbodi nment,
e |nventFon e oys alternating etching and S|dewal
paSS|vat|oNVB@@@sganhadqmwemnBu$Uannmeem@ycmmnasﬁnmsmdﬁm
the et hod conpri ses
i %{%}% %e 0@92%1(? ‘N%Fé)r pcg apcﬁ[ﬁ% (?sm% ancil h !

e substrate usi ng an
et chi ng ga$v1p) ktagprag sdidh phcﬁ&rem;t figngail tpnalso foaAmbzzSd Mts,
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t Whersid RSt firtt RpplSichghnals @&Sefﬁdh‘é&hélﬁlgthl ashiph aRtRd aédb&hng to claim
pfssnvatlng gas plasma conprising: (a) a

‘i con-contai ning deposition gas; and (b) a
hydr ophi li zi ng dopant; and (iii) alternatingly
repeating steps (i) and (ii). The fluorinated etching
g%é) , th é‘glsﬁ@P £orBpyifingent 99y ogadeanwietelicd ithg e Bphof thwqbgtrate said
IR HaAhE G BkL Y5, descri bed previ ousl y.
Typically, the silicon-containing deposition gas
conpr i(@esde@itét oved t0Boniglinany sil i con- cont ai ni ng
deposit{ o be.used O her
gases ({J-jnsé ew%@%/ Staguatuly N n%ole’ilécuqarre% %aﬁ% SUQFX? RAd
passi vat didegzaﬂaﬁavpigmtabmgldzdﬁléeh thih §9°. NH3, Q2 or
conbi nations thereof. Hence, the passivating step (ii)
resenbl es a typical process for depositing
phosphosi licate glass (PSG, borosilicate glass (BSG
or borophosphosilicate glass (BPSG onto a substrate.
The et ching st al etching step
in a Bosch prd%ggéﬂﬂngggﬂﬁgggsﬁg%Fgﬁﬁof t he Draw ngs
Flgure 1 |s a perspectlve V|em10f a nozzle ~arrangenent

o e g,



contact angle of less than 50. 5. The nethod of claim
1, wherein the hydrophilizing dopant conprises a

wdoeroanic72€ont ai ni ng conpound, a phosphor us- conP@Ei/AURE6/000995
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conmpound or conbi nations theéreof. 6. The nethod of
claim1, wherein the hydrophilizing dopant conprises a
conpound . selected fromthe group consisting OB He,
PH3, trimethyl borate (TMB), trimethyl phopshite (TMP)
Of6. COMBe AR r LRR! £0which-is mﬁkﬁ?ﬂﬂ?ﬁ%a@ witché Sidletched
wherein the trench sidewal I's resulting fromthe etch
clontpres exs iphtygplichadnelsat e gl ass (PSG), borosilicate

gl ass (BSG, borophosphosilicate glass (BPSG or

conbi nati ons thereof: 8. The nethod of claim1,

wifer ei An iakjetprintiend botyasirg: dept h of over 100 m cron. 9.
The net hod of of. ‘trenches

T o ehoq rattsadndide s 405 kil 44 dn itk By oG

posi tions @bhgaitdot e RsmeedgidRbp éje&hob)élda offskwafer, each
| ayer disposed on said substrate. 10. The net hod of
chrishavingpeinkitelsdidd mask |ayer is an oxide |ayer or

a photores 'a%turilﬁy 8 init gﬁpp-gj'@aﬁﬂ%lsr@ﬂnéﬁ inGhid AR sh ?pl?' side, each ink
wherein the substrate : mask selectivity is at [east

30pply phanpgl bemgan Hpidroamymicatiqnayith at leaghmnedikhiniche et ch

r@ﬂ&mh%al@ﬁnkls g@&rulﬁ'anﬁél%%/tﬂ@ aralaristbh 6:Met hod of claim
1 conpri sing t aneous et i ng and passivation

pr ocede)ksdepthirdionérr 08 7g¢myl e et chi ng and passi vati ng

029 Pl GO SATRHASRS L, G100 ARRPLORTR, P 3Pty

whfghesubstsad; dndt chi ng and passivating gas plasna

conpr i assivat | ol .S Ng oxygen,
(b) a %@?%ﬂ %Wr%aﬁoﬁaggggg ?é§5&‘nﬁﬁorlnated et chi ng
gas; and (d) a hydrophilizing dopant. 15. The net hod
of claim 14, wherein said inert sputtering gas is
argon. 16. The nethod of claim 14, wherein said
fluorinated etching gas is selected fromthe group
consisting of SFg, NF3 and m xtures thereof. 17. The
nmet hod of claim 1 conprising alternating etching and
passi vati on processes. 18. The nethod of claim 17,
conprising the steps of: (i) etching into said
substrate using an etching gas plasma, said etching
gas plasma conprising: (a) a fluorinated etching gas;
and (b) an inert sputtering gas; (ii) passivating
exposed surfaces of the substrate using a passivating
gas plasma, said passivating gas plasnma conpri sing:
(a) a silicon-containing deposition gas; and (b) a
hydr ophi l'i zi ng dopant; (iii) alternatingly repeating
steps (i) and (ii). 19. The nethod of claim 18,
wherein said inert sputtering gas is argon.20. The
nmet hod of claim 18, wherein said fluorinated etching
gas is selected fromthe group consisting of SF , NF3
and m xtures thereof. 21. The nethod of claim 18,
wherein said silicon-containing deposition gas
conprises SiH4. 22. The nmethod of claim 18, wherein
sai d passivating gas plasnma further conprises a gas
selected fromO, N2, N2O, NH3 or conbi nations
thereof. 23. The nethod of claim 18, wherein the
passi vation step deposits, on the exposed surfaces, a
phosphosilicate glass (PSG, a borosilicate glass
(BSG, a borophosphosilicate glass (BPSG or

conbi nations thereof. 24. A nethod of fabricating an
i nkj et printhead conprising the steps of: (i)
providing a wafer having a drop ejection side and an
ink supply side; (ii) etching a plurality of trenches
partially through said drop ejection side of said
wafer; (iii) fsUP @?E%HEE$§§@E wighh phot or esi st ;
(iv) formng a p ur Ity corre pongin nozzl es,
ejectlon actuators and aSSOCIated drlve C|rCU|try on
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