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WD 2005/ 095924 PCT/ SG2004/ 000075 1 A SENSOR FOR
MEASURI NG GAS PERMEABI LI TY OF A TEST MATERI AL

w 0@BL)bbe i nvention relates to a sensor for NPABEEGL00G000075
gas perneability of a test material, a nmethod of
produci ng a sensor, and a gas perneability 5
measur ement system The inveption also relates to a
nmet hod of determning gas perneability through a test
AeSENSOR HOR MEASURING:GHENE ERMEABN_ITYcORA dEHESEMATERIAL
the electronics and bionedical fields in recent years
has pronpted the parallel devel opnent of new

mat er[o@cb@ mn%ﬁw R8s K td8 s{e%@?’}or%‘@aﬁ)fgf&’% €§rar9eabitiw of

sucha t logy 1s the flexible flat pan
aniesthmaseralf |aexnethedoofaip@udingha sarisor, mgnddevgaespermeabmty

|
A ieat SYalolg " IBLEIRAIS FTBR o hineliee g dstegpining gas
p@?rﬁ@@bﬂxtﬁﬁwé%‘a@éﬁ%ﬁeﬂw | arge area displ ays.

However architectures conprl se or ganl C
el ec[0Q92JnT he semergenaee af anewatrrhrwlagier sint ke eleetramics and

SREG0HL BB 9 SR AR T B O of e

nthtefbRYEnd sfdtneeshi gh barrier substrates, seal ant S
and enca sulation materials, which are extrene

i npel | @neexapile of gueh aﬁ@@@wl@@v @rta@rﬂecx&)lgtﬂﬁbpanel display
o A o SRR IR PR, kb P oy, FOLED

cwtpﬂseanmaoenaj@rarmeeﬁud:num haaingr e@lcisrioaanmwhém:xad and optical
t he area of stora rtlclarl

i har d
piieat s 1108t Gt B e, arsa ey, (tpfever. HEpLER Sichteotures
cghg)trkgr Sorg;)%ﬁR:“ ('§FechEFquxn@:Ecerifl“:-‘trfilétteﬁélsdeaM\éi1I %%ﬂ?tﬁiésbethat are

oxygen. In order to maintain the 1ntegri
soscepiinte ttiocdasiage tuanka@aq’l@nsmtbcwatafsvwmrrrandroan in the

b0 trEn: ThrtsT ey Kb 8RiedRe rEUfE Shigf et ipstrates,
seBldnfe emoatefn@é?sﬁlgﬂ&‘i]mgeﬁafs amﬁi&ﬁl 8fe @xtreBiRdly qfﬁpe%@able to

whi ch require the use of material s that provi d

gas
wteéerr ead pxygsst in eudende wi@imdhedndesiry siandards Specn‘led for its

ﬁﬁ\%qﬁet ynd in food, drug and biol ogical sanple
ac n addi ti on, seal ant s, plastics and 30

corrpqéwozﬁ] Anbditer ab&ml@gplmCMfrEQMré§wateedmtjook@m sensitive
gas .barrier properties. 9 More recently
”@Sf'ﬁ@a@ﬂ%ﬁ@ faund imdlag o%gqor@%@qrgcularly in the hard

disk drive industry. The material used in hard disk platters comprise metal or
metal oxide which can be degraded by oxygen. In order to maintain the integrity
of magnetic data, packaging structures and materials must provide low levels of
gas permeation in order to prevent the degradation of the seal and metal oxide
in the platter.

[0005] Other examples of applications which require the use of materials
that provide gas barrier properties include hermetically sealed packages found
in food, drug and biological sample packages. In addition, sealants, plastics and
composite materials are also often required to have gas barrier properties.

[0006] More recently, applications have been developed that require

materials and structures possessing very low gas permeability. These materials
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materials and structures possessing very | ow gas
perneability. These materials WO 2005/ 095924

weINSB8BP04/ 000075 2 and structures have in tBETSG2004/000075
necessitated the use of sensitive nmeasurenent
instruments, in particular gas sensors, which can
assess gas perneation propepties at very |ow gas
perneation | evels. [0007] One class of sensors rely on
afet sbucomesrdaved® Wncheerssitated te npel ok S@néwveanneasurement

t th the t U
inSEaRE, ' BRREIR oS rafirrn 1 S S8 O igmeation
prB{)éﬂllég@lt VER) loSegas pesréatiomeveldi f ferenti al absor ption

ween two I R sources, each directed to a target gas

and J0P@TKIRe (dagmof Sensgesdelyoorddaierion: mefhods which do not

DGR B BlceE el B RS JRELISP By 1, 0920 Rt
Ta&is feneotents Mol adisé@lotes tars ppticak infiszed X (1B egasd Gemsor. The
chem cal |%‘SI nert tracer gas, such as helium or carbon

ditfesential. absarpiier bejween dyack sOUicesy Sarh diracieddafuarget gas
4 af Jef¥eite t 285 J‘Hggﬂﬁnrﬁ%‘qhé%ﬂcgﬁﬂaﬁ&ﬁj (fflhéf gas being

mMeasur enen re corre at as per neabi
mbnitdred! est speC| men. 15 [0009] US Patent No.

o7 opdPBaIS FarSEERer 6 B0 Els ingbet in MEERIFinco disclozes a gas
d@n%@ WhitH of st Specnelld expESRPIS @ eﬁ@#ﬁéaug IH@Maracer gas,

trans ucer i s coat wth the barrier coating
stichoaebelium toheagban diaxide. & tracen gas d&‘l@@tqzres rmawded tofmeasure
or di ssol 5t| on gf the .coatin

éhe f1 ui ﬂ
theln Lo e dFapeledat BtPuel op RRriPPR aldothe, negsuraments are
&ﬁ@&bﬁ@@thégaﬁgéﬁﬁémmt&thé%&@be&mmer cl ass of

sensors utilrse sensing el ements which react wwth the
t ar gdP0QRKJS Kdatent elNoa|6,567HPA disclogesi angensor, farodgtermining

@%g@#ﬁ@peme%‘?é‘fo% ﬁér&rtéo%w G Hs g)eefe{o'@?ﬁu ﬁtf‘&'}ﬁﬁ(ﬁs A dual-

I ca nmeasur rosi on

resporise %Ld:bﬁ@iﬁxﬁ deel aiamsdrmén lisrecoalde with chenbarriem cciatlng and
initially a ﬁSreerctlve rretaltllc surface

eRoeed @ P'U skilyigs. prepervsaiian ¢ V@aféi'd\ﬂfﬁ'ﬁsolqﬁ@” of the
cl‘"c%ingb g%n %dr?ggbuéﬂﬁ)f rn‘?é%fﬁéd ;{}gs érfdJ ga%gglﬁhcg @%aéﬁd’ dpticaP detection
mbaswgnepled at regular intervals to nonitor the

O oA AR5 57 PR ibte Bt hE BRIl Rect i
tgg%{a@t Yads Kighdr@o8. ENah)SAIRl Fiths \WA7e 200Pe 1202288 didtloses a
low moisture permeation sensor that relies on the optical measurement of
corrosion on the surface of calcium films. The calcium film is initially a highly
reflective metallic surface. As water vapour and oxygen progressively react with
the calcium film, the reflective surface gradually turns into an opaque film. The
test specimens are photographed at regular intervals to monitor the change in
transmission property of the calcium films. By subjecting the photographs of the
calcium film to analysis using image analysis software, the change in optical
properties of the calcium film is correlated to the flow rate of water vapour into

the encapsulation structure. This type of sensor is also disclosed in G. Nisato et
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30 properties of the calciumfilmis correlated to the
flow rate of water vapour into the encapsul ation
watosobisee. This type of sensor is al so di scl oBeDSGT0B000075
Ni sato et WD 2005/ 095924 PCT/ SG2004/ 000075 3 al .,
Eval uati ng H gh Performance Barrier Filns,
I nternational D splay Wrkshgp, Cctober 2001. [0011]
One drawback of the currently avail able gas sensors is
al. hEivaluatinguriigln Rerfoomanas Basrigakilmer Irré@nnagﬂnaitDiaplay Workshop,
gé tly high l'evel of sensitivity 5 required for
(ﬁﬁ very | ow gas perneability materials. For

i nst J06E1] Orite drawbadi YOfSﬂ'ﬂi‘(i@h‘énfﬁg’eﬁ\Véllabtb fga's &BAsors is their

l'i fespan of FOLED devices is nore’than
inghelityt tongeasures gasnperinrationoahiex suficiently mlghelgpaln of sensitivity

d
BRGS0 PR SED TR o oo
|§bé{n8!9rd5 s?éﬁﬁédamr ane I§essare f NEOUAD deﬁlpegtlsvmbye than
10 rel ative hum. dity). Howev

gﬁg 8C and 95%
18000 @mratlng@pucﬁwémoéd%m@tmm@ |llfﬂSp§m4 %ig%l Qﬂd water vapour

BRHAHR AR S0 e, PSR "ilndsof PR S devices
sPwaid Bbbelogasy Sgnsaday had tDRiccimydag redpeetivelyrar 380t and 95%
is limted to noderate tenperatures of typically about

relative wmidlity). | baweyRpe Pu@ilahle | IFiruEeNih hay@r peRSHYiBe limits of

A5 FeDpisi ok e diboltcr Lo e Iet oy
r esuljoo TR Andthdrafrgwbask of tiieatiureastiywdvailabber gas sensors |s that the
uneconom cal to carry out. [0013] Accordi

n
SErVied fRBperaiurefis ﬂlﬁétegrt@sreﬂ@era#ﬁ/ é&mpgr@ﬂﬂr@sé%ém%{y about 50C°.

Vgﬁiﬁ?ﬂé@qg@}%gqtﬁveeﬁrﬁ télfcwé | nven Ic% E’é%ctg 5nn6tt%é Sarfied out under

c%ﬂﬂﬁl@hs\mbr okinging :Jiﬁ)@h acoetdrated gus pga:nméaspa,t thﬁrelayldesultmg in
tinme 20 resol ution, %h serV|ce tenperature but is

leng fest gursions sdich aravResenaiFal Igf@MURE: Thi s
obj e {C)Ib-}gﬁ Ap an\jﬁﬂ it oA &58cHRe ﬂr‘tﬁe? ﬁg dnfi®n to overcome

nmet h uci the sensor havi eatures as
digmetviahteggsi nf tdwrenﬂglebmwlemercﬂcm’smtt isSuec Hurdhers ebjastivef of the
t he present jnvention or, for Sur i .
OTIBRP FOYIGH S 3ensashifdy G5 DY, S TGP GooassiAel and time
rééﬁﬁfléh Qﬂgﬁ Béeﬁﬂé@' W&hbél%tér‘én $up e slieBBHMorhidal i AENUFEREre and
a wat er and/ or gen sensitive material, wherein the
useaa‘husoebjectn@nscsq’mcbbva seWaon angt @ respective yrrthodies producing

5858 bR LR SETUREHER I B HBbSEngHH . Sucn

sepBeret the preseht ventemsd A%betlsemidit measgting gas permeability of a
test material comprising:

an electrically conductive sensing element that comprises a water and/or
oxygen sensitive material, wherein the reaction of said material with water or
oxygen when the sensing element is contacted with water and/or oxygen results
in a change in the electrical conductivity of the sensing element, and

two electrodes electrically connected to the sensing element.

[0014] The invention is based on the discovery that gas permeation
measurements that are performed on materials and structures such as low gas

permeability materials can be made significantly more sensitive by monitoring
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two el ectrodes electrically connected to the sensing
el emrent. 30 [0014] The invention is based on the
wolt@soy®ey that gas pernmeati on mneasurenents ther/S@r®4/000075
performed on materials and structures such as | ow gas
permeability materials can be made significantly nore
sensitive by nonitoring WO 2905/ 095924
PCT/ S&G2004/ 000075 4 the electrical and, optionally,
tmiedectdcalpantj eptiohaltyhenaes mepsrdxesdofr they gabeselmnrdming the
of the asurerrent. Accardin E as sensor t he
CRHSEl T JBRS SRS ACCRBTNY o BE: BRS PRYPOT of e Present
RAMIUA! LAAPREES 4 RIHTEANY EORudtgALERsing C8BHIeY Ahat is also
either to vvater or oxygen~al one, wat er and
seRryitjea . either Stoadditeri on oxygen Alosé ngr d¢0 dmatht whtencamadroxygen. In

Budf oS Sener Dt SiitirBootnde SREHER! resistor which has
oﬁhé‘é’lu%llédfnéaiaé?ﬁ(ﬁ ndisehpropetifds &8/ Han@syae it Qﬁé{duﬁﬂy Reacts with
measurenent test. This change permtS the rate of

V\gaéemmd/po axygeriduring a aigastremnent tasdi this 6banee peoniis theerate of

obf e LFoe? 1285, B FERPhRbY RSB g HRIGE 45 1ow oee

pehaehbifty p@l?ﬁidr dubstfraiatierbe dpmimined BiractBeds hysical evidence
exanpl e by optical neasurenent techni ques

ohighenigal veeaqtlono@wat%m@@y wehaa%er@or fyi ggample by optical
e SEhiER: ?Hﬁlﬁﬂ@é‘t %ﬁjnatﬁ% ﬂfé? gﬁatﬁ&? S romashZsz noise

pbeenpl oyed noni t or sens egra 1 on.
speaﬁmmermaswembﬁt raatjeren‘istahemg@‘ tHe seabor want beckmpieyed to

with respect to tinme and t stransmss on ra
YIS SerBar (REIAdAUPhs DER HBRSAgeaI BT b dno T8, 81 change of
cl.{lbﬁmﬁﬁ;c%e@%mﬁe:%% bcPlo fi Lrtﬁ% PEFY gh§ YeMshiigsibi r8RS across

per neat | on measure nts has several advantages
itk testt specinten meaydenderbedsor can neasure  gas

t t L1Vt f bett .

nan 19075 82,652, 5° 118 o &, B paiVefian 68 permeation
M EERUr&iniehs s %@Péralaéd\}mgl%" W@H?%e‘ifre@éﬁt‘ﬁensor can measure
Accordingly, it 20 is suitable for assessing

gesriraagmissiopr spes twids hdgh sengieity wﬂmﬂeéttégn 1%ar99me¢ay, and

pl?(g@ﬁgggeﬁépﬁwg%aw éﬁ ezlr ?éi) Eo;w b%g:ceiﬁ%ceggf %Wbrc Kc@g?’o‘?ngly, it

iPeaRgie fonwebbiging @h@\gaéeﬁerﬁm“at”bheproﬁEHmr efnpolymef substrates,
conbi ned trapsm ssion rates of oxygen and water vapour

baief pozated nilims, ¢ 85t m%@yﬁﬁgb@tﬁbﬁr tSFfeckﬁed&*U%naﬁve ofow gas
%’h@ébm %Bpéftiﬁgs"%ﬁ%r@;/éz%é aﬁr%s(ewﬂmeﬁﬂﬁw ‘B%gsﬁﬁs for the

ransm ssi‘on be carried out
rmeswurement ozfommbmedThansth;s,snrr aatesoof omygémlmwwvaster vapour

such as th? Sper nmeabi | ht%/ .
WI’[ in a single test, meaning that the measurement of water vapour transmission
rate (WVTR) and oxygen transmission rate (OTR) can be carried out in a single
instrument console. Thirdly, transport coefficients such as the permeability
coefficient, diffusion coefficient and solubility coefficient can be simultaneously
determined in one test.

[0016]In the context of the invention, the term “target gas” refers to the

gas which a test material or test structure is exposed to in order to measure the
rate of transmission of the gas through that material or structure. The term

includes individual gases such as oxygen or water vapour, and simple or multi-



10

15

20

25

30

coefficient, diffusion coefficient and solubility
coefficient can be sinultaneously determned in one
WO e®65/09392016] I n the context of the invention, PCTeGL®H/N00075
"target gas" refers to the 30 gas which a test
material or test structure is exposed to in order to
measure the rate of transmgssion of the gas through
that material or structure. The term includes
cd)mdorverwtuﬁlxuges disersot with sitoogaye wadrorwdioxidey Apdiagenaang sulphur

le or multi WO 2005/0 59 4 PCT/ S&x004/
diew oishede bt AL OMATE5oA e Ppgolude air and
%\( ydrogen and sul phur dioxide, for exanple.
anp es of mul ti - conponent mi xtures include air and
exhaoot 7gfﬁlae$errt1£)0tla§1 mitierialartest ‘stwsturgnesd ‘4@st specigen” are

oL eSS I Ty 3 e o o v
gé@ gérméaﬂgﬂyﬁgoﬁéﬁkg%éﬁj a lgh8 sefigér ehagabsénttirvention.

pertie a gas sensor of the present
I nve[mwﬂ'Th{EOSﬂ:B?smgh@l@@mﬁ P§Ne |COMIISSc AYc iaPlse alpgfrically

RSSO PP ol e Ao o

tHERhRIeddl S beesGfitpid elisereid h@tert alons} er o&ygea alome, or both
oxygen al one, or both 10 water and oxggne1 itab

mmraanohosygaﬁblwfébleemt@'alww Bneys igial loys gl oxides,
cfaTitiEACHEe B s & piesidbohbBRoRs tereot,

-t hat [ooI9] rlﬁémtnc\mléhammaalsairmdt caygeac’cwrth wateused @g/gen can

DeexechBdNG SeTRUNG, GTIPEh P WHB 1<, Soneihd) SeGlh gueh metls

ﬂ(ﬂ?d Gh‘?gﬂ'ﬂn)/ reBLEE Hhétald QUcK X ATRhE Gﬂo’ixpsq)délém%@ (for example,

noderately reactive netals such as G oup
sbdlua’u endpctassjumymesdergtelyaeaciivg mekals achaasi Group Il elements

transition netals, such, a r.on

(PaBEPEUTar P10k bt gmher draieglostrREl SHER™S Fon, tin and

Hchﬂi%?d %m@ﬁ’l@ﬂ? duitaBle Petdlg af¢@aldivg drehaidmeshing rApart from
oxygen, ey also can be readily processed

bamg eaaottlaeltewgr@pwaéﬁ?rda@ni Ppgedrthey (RIH0 é@nbb%éﬁ%d'[;/ processed

hi,n f|
b1 el e 4T g ehsioth s DRSS st KFAinee
t he M]nlx@hpmrﬂf domeluoiihes polwmaMbagaooMempIated for use
pol ymsrs conj ugat ed net al | OR&I&msrs i n

Wiy e 3s aihe 1seReIngpSIGMER  Nolie GPabGEed gHnc. polymers,

I
BB praaIeB ety SHORERR. Y Bllvbiers, BRUY ReEDR Polymers.
menyplesy bbyusefuineonducting  polymers  include polyaniline, polypyrrole,

polythiophene,  polyacetylene,  poly-p-phenylene, and polyvinylpyridine,
thiophene-bipyridine copolymers, polypyridine, polybipyridine, and
organometallic polyphenylenes.

[0021] Examples of metal oxides which are contemplated for use as or
within the sensing element include VO, CrO,, MoO,, and LiMn204; transparent
conductive oxides such as cadmium stannate (Cd>SnO,), cadmium indate
(CdIny0y), zinc stannate (ZnSnO, and ZnSnOs), and zinc indium oxide

(ZnzInx0s). No particular restriction is placed on the crystal structure of an oxide
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25 t hi ophene-bi pyri di ne copol yners, polypyridine,
pol ybi pyri di ne, and organonetallic pol yphenyl enes.
wQ 0@20ys9Bkanpl es of netal oxides which are conPenpGzingdooo7s

for use as or wthin the sensing el enment include V02,

Cr02, M2, and Li Mn204i transparent conductive

oxi des such as cadm um stanngte (Cd2Sn&4), cadmi um

i ndate 30 (Cdl n204), zinc stannate (Zn2SnO4 and

tralSsBed, avhicty cap Heneithen eystadine; nanaeryelsylinener amorphous, for
articular restriction is placed on the crystal

é&#QR%LHe of an oxi de WD 2005/ 095924 PCT/ SG2004/ 000075

6 t hapo23 TheedenvinigC Bleentbeari 4lRer ber ivsineldl fioen mixtures and
nanocrystaal line, or anmorphous, for exanpl e. [0022] The

ooaminalipnsl efdhe ahaveamsenalss GoeeKaRIm i & @pé@bémao form a

SR8, BbpbREEFYon T SHAeP. oS TR bl oroame

gol@fieRarsd higtalid pafitled, Bubl a8 ik (braddlcﬁumm:&ticles pol yner
and netallic particles, such as iron or calcium

part i[0923] In[ 9(@83] tq ﬁaHNd@W @o”@@ﬁpgﬁf@%ﬁt leste g, SepeaE can be
t.

c%ei)iéaﬁdéheﬁqilg@% efsarftop%xg é%ggéneoﬁtﬁﬁ@éo Faﬁ’ﬁ‘ié?jdegghthm or

foepd s(depdsitart) ansar fsadacef ot hket st mmatezial.alAlternatively, if an

doarsgaieshaniianngthisdo 58 @BEsssth e SRERT RAN deepiaced wihin
tRE CRRSPS RbRE @rﬂﬂﬂdn%ﬁfﬁnfrhe-@ﬁ hﬁ%ndi‘%h@rthé'ac%ﬁﬁa'h?mg sensor

acconpanyl ng sensor I's then expose to an atnosp
i dherale(xpogad e anaatgms;@me wiontgining thealergetegas erhm reactive

t sin eIe rede ernm nticty of the
QWA et Cremente APPSR AU Sudbian e Seps e clement
i$ 'L%Edtférkﬂfé in@hstifn &N aha 3he tiefe fikehfob éhel BeRsing igdmgnt to be
or conpletely reacted can be determ ned. One possible

pratjaltyooraeorapletaly reacted ganme delermingdy Onenpessillerway fdp so is

B3 Hlghbah B S S oy o ctcut

the ! pryjectartieg. takent foerthe Essiny elensentite be fmlremted hanother
ceasi ng of current fl owthrouw? t he s nsor

RORSIRNE BIEVIS A TRBIte MG Aeading ! CUEBL Tophibi Ul gy sensor. For
W? YVHBM 1&g cﬁﬁ%Hfrﬁg &%s'égi g e?rﬁeﬁ@itefél}gégﬂ;m 9tt?é ¥ssumed

n principle, e sens
toﬂmvetreaﬁéda:nmpldaﬂelwkness as |long as a suffici ent

oer ! ol b R ghbte AP PSSttt eehl LB BRIt any
tARRNESs, T8 fngMakha sufficient period of time has elapsed for a sufficient
quantity of the target gas to diffuse through the test material and to react with
the sensing element. However, when measuring low levels of gas permeation,
the sensing element may comprise of small quantities of the sensitive material in
order to keep the measurement test duration within a reasonable length of time.
For this reason, the thickness of the sensing element can be designed to be in
the micrometer or nanometre range. For the purpose of measuring low gas
permeability materials, the sensing element may have thicknesses ranging from
10 nm to 10 microns, preferably 50 nm to 1 um and in some cases more

preferably between 120 nm to 500 nm. The other dimensions of the sensing
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t he sensing el enent. However, when neasuring |ow

| evel s of gas perneation, 25 the sensing el enent may
wa@oopnd®es of small quantities of the sensitiveraBBeLiIO&DH0075

in order to keep the neasurenent test duration within

a reasonable length of tine. For this reason, the

thi ckness of the sensing el esent can be deS|gned to be

in the mcroneter or nanonetre range. For the purpose
etdmewbsuch ag Idamgmgfaui wigth meayp iblei tariateaeadrding, tot the size, shape,

I thi ck [ f 30
U6 A feuTRRs GRanS FeL Bl y 50 nm Lo Lnoand i n
some éé@ﬁﬂssﬁﬁ’feeded%ﬁbﬁhé‘i?léé &t e ebpied & Rd re'é%gtﬂmsensmg

The ot her di nensi ohs of the sensin V\D 2005/ 95924
eHmmels!GzBmwyootbm sengingl efaments sbhulds prefietalily apessesdt klectrical

PPRRRITIES 1Bk o e 0%k cDandf o8' B RER et fie sensing
nivditeRal. I@&‘én@@n i rrﬁﬁnﬂ*ldrﬁdh?cRnéé‘sﬁ (MY, esRdth (Lf1 andemation) of the

element. Firstly, the sensi ng el ement shou ' _
sgném@emen;tﬁ;g@@w eplévisedoaith megausee eleaddcal mipperties. In this

oGl g6 aRE, PERNE Sl Bict 30 WAy onblE ppythe test

subswate (Side aad wellt&s (e @Xpbhmenidnﬁw@neﬁ@miﬁr@lr@rbut the
be optim sed wi_th neasured el ectrical properties.

MAASSTOMERh L. FHLCHRER S SUIRETS ERACAYI AR Bniinbe Glogatay for the
eﬁ%g&ﬂﬂﬁ&? al‘f’l?i fob %ohﬁ?&hves Hogkd, %h%'ufif R@Srl%@&j |th&8 oh8%r more
experinmental design

or carryilng
smaamgr eleements ersnay E@ruwdamuhea smgfe d:esinsutmm«a Feedssensing
be al | o

| at for. .
Jan, Sttt ads the SPeRe G & FearrsaAnaiE: rbPls strRegor any
Sddtredl if oY REdeRRE Y bBrracsbil '& thé%tlfferenklocatlons

substrate. Each sensing el emsnFEcan e be In

ophthpdtarn bﬁlﬂgq(&ﬂt@d F@@u@ngjre,, theuminipiugn §tzte| (aesajoof teysensing
t her, desire in, order to det

fRIPRRLERT 766 Deienast b Fors e ectipal mapertis of the

sBAEOY viiaRt B mﬁbéfrﬁlﬁ]ﬂrélﬁé farchil @af 156 idfldénde’l BR)fadors such

the sensing elenent can al so be influenced by factors

ag asipstigia diEnansian and axpginpeial desigsf the sensor,
whi | ZO@?@ I'ﬁa&ln Hé(?lhé%b t?c;o‘?rﬂgn{: Wvﬂcﬁocg&uw fd HELs ‘3@ material

by f s suc as s ate di nension an

ferxiper sersiig bletiestitgan dptiid]dirmension fspﬁm f:alcnmﬁrtsedswngrélement
in which calciumis used as materia

% PO gT ATEnength, dabos Rrélh WidHeng: 8holor S0n@ dieknsss. The
%é’% r& |§f5‘?\@%5%f' he r Fofrbd ?ﬂﬂ{ this %I%ang elefent is about

out I ckness. measur
Or AR - renel Bfthu‘o‘lelosertsqheﬂmmwcwm Behding ed@nent'yresistance of

Sﬂp?&rr]rtl. 'Irr?e %5’83 lrjge’tal tracks that are used as electrodes in this embodiment
have a dimension of about 2 cm by 2 cm. The cover glass (about 3.5 cm x about
3.5 cm) used in this embodiment for the encapsulation and rim-sealing
(adhesive) width is about 2 mm.

[0027] In the invention, the sensing element is provided with electrodes
(electrical connectors) to provide a means to couple the sensing element to a
voltage source. Electrodes can assume any suitable shape, size or form, such
as a conventional insulated copper wire, metal plates or thin film conductive

tracks. The electrodes can comprise any type of electrically conductive material,
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0.3752-cm and is thus close to the bul k cal cium
sensing elenent's resistance of 3.41tQcm The two
woredoalootoeacks that are used as el ectrodes in tPCESG2004/000075
enbodi nent 25 have a di nension of about 2 cmby 2 cm
The cover glass (about 3.5 cmx about 3.5 cm used in
this enbodi nent for the encagsul ation and ri msealing
(adhesive) width is about 2 m [0027] In the
comreonly arsedt materanis ibetngemetalat Metalpexidesiod mixiures thereof. The

oS S R P PR L o R o B prised
|raﬂ‘?§'iér§€?%a§ agu@s a4 Pateh und Wxyathe uabaPtsst S:loﬁﬁltl@hs so that the
form such as a conventional insulated copper

meu@cymfathessemor lis mot apverselydaldected duringe cqnh"ée 'of the test.

By R R RAPASEeEe PBSo e ARG g oca

t|$e|f8 Péﬁﬂ?l@thatbS anith@ldhrgr & iBahoch eRivadrsthanehelregotictemate of the
or m xtures thereof materials used here are

seneingr al@nyeruu widadbe \X@a@"&b\(ﬁaﬂé§e$ el csuche MealssareoHped.sikds also

PR DRERIRS, A i B PRy YA prot Bl e i

cant b@da{d‘ﬂé\@éd/ o f exaraﬁledtby sgriabe teeatirgp tiod mbmltwm’i .an inert
5 Nevertheless, netals that ar ??react ve Wt

Prelgetiye 6ogline I imgnpies dat the eleqars! rP%@E?%W‘:@rPf "E? glectrodes is
n\gfg hpﬁétgafa&ﬁ@qaelc%urgécgf tﬁb‘?ﬁﬁr than the reaction rate

sensing element wth the reactive gases. |f o
such [omailusthﬂ eensmds uged o st dOme iperraeability m&b@rials it is

ET T MRS o S O v
o‘e@%@ﬁnbﬂ%&?ﬁgéﬁﬁﬂbt A lﬁbe%ﬁn'tﬂérnﬁaﬂlﬂa%@é B biiotesensors. Suitable

atin ensures that the electrical resistance
rodtetials |ecle|de rasdeetals, mael abeyss @nddnetal ioxisiesh Exaspleseof metals

RO D

AlrBpiiad &sad angrtirs entdethelri @nds/st Mbygrs@ncaum edurhimiurnsalioys, or
with deposition equipnent that are used in the

lrmmjelsejt ol ChroMBIYEh OB EpEpaat BIRYSEATEAIES hayead i) the invention.
('i’@é Ai SgH?(?]%lletﬁ éﬂyt,sono?%ﬂvﬂ?tsﬁish% fri vne]rt,m oxide,

arrp es net a are suit e 1 nc
ahaprdum z@md dxidplamidi indiomn rint anxidencanibekesed aswathi Anympixture or
lead and tjn and their alloys. Alloys such as
C&’lmLpﬁ‘ﬁﬁ'Qﬂ'r?%a‘lh?é?@atéf'alslm%f"%i"cqge‘llse ‘ron/ chr oni um or

i ron/ g@f@ﬁhealell ﬁc&aébrﬂ{e%ﬂoﬁeb&mnl the Aol BMRRLHES and the

In aaditi‘on es w th good electrical conductivity
smsmgaelenmmart ba foxndd ushty anyrsuiable meansosi denrawiion. For

examp e, I% Esngos?s)ﬁl)lg%b a%%rérg ﬁ)eugl%gtrgaeéﬂ?o a su’%pabée of)ﬂ;\é' 'S&n8br using
a conductive tape or to solder the electrodes to the sensing element using a low
resistance soldering metal e.g. tin. Alternatively, conductive bond pads can also
be applied onto the sensing element on which the electrodes can be connected.
[0030] In one embodiment, the sensor comprises a base substrate that
supports the sensing element. A base substrate facilitates the prefabrication,
packaging, handling and transporting of the sensor. For instance, the base
substrate can provide a suitably large surface area on which auxiliary electrical

connections to the electrodes, e.g. bond pads, can be formed. The base
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conmbi nation of these materials may al so be used.

[ 0029] The el ectrical connection between the two
web@soddes and the sensing el enment can be f oP@EEG2004/000075

usi ng any suitabl e nmeans of connection. For exanple,

it is possible to adhere the electrodes to a surface

of the sensor using 25 a congluctive tape or to solder

the el ectrodes to the sensing el enent using a

subsiraie mancake ladeariety ofderans,sugh as a PV Deafhia P@TyShee’[ or an

nduc Q plied onto the
aé@?l@}’%élr%%@?éﬁ?ﬁgah%{?%ata}ﬁit Seﬁegﬁpé]gdes can be
conngggAq - In[ Hikdle) @n?ﬁﬁaﬁéfm(ih@tem inetthioveatds cdny reactive gas
conprl se5 a base substrate that supports the sen

pegseméin the terged gas andasuificigatly ipegmesbiendo an extent thgt allows
rlﬁhs ggl'?qc ?%g%gif Olfthgn@aﬁg%'eﬁ s fEhidgy te. I the context of

sor or 1 nstance, bas

tss DRVERTon, G imsrehdrial seierailtbyahyamgstesal mm a8 emt oactive
whi ch auxiliary electrical, connectjons to th

tewards iies YaRoY. OrYgep AYCh iaprasent b dargeh gagaThis ppterial
ARSI CFRLS TR bR 273 PG P o low

p@ﬂneabimqsnmerﬁall mrtdﬁsultalsleadtlass:luitrhatanala wha(sh can be used to
speci nen. OOSEIn pr|n6 r Lal,_that i
SPRept herenasr Ay GELerToL % BIS BndE AT op3 beeSk Ridhsrties are
pgﬁ'ﬁ'l and sufficiently pernmeable to an extent that

lows" 5 testing to be carried out, may be used as
t he W]sl-'enuymem whighareheordempiated dor wde i ihevieare substrate in

5l BB Bho i B bt aPE R Blic RhEelS Beimples of
oP%@rﬁ@ E)blynﬁbr*s hﬂm&ﬁra@@tsuﬂaﬁle fEhf(ﬁrmWQ tHd bhse ganstkmananae both

It abl perneability, a porous material or

hrxgmn@émwmmeiabwtympéms st s Geliephanes by 6rlmethylsﬂyl 1-
t | d

P UMM BN E pRROE g Sy BRRcarb S5iEr i etnvione,

p@l;%thé?@bl}’d\’ﬁf S. e;[)@@BZ]reﬁnbyﬁpbtyemw@’ie artereptimdlaiep| apagstyrene,

for use in the base substrate in the

poheethang, PelypeytatgofRd &0@514!“@ wmqw%ﬂ%lgepm'wewus and
n%@?ﬁ&%%tshe poRin3@a! C JoRhYMeEs %’f}géﬁ%@‘i\ﬁnﬁlﬂéﬁf’éﬂ@ f(%polymers

se substrate 1 ncl oth 15 hi gh and
mﬁdm&ablubnﬁg (BMQE)Enylosunhrm:ellulese,omib,ﬂme and acetate may

é% i‘f’tﬁélt "‘éle&eﬂ%/'i}‘ﬂ@arp(b Bs&mﬁ‘fa duhich, pre. spitaRlg i the present

ﬁ?%%rﬁlﬁhhbf'icﬁfb% silieg! ¥ rﬁ'\élrfooélﬁys e@médné§5b6I§rd|methyIS|loxanes
pol yet hyl ene terept aI afe pol yst'yr ene, yur et hane,

hﬂsﬂwmewmmylaxm n@wmsnbaz@nqsn@nmo@nuag»@%&ereof The base

sMb aeanoalﬂls aﬁso comprise a mixture or a combination of organic and/or
inorganic polymers. These polymers can be transparent, semi transparent or
completely opaque. If optical measurements on the sensing element are to be
carried out in conjunction with the electrical measurement as described
hereinafter, it is preferable to use a base substrate material that also provides a
suitable level of reflectivity to aid in the observation or photographing of the
sensing element.

[0033] As the base substrate may possess some degree of resistance to

gas flow and would thus have an impact on gas permeation readings, gas
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macr opor ous pol yners such as styrene-divinyl benzene
copol yners, 20 polyvinylidene fluoride (PVDF), nylon,

woRaosoe®dkd ul ose, cellul ose and acetate nay al BOT/RE62004/000075

used. Exanpl es of inorganic polynmers which are

suitable in the present invention include silica

(gl ass), nano-cl ays, S|I|conﬁ§ pol ydi net hyl si | oxanes,

bi scycl opent adi enyl iron yphosphazenes and

pﬂsm‘eaaon \Esperties ebfthe Dase tmbstra@ﬁmuldtmeﬁmblwtmocharacterised
rlse a e .or .a conbi nation of organic, and/or
PR Rt 6Pl Pz R@ningns RexpPBpTaldly sdusted to

téﬁ@ﬂﬂ@@i eBlint theEffdct anEiab
If opti gal urr]na:[aguremants On%g%%gg?whgyéﬁg%\?@%"ﬁ?rmeabmty

npaierighisrised asithg haﬁﬁ)ﬁﬁlbﬁ‘ttﬁteoﬂﬂamargettga@ raby dake adbnger time to

ST RREIE Fabes e B8kl BEalit s ALS Hhpulds. Songer st guration.
Atconaifiesy, af Highly qilirméa@%e'malénél@f Ieegttaldpﬁahe ahél Used as the

the observation or phot ogr aphing of "the 30 sensing
baserfssiratey rp Ayl brdelgdivelydess tesigtaneaiio gasflews sone

deglr ﬁgoé’ ] I eé'faﬁﬁé}csmtbgﬂng%ﬁr i@é’Wﬁggdsuggﬂaeqjulﬁherhc%\fnpnses a

on gas perne

b2e0s 1898034 tl?@%cﬁ@ﬁ@é/ PGy Jayel Qs pRnekdly ldfown in the art to be
§rt ies of the base substrate should preferably be
"%fgé) PEEPIE 8 MeyE; lgyersofuBaterads sueh as harfiempelymers, metals or

cBRARICERARNE SN Bﬁ'ﬂs’é t@ps%r a& E%é‘[eﬁ’ldblu%tl ok c{lé’ e@ﬁgﬁ Slectronic

Into account the effect ase substr
cbowanest pefavela friohi aly enmommeat (afsUB«862358hedhakdine 17 to 21

of disith B4 Wit i bige B BHR coMivista mitinabaBauIfey (which
p?efeﬁ}l;%%a%%tloﬁ%éi‘mééﬂnhty %\h&fd& ﬁieV%rQ{et gésl}h'ﬂg@'tﬁése substrate

le materials . d. ane Sed
abdstbe bapigrlayes, eadﬁbwr@vwesldlﬂﬁ@enbty@esmwn(ﬂms in the sensor. For

el iR oAt SRr® Hsplepal suiciPhetl i supertng structure

wiiout @rovieingr much tdvistaf@ntiexthe ihr?@if @h@r wHigethd Barrier layer
eneraII known in the art to be 0 made from one or

deg H}f»’éﬂ%s'f@ﬂ Ipeelafigasdesigtances Tbarresmctw@wa@r@ls chosen for
t f r C
“?st?%f‘neﬁr'a%eﬁ B ece Sk aie SIPRY' oins FBE  corgsnpnaingly
sﬂmmle levelnofagae parmeabitity necéssadp for 5!65 uée3of tidkendor of the
line 17 to 21 or claimb5). Wien the base substrate
! @ﬁ‘g?'ﬂses such a barrier layer (which preferab'ly has

a |°¥0(§{5‘1'TP"1§'& éﬂ%ﬁ@@%ﬁ@??@gghﬁ tﬁéﬂ%rr g8 caﬁwh?)eb%?‘r%nged or

substr 15 an ayer eac prov des
pdsitibeea in seygyabways rutiis eoodimenthén saemamp‘F@,rthe barrier layer

nf?)fftg@ 8[?&8%‘? gg %ﬁé@lgﬂgf%:%taes a liammaterEF‘%/heeL*Inocrtclo%‘lgng(;) Irt])e)(/ween the
sensing element and the base substrate. Alternatively, the barrier layer can be a
layer located within the base substrate. It is also further contemplated that the
barrier layer can be located at the bottom of the base substrate, i.e. diametrically
opposed to the sensing element. Typically, if a barrier layer is present, it
consists or comprises the material to be tested, i.e. the permeability of which
towards a target gas is to be measured.

[0036] In another embodiment, the base substrate consists solely of the
barrier layer, meaning that the sensing element is formed directly onto only a
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wi t hout providing nmuch resistance to the target gas,

while the barrier |layer provides the desired |evel of
w@a®snedest ance. The respective material s chosepoT/862004/000075

the barrier |ayer and base substrate shoul d each have

a correspondingly 20 suitable |evel of gas

pernmeabi lity necessary for tfye use of the sensor of

the invention. q& 035] It is contenplated that the

hggrien ayeraybis eawodimant piyidesofor pd@eansrtedtesh the permeatlon

n I n_one a
EHRRRT, B ke BRI e S BB St eion. 1
this| raahnat, @le Pressnt Bmi6eEitrieng cbﬂtd@@%ew@f&%%ﬁﬁbngs a ready-
el ement and the base substrate. Al ternatively,

m't fC&y'é‘-Fe darkiBetoasimidgier the peroaativn mmceswsbﬁnswgh the
b% . is also further contenpl ated that the
arrl e Iayer can be located at the bottom of the base

subs 0037, Suitable dinateidls cfot | fprmPigP @se thdrfiet Naysre B&h NBomprise
el ement . Iylcall if a barrier layer is present, it
IRQEAENS, & SROBRIRIAtTalS ¢ WeTGR@ materids thet eks paticularly, suitable

e Ty
CSteyBicr alx&jesonmosgmlsopewmemé tdnganlbapblymerbaaﬁd mixtures and

Ry Db e i, Feans s mouce
oRgdrié ‘iﬁorbébﬁ%r pd ?hr%r@”bﬁ@tdlerﬁhéi’ét@‘” é’&ﬁpfn%hl \?ﬁ’lef'so and

test the™ perneation characteristics o
cpanpietelys nﬁ@genebam amorgénichpolymes e, nSpemﬁenexampleb nare glass,

bt o BOBUSEVRINGRR L or bRGmePaTadeny” " iron,

paiymdmﬁr@f)hbgorwreﬁ@admpaewam% $86rebofrfeH @iaartn'bﬁa Suitable organic
barrier |ayer. [0037] Suitable materials for formng

ma%@r@arlm:léﬁle | ganic Ry BerfsUeE asjansyliabased pobrrrgexm polyimide,
e%{q‘f e%lir% . hB&é%g@n‘étsnﬁEﬁYétﬁ)eiﬁ §p8ﬁ1 %% ﬁfo%sfj ?éclﬂ ethylene,
pm’.yeshyleme de&ré;mtlgalaféJ,ZOBolyMné@ @bolyuﬁ&haﬂ‘i@@ Obb%%rylates
ani ol , .organi c polymers and m xtures and
&mag%{ PoRisiaRsPu ulienggrpr@dicelprly expiable weganic polymers
|1y

TS AaRE 93 SO 0 Tt
apd rmll)@ﬂederyulrﬁome @mbmewyen cagds & smgleyrwes filnSpeai rhutti-layer
T X TR
(18! invarhl YRRiE) fbﬁfo‘a@fgarfl@rmﬁl’éﬁﬁ@ 8re %‘Héééljﬁ' %r&ér%%&ers can be

arranged 1o be sandwiched between the inorganic metal oxide films in order to
provide maximum contact between the inorganic layers. Specific examples of
multilayer barrier layers/stacks includes, for example, polycarbonate-aluminium
oxide, PET-magnesium oxide, glass-tin oxide, aluminium oxide-polyacrylate-
aluminium oxide, and an aluminium oxide-silicone-aluminium oxide stack. It is
thus noted that the same material(s) may be present in the base substrate and
the barrier layer. In the context of the invention, the barrier layer is typically the
structure to be tested for its permeation properties using a sensor of the present
invention. An example of a possible structure in which the same material(s) is
present in both base substrate and barrier layer is as follows. A sensor in which
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15 materials include organic polyners such as

acrylic-based pol yners, polyimde, epoxy resins,
w@ologabiogd enes derivatives such as crossli nkedPCT/SG2004/000075

pol yet hyl ene, pol yet hyl ene terephthal at e,

pol ystyrenes, pol yurethanes, pol yacryl ates,

pol ycar bonat es, and pol yet hejssul fones. Particul arly

sui tabl e organic polynmers having a suitable |evel of

aobaaeaamblstrage ah knovab permgabilily| isdesesEhas pa | thivalayen af dow gas

p&rlﬁlgﬁglll yﬁ%‘? renéj ozgocfg@%aﬁfte %@tﬁra{e@y@fc ﬁ@?%ee Qubstrate to

@brcﬂxéﬁﬂé shélﬁ)ﬁﬁé of ithénsehesre fondrpepie Bubserieatipf when such a
inorganic (e.g. netal oxi de and orgam c materials

sgneopisaiseatfor WHF@QK'@@/E?%"‘@@WWOP FiegrRfctash specimen, it wil
B A Gl GR8 4 JrraBe BB g?a%g@h.rﬁéﬁ o ik Hhck!Mthe test

dahob@ azirtied aygren aSpaaidrilayenanyl asccmﬁp@ﬁtmmqmldl aystal display
barrier |ayers/stacks includes, for exanple

(B6P) baFrissHad Rish MheorBRIYREHEM G 885 RErHepRUty polymer
tﬂ%ﬂgi)réééht%krgéeba Ubéﬂélg‘egg?ﬂ rpiﬁyc%%dﬁé}é)’lrﬁé@ch a case, both the
, an I um

um ni um oxi an al u
basiedsulssitraite @ne- tieubamien fayexi weuldt ke polycasonakeisis a common

BisEak I Aok SHRrPIEnEe e Sostae el FPRESe phbie fims,
vgrﬁ)llet hiel Y&RREF Olhyet h?né%ﬁ‘réd)rﬁbné@)’%lyﬁrﬁldey pilfRl bonthitehg  silica

structureto e tested for its perrreatlon
partigies/nane-clayisn nasmedy darovat ashistescaletad or i exjeliated hybrids, or

eGSR e B i i or v
REdtiEr by niferal, Istvh asAnmsetsarliohitesyhi ch WO
2005/ 0 59 4 P 7 SG2004/ 000075 12 a base substrate of

knowl0@38Inthsieleatiodes efsegeRsey @f theilAvertins Msy b%wtﬁg@ted as

R R L e
driee eé nsttiichetioto measphﬁng&JBMﬂUmtjl ¥he othen encfrealy movable.
e, per reat |

Swavare et e MeRIONes WY ACHORE B fUBRck eUERG hotT leave
tﬁ@t @e@tré&l@%?t“e‘%lﬁmb 1LEeeVer plﬁ%b Nt i§ %oés"lﬁéa!bc% kbebut to

can be carried out on a r| er ayer .
inonqiulse thdm aliedtly rordo dhe diaspl a;bstr(ate:roy tesir $p@1m§na(cvmere the

e B BTG 30608 FBH i and may be
é@llgcﬁérﬁééj@d eha‘lnﬂgsh'qmrﬁokﬁﬁ’ée@i chathelph® rédf@ the possibility of
substrate and the barrier |ayer woul d have

rpeblyam@aidimn@g@s/\acwdm@m ore embedingnt ofnthgnipyeaetion is directed

5 PR P VR AL PP CRIRELEBp P Ao 1o base

dudstragont ai ning silica particl es/ nano-clays, normally
known as intercal ated or exfoliated hybrids, or

[0039] Where the electrodes are formed on (a surface of) the base
substrate, the present sensor can assume a variety of configurations. In one
embodiment, the electrodes are spaced apart to form a trench. In this context,
the trench is usually formed by the portion between the two electrodes, the
edges of the trench being defined by the edge of each elecirodes and the base
of the trench being the base substrate. The components of the sensor can be

arranged in several possible ways. For example, the sensing element may be
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nano- conposites. Typical exanples of a nano-clay
i ncl udes any nenber of the snectite group of clay

woesnedss4 such as nontnorillonites, 15 [ 0038] pdheG2004/000075

el ectrodes of a sensor of the invention nmay be
fabricated as wires or strips made fromnetals such
as copper or tin, each el ectypdes having one end

attached to the sensing el ement and the other end
Rlacrd pvabigpirench, Hewiaraeathviherrealphe the sidasodietheairench, as long

L.gn f (S sirahl.e not to |eaye. the
e ‘Ztt:]?rggré%ﬁgréllgﬁen&oboa{m%e%%e\%%a{'ﬁ%uﬁﬂn'i']?cq%] g}%‘é’?ﬁm efhe two
dlectdodex0, but to 20 immobilise themdirectly onto the
base substrate or test zgeci men (where the barrier
=

| ayerl0P40} Heope smkaslimenbrife sshaty %Jﬁme!nftnis lnpatedity theetrench.
s8Ry B G, 1S ortal ol Mhing B Burtyeopr the wencn.

Subseguienty, wizeratie sdkshny dlengént,is depositddm #ertterfth, iths allowed
inveqti on is directed diio the sensor in which the ]
19| e de heePresieinad flimensiansaekthe tieRshp ierebpmllowing the

9 I ar n .
ST, Peneh?¥S the "Ridiod Ml P, O Il el dufoypnen s
84!5\6\&09;3&8utmbeéng/arrrh(ajti)orca:fs;lst'ﬁmnftl*im‘gsueraetihgg)geiaemdaniti 0|tne o

j apar 0
ErEcHhER IE R it D Bk B ot n
sbhsih@eelf@ﬁfeht,%eh%ﬁ%erﬂaﬂl% Hiney Sﬁwﬁ§®egF Elﬁl DY the sensing

edges of the trench bei hg define edge eac
elgraent: ddiesnativelyt like Isepsing eflemest maynetiebe ioutsidd ©f bies rench to

OS{?B%% &%&t%ltlI{t@é\%f%ﬁfﬁ@é%ﬁ%c%@%g-sagtrﬁ%féseglg{z]?pgrg,sstq@gtion of the
treechi can @ysioait beapt ke rddhAGAhf @PaBa4 square shape or any other

PCT/ SG2004/ 000075 13 pl aced over the trench,
syfiaiderdians. e, lopg ag arlitahie elegdricadfcontact tis darned Sstween the

i t=fo ectrical . oy s
S50 FB ALIE et BIBL SO, h EbL b, 1 1 i
requiedi teefirm & Heersbnisi whick! thetsdse 6f thecaéssh i nbfiBwer than the
5 The el ct;odes can be first forned t

tQf T estEb ety ey dhesFmech with estihat tansé il iaargs the trench
Wﬁlﬁﬁ‘{‘tﬁé@eﬁﬁﬁ%ieﬂ&néhﬁﬁeéﬂbs'eﬁugﬁﬁ%bpsgt%d”inttg?hdé LRRER: a sensor
it ' owe e pre | ons

is a to conformto t et ned mensi
with theecomfiguration isboeiyinaFigue rRC trhay e obtahged:! Ahemiatively, in

d and .sized. | his manner, the trench is )
ahfiteS SHIRREGeRL 5/ et e oMb aaraIn: sfemeah whigh as a wider
bese e thd Qop Qifhbe) the BessingH&Hent E8REHSI B dhdsiBd on the

requi red di nensi ons of the _ _

base substrate, and then the electrodes are deposited to overlap partially with
the edges of the sensing element (cf. Figure 2D). In both embodiments, the
sensor is designed such that the plane of contact between the sensing element
and an electrode is sloped, i.e. having an angle of either more or less than 90°
with respect to the surface of the electrodes. Such a design improves the
electrical contact between the sensing element and the electrodes, thus
reducing electrical resistance at the sensor/electrodes interfaces and resulting in
improved electrical conduction.

[0042] In another embodiment, the sensor comprises an encapsulation

enclosing the sensing element. An encapsulation can provide for a hermetical
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sensing elenment, the trench may be filled either

partially or fully by the sensing elenent.
wa@\kaosnoed vel y, the sensing el enent may ext endPOLBE2004/000075

of the trench to overlap partially the edges of the

adj acent el ectrodes. The cross-section of the trench

can typically be of a rectangul ar shape, square shape

or any other 15 SU|tabIe shape, as long as a suitable
sepkatauneathec semsast sHEN fiaainie trseekeas tl%@n%éH@Wﬁ@ to permeate

oG e o <A o Py e, prevent o

sehsiely elendrisfonf cohng rietec litonsaotawitiovembiemtnwatee vapour and
top, the el ectrodes ma lfe formed with ends that taper

ogygen Wigr de Tishese rerests. nwadditiane thefcagsEiaERR f!sq gets as a
YRR SR 0GBl e R g image tne

sehsiagretement.t ernatively, in another enbodinent, if it

SO TG o7 ARG B SRS LR B i the

E'Ee %‘f'@@‘f mg&@wsé’ﬁn e Qﬁ%@teﬂéﬁ’%\frﬁ(ﬂ% R r@féilablk}%ﬁhbstantlally

e deposited to overlap partla
|ovia egaesdl geﬁmeeﬁblhﬂye Manystypgs edfepaipmefs fmayribguused tn)r thlSh purpose
the 2

T TR s PSR RS JUBPR S R Dt pyrmers.
E?één%l%tdfoﬁﬂtdb‘?e %rgzﬁ’ﬁi@ pélyﬁ}eré‘fﬁféntﬁltravlo?é“tg(@\/)oﬁu@lﬂl@@pomes
nore or |ess respect to the surface of

Ploh@uh‘ld@@t r@U@me Spelyueettiare, grpquaﬁbyr@m@s poialkgpaes.r m&nm!des

SRR R0 B PR AR TLETBRL P o e cppapovitin

tlﬁételsszﬂﬂé%/ &Iré6int GERStd tHeeshase of ainel seasor, tsuitgblenmadrials are
roved el ectrical conduction. [0042] |n apother

yewveilallp@sse raHdakitmsel geyiszaus Hichwhich: Gaghsubsequently
I
T s

PCT/ WTE@%ﬁpsmatleleajanaamUMe teheadetysofr cosfigtmations. One

cofeBAtet coRa LS dverier el BBE 3S4S a hard covering
HOGRPHE @ibé’ééd’@hﬂfébe%rﬁ“tﬁétseh%r Wéhé&s@leﬂl&%a?%"h direct
com ng I nto contact with anbi ent water Vapour and

coxyap withr thersensing aleosat,ior it ean surrpuncthd senging eleenent without

encaﬁjséjibé"étg;r%gxt%@vo%a@tg%@g%qgégﬁ{e% % thﬁﬁ%ﬁ? O“%?%g the sensing

él enBRNSdEsRS &ritReky- wittiR 43 eﬁb@pémél%n o that tl*feqm’étségt sensor
e encapsul ation material, meanin the encapsul ant,

cmybeolmd te simylaty jee ctnoppsulaling siricwe of gkt emiing diodes
IS_EBit ﬁln%Heall ktgr case, the encapsulation can provide a hollow space around
the sensing element. The hollow space can be filled with an inert gas, such as
nitrogen or one of the noble gases such as argon.

[0045] In another embodiment, the sensor further comprises a cover
substrate, wherein the encapsulation forms side (lateral) walls surrounding the
sensing element, and the cover substrate is arranged to be in contact with the
side (lateral) walls. In more detalil, in this embodiment, the encapsulation is
applied onto the base substrate/test specimen around the perimeter of the

sensing element, thereby encircling the sensing element, while the cover
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| ow gas perneability. Many types of polyners may be

used for this purpose, 10 including hydrocarbon
w@b@snps4 t hernopl astics, rubbers and i nor ganPCT/SG2004/000075

pol yners. Exanples of suitable organic polyners are

ultraviolet (UV) curable epoxies, polysulfides,

silicone, polyurethane, pol wsfyrene, polyal kyl enes,

pol yi m des, pol ybenzoxazol es and polyacryl ates. If it
substr@t@uﬁrwace@ opit@ el siden (latecalh walldikeoa lidi Kaichi @n @bﬂa@gemem

f full t the sh
chieBEItss Mg centapubtiit o PBGuE | BFREL Ber o Sotielf  Bloment
F@ﬁﬂheﬂﬁoré e esvér slisbtalié fihycsnplRidbd @RURABIdide walls Wéﬁ@hert gas
and har dened bg heat or UV rad| ation. [0044] The

esntapvenhisodhat meriagauern be rapped yithin dyheneppsatingsstructure.

s ESPLAT HEEe BSUP P Bk B B iy curabl

e%éﬁ@sc&daﬁyl rdtasie suivhbiehseai@mts dfhis Bmebadie@ps YWrevides arayeans to
e In direct 20 contact with the sensing el enent, or

simulgim a8drihys mpsers tBeaasnperaneakiliy ki pHdayenerdagic/inorganic
S %Hatéﬂap‘é’hfa'?mphﬁrﬁﬂl%sn%u@ osega osd 'ﬂodrfbe ir %{r%c light

case, e sensin ement 1S’ enc ntire
etm’&lngmemeeé @LED) s FOAEDSHd her ga< permeabitity mctunn telows an

used H% & &Hé epa{rﬁ%&\ecq%?ysquqlq:(t)r: &%(szweggéglt?\fq]o ge\lliicg rwi’thin the
eﬁeaamai. LB0ckRE %&%ﬁ@ﬁy ahBQdriawt ?soa%tawaﬁalaéouaﬁ to the

sensi ng €l enment. |'ow space can be filled w't
eanapswaiingastructuteh &or examp@entmrcanrye aft tahesmutatlen of gas

ases.such,as argo 0045 not enb d| t he
PRERERISH T e bR iatba Sttt of AR OIEEDTIREY illbas optditions,
thé SafitE T addvist tah rrabﬁwt@d((bﬁt Eigates VAl hAd 7B) with the light
surrounding the sensing elenent, and the cover

estitipgrdavice sepéacreﬁir@ea sepsing alemephetdbe pesentiineersion.
si de &é(#@flﬁagb%pe‘?@f 5@3&3 ifls TREEE d for lf&gﬁ Hg ihe cover substrate

enbo ationis

shagkl w@f%mtﬂyeha%tlowpgasﬁpermé@biw limeoraerlweiped)wdé a good
the sensi n?q) el enent, thereb%enm rcling the sensin

herRtioal Sk fardheIRensa ckhase 887 GoNenatbstrate can comprise any
ni’%‘ izCeRRA/ Qgg)Bégme}? SRR %gﬁte'g‘a g%'l A érgl%g ta\t‘t‘?mlmum foil.

e (latera ke a | angenent
Eangiles of mténﬁais enmsMgathert@setorwmar sulbsitade rrge gless, low gas

sensi ele nor e, over substr at y
PeEnsranG PENTISE aidanaE] TN Tateh foiiortiorfaasons G ooRt glass,
aﬁﬂﬁln“nﬂﬂ'&?ﬂtoo r bhaprdfBRbd Wéém@%?n@@dlhfeﬁ%)ed Wi thin

e encapsulating structure. 5 In this respect, the
encafieQdénhs tcaatbe seers &ontihe dleove, mve(meserzi\ﬂemset Js sufficiently

%@q ﬁbhepoég\ﬁg{j@%n%etﬁéﬁlﬁét@rg 'o% 833 %e?r%gag‘ﬂ{y lnTa{1 Wide variety of
applications, including the gas permeability of polymer substirates, encapsulants,
sealants, adhesives as well as overall encapsulating structures.

[0048] In one embodiment, the sensor further comprises a protective
layer covering at least a portion of the sensing element. The purpose of the
protective layer is to prevent any contamination or premature degradation of the
sensing element. This can arise due to defects in the encapsulating structure
housing the sensing element. By covering exposed surfaces of the sensing

element with a protective layer, the opportunity for any reactive gas to come into
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simul ate and thus assess the gas perneability of
mul ti-layer organic/inorganic thin filns and
wen@apsishat i ng structures, such as those foundPCTISG2004/000075
organic light emtting devices (OLED) and FOLEDs. The
gas perneability in turn allows an 10 estimati on of
the |ifespan of the oxygen gg noisture sensitive
device within the encapsulating structure.
ceptashwithl the sensingselegwnt icensae (edugedd|fdnisl degited o improve the

. enc ulatin ructure. For exanple, to carr .
ooy SRR e, St sE0g T TR o 5 Smpriso an
eRfRERRMY| iﬂbhﬁﬂn%tmuférléﬂ.eF@f 18 Slwbbsentes RERICERE layer can be

conditions, the same OLED device can fabricated (cf

formpet esing Anyrargamy akiieergenis maggrial. Suitable mategalsenciude metal

o2 g TPl SR b o o
paalculplyrdui@bld@atarieds inrslliky bat are sbidhitedteimtalixides such as

have | ow gas perneability in order to provide a good
alyenipiim ©xides ealciung 0xidfe RGRFIUMTREID A HiRtaldiasides such as
bst anaG [ - AS |ROLYGBLS,
sS85 SROROS RO Thafe B, IREGEm RS, AOLYARER o ne
absvenhaterials, nather | suimbie Mmaiesiaity indleddanetads @ayanetal alloys.

substrate ar | ass, | ow'gas . per bility polymers
PafipuRsDa pulaile aelele arl 8 byRoitiidee dns are eB Mg doscopper,
0 e . r n . .
B T RHONE S REEmyALR L84 St oy opfpgses
metalsemaliaye s metsl guaifaycshoult prefesalsintriot eotree o wiredt contact

ok SR P AR5 PRI M b aBotiodFropertes
oPBHEadridry roh iffRlentBl LR SirtidreSectPiBEPESTHPBAESE connected to
seal ants, adhesives as well as overall encapsulating

itsthusligmdrg NMae4spcisa roeaswWrmMsNitsehthe buk eleaisical properties of

T . ' of erli - lay i . .
ol B RRAP L RS 208G LR ffobB) Efr SSUTEMEE Eho sipgicaty
comductiveahatarial eutiayer airfetad opragiegns Leed inothkeapioiédtiveniayer, it
or premature degradatjon of the 30 sensing elenment.
MY tge advaniageaus ik PegitigRas: elgcirically RN [AySE i gaynprising for
) i . . |
US4 ond O S EERERBUIG R e A RIEH Botcen e
cemaitctivei laget aydr thet sensipgoeleorertty Aicoordimyly r #eetierm ‘pestective

to,come into WO 2005/ 095924 PCT/ SG004/ 000075, 16
IaY8RRaY dghofe 1ot %‘&ﬁﬁ ﬁljﬂgﬁﬁ avsht EHBH Hay  dagdanote 12 jof more
layersleel &efultifaydrirRifyehitht, Protection of the sensing

él enent, the protective layer can also conprise an
el eclQ049hiln yanoiber aemhgdineandr okl theFinventiios, phepssesor further

cANBBG S5CHet ol 8 MRS o S ERTab o4 Bl BhEAP orgaric
pO®hRIrs) interposed between the sensor and the base substrate. Materials
such as inorganic coatings or layers (e.g. a metal oxide coating) may have or
develop amorphous zones or defects in the form of pinholes, cracks, or grain
boundaries. When such defects are present in the surface of the barrier coating
covering the polymer substrate, the permeating gases can escape through the
defects at a higher rate than at other locations on the surface of the sample
where there are no defects. Consequently, a portion of the sensing element that
is adjacent to such defects will be reacted at a higher rate. The non-uniform
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5 oxides, netal fluorides, organic polynmers and a
m xture thereof. Exanples of particularly suitable
woraosdks i ncl ude, but are not linmted to net BCT/SG200€800075
such as al um ni um oxi de, cal ci um oxi de, nmagnesi um
oxi de, and netal fluorides such as sodium fluoride,
['ithiumfluoride and nmagnesipm fluoride. In addition
to the above naterials, other suitable materials
degretiatien wéttae §emsmgrele§nerﬁ|m@y§ea\@ spalianscaf am%acted material

W%hlﬁl] tﬁgl(f%lng}?ntgg‘%ls v tglet@é/sresﬂﬁm%jqﬁ uarrrffﬁég?ucf%té‘%adlng The liner

Ia'}b%h%&lﬁ/ bagaRe as lof bifer wgﬁzirewmor%bay@s uprtpauusaete with) the
metal or alloy, the netal or alloy shou

p%rmeaimga;asqsd)aioneemy@éﬂ@sé@fb% hqm%%n ﬁj homggeneous
el e u I

d?ﬁ%gﬁ oéTtHe oqé}ﬁLé%ﬁm %sib%afe:suﬁg?h th | ﬂ@ﬁ%:rlén d%%g%da‘tlﬁﬁ of the

séngihd eferséitc Whichain taempenables the mieenetm mcel&cﬂrlcal carlaustivity of
al | ow nggrmre preci se asurenents of the bu

thel sensar |beprrn@b%app@'§t y cofrglated to dhe derte ag]e in ﬂlalckness of the

%giﬁg rk?[e obt ai ned. Consequently, if an
["ec Fl Lar conductive material such as a netal or

al | ojo059] UB@I nioted leatpthet toeri layer a§'eTQt necessaly, bhen the test

m%gérg]tcaog@;pfﬁqgeous stsé)rngc? bl o %lgfp&&&%' Coiy{ggroﬁ; r&feﬁéec?tf &¥%metals, or
Io%@ r%e%?hﬂ{ p8 é/\'&!‘? %lﬂ?hﬁ'orbh#@rﬂoéqéyerbﬁhéﬁﬁa rbRi-layer

ctlve nd the sensing el ement.
bémsnrldyergllsyusetdw éntw alp teatavaierials thej«lo nehguifimbew surface

d%%fcgsoglpzﬂ;g r%'qﬂf?tla gh Ffu?f %’rwhg hg/%\r{%ﬂfi‘ﬁﬁ%o%g% can be
FEH&PN’[%U%WM% srovethd b@rfomt@rﬁtte Ofnthetslwseensor
rither conprises an |iner |ayer (conprisin

cons[@AS1ighef lingrglayet caiuber deResitchias azgayﬁ& W%)thlckness
re'f\?giuié ‘?r‘%%iq QBF’L}{@% & Py SRBRS @r%ﬁﬁgﬁ IP@%R c%Hﬁﬁ’fzsbaérﬁf organic

s i‘horganrc coati fngs or layer
mRtahl eatdexkibis i raativiehy |hide egas baiamelprpparrhesphmys be used.

zones or defects in tgﬁsform of EI nhol e@ crack $ 2 | |
quammes Muﬁabﬁhl%smawi NRude QraRPiS RPYMSTE SR aﬁ polyviny

f.
oighEhRR e e LB oI 8 e Ascitpyrs thore
Gthepegitablhmcﬁmdm‘ eclsleaparyldrieghpe palymersaandaceligepolymers

| ocati ons on the rface of .the s

sHPR 4% PA. af'%teSc%q%eaﬂ'é!n?‘PJ“ 'gnsﬁ'é‘érvﬁwem"smg&@ggg%s and
P é)%r&%ﬂ%mﬁdé%t Céll% REHEGIRAE ok a¥str Buitailedbisuvé lin obas an organic
reacted at a er rate. The non-uni form WD

naeoﬁaymsymmcmowmgmwomsr cap alegr aerapPrisn dicoppination of
AR SR T S SRAEERGPH I HEARBD8E potvgermancs
poRtrrdtes! ahdPolypRespiicaiepes eAds moted iretis Benjunction that some
of the materials specified for the base substrate (layer) and barrier layer are also
common to the liner layer, meaning that it is possible that the same material is
selected for the base substrate, barrier layer and/or liner layer. For example, if
the base substrate comprises a particular polymer, the liner layer can also
comprise the same polymer. In another example, if the base substrate is a

polymer or a composite comprising inorganic materials such as silicon oxide or
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| ayer usually behaves as a buffer regi on which sponges

up (saturate with) the perneating gases before they
war@sde®es bed honogeneously. The honbgeneous 5PCT/SG2004/000075

desorption of the perneating gases results in the

uni form degradati on of the sensing elenent, which in

turn enabl es the decrease in8electrical conductivity

of the sensor to be nore accurately correlated to the
other raxides inpludingcraressslays of particles, dhe §aejes jayar alsoowy) likewise

ed t hat ot necessary,
chinere A Sauie PayhiEeL PPEPosB flatdss. Conerers”or
pl ai foeBYaARi sndRbY a8pect, thef ipeéntiorerelatesabs nwthodi @ivproducing
gas perneability polynmers having an or an| cto g/dr
and@sSer fommeasyrige the @@ﬁrw%rmqaiﬁéy qfsa §%tdm5\t‘ﬁ'P al as described
fr
B g0 i Toffpriio prsliog L efkiofes, BAR connecting an

elatyridally Hoomivetive aensimgr element thaincormprisepla eaterf amd/or exygen
desired to i nprove the performance of the sensor. 15

Spo9itve m?éemlrt@rsancaw eleslfOofeS-deposi ted as a | ayer
havi E&)éég I§§tﬂ ﬁ%r s"ef\gﬂn'gngleﬁﬁéﬁf‘ A Ble@rdRs?chfVbe obtained as

mcr an conprise any organic
prm"abncaibdh’rmﬂs svithi dispscifie fam eey.ya Wafelse stiips dadesiegant pads

t d f o]
S st i i S T Pty e semsing
|§|tcf PB%rm@@'ééeé Hiness 1o istfacd @F Yviddy lspBiifiat Vidome dégosition
as copolyners thereof. 20 O her swtabl e polyners

netbbdslee.gatiyerared mperqj@ny@reswttealng QNN Burfpes W@Iogy, the

s%ﬁ%@g?é&gﬁw%*g% l & ei%éu?%(gllg f%l' lls"%‘éﬁ%gé %lahgé in film

Jebbgiﬁoﬁré%]u%rﬁ@nﬁahd ﬁérﬁsulﬁequ%tly Ghapediandrmoldgdﬁnm a desired
liner layer. Furthernore, the liner |ayer can al so

foromio fosen thes@MsPhat i on of i norgani c pol yners such as
SR (00720l Rl Hlpdse PG Xy RIP SoutP Y IBFBRAES metiod,  the

pol y s and osphaz oted in
diditfodesngam bl pnmvtdmt fayofabricatfort be tmmsensal 1 speeraf ways. For

PTI g E’ﬁiggs;gf’;{pg?}sﬁ U] Ine BitcBARRE T A DA offiSiders and
tRQ5 Ssbisr tiat SEH i errﬁ?ﬁterté ahel %lecﬁ@o%%t eﬂltérﬁétvi/él? in one

ase substrate, ayer and/or liner |ayer.
eeummm,nt ithe stehelrigaderrtenbalm@)lhsﬂdaﬁn %@W%hﬁgl c,Qm @uSUffaCG

fa Yiee subAaleo e, B 3he B cobs 8 SORE gL, MY Bonsing

BR y‘ﬁ% sRﬂleé g@ﬁsmn %p%:@%lé!esthw it oheBalways necessary to
eErrr‘taartnert a such a‘gé}a i con oxi de or WD 2005/ 0959y24 y

samersmosmm@cﬂ@nems apghbe egriedes i (foan iy functional electrical
qrg]ankrrllgﬁf YR Ry R LiRERRt 1§ B6inP Hd 'sBhstndY Slenfirt UifRMy onto the

electrodes, or vice versa, and to secure the arrangement by means of a weight
placed thereupon, without having to connect them via soldering, conductive
adhesives or other connection means. However, depending on the application
and the type of electrode and sensor utilised, any suitable type of connection
means may be used.

[0055] In another embodiment of the present method, the electrodes are
formed on a surface of a base substrate (which can be the material to be

tested). Where the electrodes are electrical wires, the electrodes may first be
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conprise the same polymer or conposite materials.

[0052] In another aspect, the invention relates to a
woretloos9ed produci ng a sensor for neasuring tPET/g§ax04/000075

pernmeability of a test material as described 5 above,

sai d method conprising providing two el ectrodes, and

connecting an electrically genductive sensing el enent

that conprises a water and/or oxygen sensitive

imeabilisgd oo thai subsiate vaitt ted esntach@regs wpbsed;eleavmg a gap

oBRRA B SHTRSRBUE LT PR PRaPll B D's8Ring clement
anef #iep, fodinindg $he rsefeRigC eRMleritaS the gapvwftbrﬁaomfg[1 the electrodes
assenbled directly to formthe sensor. Alternativel

Wherenlbeslaslrodes are to be Panae dsalin of ithigh éuhmneonventnonal film

ORHEATEE BRSBTS SRR g o

vaptl)macdep@mm @YD)t heheraieasi OQ%@Jren@étﬁos}*Mh b@CVD) thermal
grocured in aformthat is suitable for use in film
@B@@i’“?ﬂoﬁpﬁﬁﬁr'@ﬂmﬂ& aﬁ'MdOﬂ“ﬁér}SLﬁ%@eqamli'% siﬁafpfeelogmcmay be

FBse e (00T Ehstre pBleR iy B e B RERE nto the gap

fcrrmdnbobetWIeen ﬁh&celeonledwamslhg pr auitdble froask, or conventional
br| ation the sensor in several S. For .

e, of pcPing BREPEIES, oF Ay Sheuial,evaptrlon techniques such
a§|tﬁ6éé@é’é?§lb%af8rﬂﬁi‘rﬁrhg3fhe@é9l% @nd then sol der the

sensing element to the electrodes. Alternatively, in
one (56 Hbdipresent methaskean bg Mreaﬂrmltlas:cordm@ltd) iaswdsuitable
str

. 0, te,
suehPESEDs, FoPedfo 1 ebeiods sRncisfiot doihed of the test
niRashItkfo’) Gé&ﬁmn hee §érhénh§@=lé?ﬁéﬁl0 Wt‘é‘h‘nétw@lip el 66 possible

that it is not always necessar der the sensing

te fissfefarmaitie tS@@SElge@leW&soﬂ'@ ¥hﬁ ﬁeset mﬁ@ualoheﬂore forming the

C nection. It may be sufficient to form
?']I]ﬁrg&&st@ Séﬁ%cgtre eiment directly onto the 25 el ectrodes,

or v[aosnewaen n@euislir@meatsu*eqmﬂﬂ@ Iﬂﬁlﬁ Wﬁmerﬁm\m«'x@% lower
pl aced thereupon, out having to

tf@ehﬂecg/r% H@ﬁ&/)v@r& todrieniried, OLEdWHU@tﬁev'éOT aﬁ%@smveatm tests on
@p%ﬁé C;fé?ﬂie%ﬁhfgggwe\”{ﬁﬁé\% sHa%vszcfeangt ; Ogeﬁgﬁgeawm%est materials

atlon Senso
aod |slense|dcompynemmSttabt ara gpestantiaiiyndeddid @h comsanmants, such as

ORaRTLAH WERPCHESChie SUPSRNP R 68 RGO SEBFBiPashog partcies found
of ESaTates A IS & St (RRLF bl AR bt o
semscufscomh@n@’nteoas Msa&dpefwstmﬁerlmw)o&’mﬂgm remove any
cg qyr%%n 04{n%91%0 ng macro scale adsorbed particles, which may be
introduced during the course of manufacturing, or when carrying out the
deposition processes. Any combination of conventional surface cleaning
technigues commonly used in the semiconductor industry may be used, such as
laser cleaning, physical and chemical plasma processes, UV radiation and
silicon flux.

[0058] In one embodiment of the method of producing a sensor of
invention, the surface of the test material is subjected to a surface preparation

procedure in order to remove such contaminants. One preferred surface
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19 imobilised on the substrate with the contact areas

exposed, leaving a gap between the el ectrodes that
wa@orsespPends to the [ ocation of the sensing el BOERG2004/000075

and then form ng the sensing elenent in the gap

contacting the electrodes. Wuere the electrodes are

to be formed as thin or thiglg filns, conventional film

5 deposition techniques such as vacuum vapour

paepassiion @ro¢aduby cophgridesalinsing dbartege pwdénial oo subdbiate and its

e N L A T R —

dtéﬁﬁéé‘lhg.i suithisieaebeay wisgh bﬁay{) Weedsed MoIid@es éé@én({]ag{/, tertiary,

e sensing element may then be evaporated into t

apepbranehae@hest weaholsee.81 d8-poeiad alsdhg ar daa-bulyl @lcohol. In

) Bl ST BE LSRN he ORI KesRin€ i dmuicalg gy s
a8stoneoard/de sHorbeiehifh qirirharynalehble setie s Af@Sanol or any other
c%00'56] The present nethod can be carried out according

emiga) haf 1Gas act 8y @Eh GEIFNIC ssRlpent twardsaapy epolymer in the

0 C g f . t Qri
SGLAFE" iy et He Shitdie | B TERaRT dfifodifitnss TR, fi, Myethoa o
p'refpairhged smm&ﬁiﬂbsb mvEDbtion. Ad::crclirtiigfg?r, M & Pelymshaﬂﬁs not resistant

el e nt onto the test materi a erore orm ng the
Q. SHAB SERGICaISe B: PESEE 1} 38 A12sn SHbREale RAWBRdiger layer, these

iid hi Y SEEVIN I ;

CER ol 1S 5 MSTOLAN. oSt QUPEALES i i
polyedraas rathemmateritls present owthabape subsihateidrg resistant to these

t eri al shoulg igeall be perfornmed with test
chETias, e ey et DRE0IOREERBINGS that are
Z ggswoyg] ah! thedgtydied sQffa & D SPArBAHH -°pro§éﬂlﬁ|e?§ﬁep>ﬂ§{% ;%%nsor is

. M@ter reaqt!ve substanqes Qr macro scal e adsqr
ripsed withelcohnlntis Rlawtdriad using higlepressure gas to gelaidaf traces of

oL AR S RSN e S T Moty S g ovn i
orlerao edste thatthes@face is fireddl duddrbed Aistdiener e In cases
scal e adsorbed particles, which nay be 25 introduced

Wagre 59ene BelrEs drentiskd det e AENSYr IiAciemparalreat which
vAturh 'Efe.gagﬁﬁﬁ%é\'{ BB B SEETay YN GRRBLE 3h!1R8 o?éril/nic polymer

convent ironal “surtace cl eanr ng t eChNT Gues Conmon
useaca darich theh eespattive nglass drarisitibis temperajurieés)ude dgersarah suitable
and chen c

as | aser .l eani.ng, physical | plasma .
teiRalies fOURATHRR At SRCUHE dSqassis are Belowsihq glss;transition
tdrip&BELIBNTONbIBIY pAmich@) TRédia iﬁfth@rb%gécédﬁgtréfe? H5 Bxample,

of " ‘invention, the Surface of the test naterial is
whels eonventianah LD foeekenpsiashs areoused, vacuum degassing may be
carried out at temperatures of between 30°C to 100°C, preferably between 50°C
to 85°C, and under partial pressure for 1 to 80 hours, preferably 6 to 60 hours.

[0060] In a further embodiment, the surface on which the sensor is
formed is treated with argon gas plasma after vacuum degassing. Prior to
forming the sensing element, RF argon plasma may be used to bombard the
surface of the barrier film with low energy ions in order to remove trace amounts
of surface contaminants. Depending on the surface condition, plasma treatment
can be carried out using plasma power of 30W to 2kW, using argon gas flow of

20sccm o 100scem and a duration of 10s to 2hr. For example, when indium tin
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procedure in order to renove such contam nants. One

preferred surface WO 2005/ 095924 PCT/ S&G004/ 000075 20
w@r@psapaki on procedure conprises rinsing the tBSI/SG2004/000075

material or substrate and its deposited el ectrode

with an al cohol, blowdrying with an inert gas, and

vacuum degassi ng. Suitable 21 cohols which may be used

i ncl ﬁdepi secondary, tertiary, and branched-chain )
g A is usgd asshbayirieniayesl & SHiRDIg plasiea leajment comprises RF

hat . 5 | : ki d |
a8t 200 3frald biad MOV aidoft oS S0 T0kbG and weatment
duwratiemef Ao Baigisthairtutedai n primary al cohol s such as
nmet hanql..or any other chem cal that can act as an
or ga?[PBG},blwe_ rt"@\%%%as&ntg"le_p&p\?ﬁﬁ of gy H@W%!ﬁ%@@legf@,aﬁon of
tﬂng%’%o 'rg#)eelétﬂbh?bﬂh% eRp&Rd %hﬁa?é?‘?ﬁ"ﬁ%néénéiﬂ tdl8ment can be

preparing a sensor of the 1nventi on.
protsstetl frginyexpdsuae o Watenrvapioat of sxygen by sipplyamy adotestive and

iRl it St BRbne atet dig CRBOSHEN e 3T clement
HesEBEEN GaRRCEGY The i%M@tiﬁ@ﬁg%ad éorﬁEHse %gwg'gg fYrganic or

other materials present in base substrat

inergesicalayer,ostitieas a dhianfilonidspositasl byegorviestiobal prosdsses e.g.

AR RH ensb AP R sLER RN P B A5 B FRAS RSO uorce
@b eehable fof tHis phiposedri ed using high pressure gas to
get rid of traces of the rinsi ng al cohol .

Subs dQ0@2k Ajter cagyisanadrthedlpsraadieatment precass gvineriar buffer
Rt BoSPRHEG LI R0 BRI i o R metl o

raeial ugied) layer bs ssrsdmatingher tbpriaeraThe dinet layler chn be deposited
be carried out nay then depend on

vacuym degr ssin rm){ : .
as@ typ days 3%%@3&9@ Ing Q) YegUERE\EROratid et any ethgrLopventional
sitﬁl%@ékfép%&ﬁbﬁ@@é@éé:” e(s). In general, suitable

enp

eratures for carrying out vacuum degassing are
bel 0\j0063] Ahalert erabsdiment oft Erperesentemetingd dtirthére comprises

ol ynmer (.s resent in the base sybstrate. Fqr.ex | e
diabRliatid o Ferano, ety Canvatibted Bafapsideicr FRnHos for
éﬁ%@ﬁ§§lbﬂﬂ%ﬂﬁé’ s'@ﬁsingaéléh@ﬁt Pty Bé Js@ﬂ%ﬁcﬁh#ﬁfﬁe Qfarried out in an
between 30C to 100C, preferably between 50C 25 to 85C, _
ingrd emvirtenmeai,t $uoh ps esglove by Hortexagopleo triegsfer molding, which

B BRehe TR RnE i sn B el G bR thgp jpigotng &
thérmidsating nvatehalRing® thg 2avie), apap brf t&riedasutuim order to form the
degassing. Prior to formng the sensing elenment, RF

sengen Heiemesgting matarial is slawed to finw owarrihaeasnsing element
LHgi? iR Eb@ére‘ﬁé%@?&ﬁ% Nah PV GR&BHet WiPed BoCFHIR it Hrdens into a

nove trace
protective covering. When the sensor includes a substrate, the sensing element

and at least a portion of the substrate may be placed into the mold cavity. The
thermosetting material can be made to flow over the whole sensing element on
one side of the substirate, and then allowed to set. An uliraviolet (UV) curable
sealant, e.g. epoxy, can be used for this purpose.

[0064] One variation to the above encapsulation procedure comprises
applying the sealant to the rim of the substrate, followed by sealing the sensing

element with a cover substrate, e.g. a glass cover. The cover substrate can be
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30 of surface contam nants. Dependi ng on the surface

condition, plasma treatnent can be carried out using
wo@b@snmesopower of 30Wto 2kW using argon gas fPoOwsG2004/000075

20sccmto 100sccm and a duration of 1 0Os to 2hr. For

exanpl e, when indiumtin W 2005/ 095924

PCT/ S&004/ 000075 21 oxide 44 TO) is used as a barrier

| ayer, a suitable plasma treatnent conprises RF power
teenspacant is wisder tet prolidgsa JBW ohihfoRenirg elemericduninghtine course

& BEMTRD b Sl ReBbartatio Lo, bR ab o dflused
iROnGIEdcRBaBf to Diehher &eRidenphaibgraphis, oftthe surRasPdlement as it

surfaces of the sensing elenment can be protected from

dagepetates durinattee cpupsLe! e BRgeRMSNtAREH yisnn added measure

r 1V [\ i |a ’
s PeieheS Elerfidl 57 /ORI PEERR ORELSEE e cover
aubstradmeytalsd be dlesnedbéiuge luegeforaxanymepby siasimgyit in acetone

type of organic or inorganic layer, such as a thin
gd wasposi t ed by conventional processes e.g. 10 PVD

ﬁ;gﬁ}ﬁosi IffrétS ﬂ?rlft{?étasfgelcﬂsthéuiﬁg?@%ﬁ fat QlEHrﬁiFédt'é’cﬁ kde, &dem for

SRY l"'uor re’'suita or this purpose.
rhéasRIngAlgasr peraneability ofut tdsd pheyizd, saidlatysiem comprising the

b=ttt EWE e e s S .
Pistnt Rtk dodred, é‘sdigitéleéighélaéhélﬁséﬂ ah@R hteF forlAfeasuring

i ner layer can be deposited 15 as”a thin layer by
repistanceat i ng or vacuum evaporati on or any ot her

conv j | surface,deposition proces 63].

Aot HOPEEEBLmeRE HRSE 17 B3 bR WHBHRS e qdihRaiding sensor may
(A8 InS£ Suit1e B_RHLRY iviHbre hife BaRHIRY préssRBtand temperature can
Conventi onal encapsul ation techni qgues for

bensabiueayidrgiredcleyehisi agles tertimulataya particsdar andrarment. If a
carr i t i i

*gﬁ%@gy béoh;a?‘?n or'seggﬁgplféf) tb?:%é% :tﬂ‘én%%ﬁ%%{?onm%:f‘c‘iﬂh@s g%ses, .9

dxygehy ésopghcthegteshenaierial niayelatsvebe stotizdabgaimirogucihg these

a nold and then jnjecting a .the setting mater.i al
Gases 1We 08uFHgIDRRSIUBBOCHEY e I PIPCloder o torsensor are
cﬁﬁ‘ﬁec%‘?inﬁ)oé -cohBfark REFERS %Bhfdégrrfé‘?ér?\fvhﬁh may ah 1OMeHe tifterfaced
ow over the sensing elenent unti It is covered
veitht iar edmputen dhatsrecoedse ife datec trapsmifted: fram the hwteeaka regular
over | Wien t he se

.into a,25 protectiv ng. sor._ ..
InGEYRlGADY SUtapiE;Gonstarti Gl RopTRs delstoean B3 Higedin the present
dyRfsth. ExBRPIELArdfthddee SIS ldrat & dilBlslb froR] &edflidyn{Ohio, USA),
the nold cavity. The thernosetting nmaterial can be
Bridge Technolagyérizona, WedY) e o8 dalenngpestedMiddiesex, UK). A data
plotting software may be used so that the resistance of the sensor can be
plotted as a function of time.

[0067] The system further comprises a dynamic spectrum analyser to
evaluate the 1/f noise of the sensor when carrying out the test. Suitable
spectrum signal analysers which may be used include HP35670A, HP3561A or
HP35665A from Agilent (California, USA) and SR785 or SR780 from Stanford
Research (CA, USA). It is also desirable to choose an analyser that provides a
fast Fourier transform (FFT) routine to evaluate spectral density of the noise

signal. Optionally, a low noise amplifier, such as Stanford Research’s SR570
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one side of the substrate, and then allowed to set. An
ultraviolet (UVY) curable sealant, e.g. epoxy, can be

waois@d/obde4 t hi s purpose. 30 [0064] One vari at i oPCT/OGL(0€000075

above encapsul ati on procedure conprises applying the
sealant to the rimof the substrate, foll owed by

sealing the sensing elenent2gith a cover substrate,

e.g. a glass cover. The cover substrate can _be WO ]
lop0BPise saPpliferT/care bo ussb bty Py tthanigise &ignals msiceo being

i A sensing el enment during the

é:rgﬁgéssceé\ﬂ %?tr%a%pa%%‘%ﬁ%&t he perfgornrance test. Iglovvever,

an 0[eQ68] Theemdrmyrring vgstdni fmay tincsrposdten ot seray Ya t Bumidity

view or to take photographs of the sensing el epent as )

¢hamBridaifealae eihefusiiiable Repesoel iest shambersrithyiciniast materials
n .

TS Do 1SRRI B R, 2pd fEh o oG BARTLAGH different

corlaiitonst Examyples 9 dudtablecealmadbbest mckides preskarised gepl ehambers

b insing it in acetone nd water. [0065] In a , X
6+ P badp oy 0o RBATRFER A BIeTdeqISSUIPY BdeSbeiasnber in which
o 1 r I I f - -
G Raeton EASUEN TG Eon BELGHRAN Lt ' RIRuILR) spay comprise
Ppheli@mtceniregmiriion thathis paytitienadiby aciespspeament @sibstrate or. film)

S oot 0 Reriis bt B 8485 % 8 islmprinec
préssecartte téthperaille A%$ bnSBRItReMside it heaeePEPEINERY an inert
sensor rrac?/egrp aced in a suitable chanber where the

gamisdproyidegr alsther saraadort dffpenkiiessusards a swaepsgas {@ evacuate

P HE oSt B AR 1k Bt BoEcibuiipl) 14 s chamber,

4 eshsorti§ fabrivai@d bh ahe dst@peeimgnand atltched t@MWside walls of the
through the test material nmay al so be studied by

ga% ¢hsplkeg t hese gases into the chanber during the

test. I . C: t

consi 190881 AnBHich UpBcl bt WiF pRER inirfion SYREIEE o' efhod for
detemnihimge dag Qenridabilitg.omist methdthicomgrised scdritectihgt the sensing
transmijted fro tIhe rrete{.at grs{@ﬂear interval . Any
lgmeRbpP a(ﬁ%@?é% h& Present dygnden yit Y"ate‘érﬁ On@ePsduring a
Meﬁstﬁgﬁﬁﬁ?est,s M@a%ﬁ?in%’fﬁé"@h&ﬁgé‘frﬁek@ﬁ&%} ?%cgjbtﬁftf of the sensor

aval rom Keithley (OChio, USA),
ovet lenpenoy of Aine,carad calsaatingrthel gas pproeakility Mfdbedssk material

b FR Agp Bl S0 var ey e used 5o that the

f unctipepoprhd taRulation of gas permeability is based on the rate at which
the sensing element reacts with the target gas. One initial value that is usually
established in order to calculate the rate of reaction is the initial quantity of
sensing element. For this reason, a specified quantity of material can
advantageously be used for the fabrication of the sensing element. Alternatively,
the sensing element can be designed to have a pre-determined dimension (
length x breadth x height ), from which the quantity of sensing element can be
calculated using the formula (1):

) Volume x Densi
Amount of sensing element reacted (mol) = n 24 ,
,
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[0067] The system further conprises a dynam c spectrum

anal yser to evaluate the 1/f noise of the sensor when
woaorsymwsg4out the test. Suitable spectrum si grai/SG2004/000075

anal ysers whi ch may be used include HP35670A, HP3561A

or HP35665A from Agilent (California, USA) and SR785

or SR780 from Stanford 30 Regearch (CA, USA). It is

al so desirable to choose an anal yser that provides a
whesein Fiber variableavewng (efers to dbei valume el dhefepsing element,

DI TSR i Bbndiifof e SepSheoAgmerk, BAITAY il to the
rol&ivd BB afdds BEHSsEHEMY @@ﬁﬁ&ﬁ Bg%?mhmmm #®e (molar) quantity

anplifier, can be used to a t he noi se signals )
opsepying @leyapAbUSes §t theseen %ﬁ@eﬁtemw%@rﬂpﬂ&aunt of reacting

T .
o 3868 o7 BELGERBL S AACLES FBIUBRY BEESAEH Al i e
stasihg diameat san bevdbtametieShisnquantitpistakencarbeequigatend to the

e FEE ﬁﬁ%ﬁﬁo&&%# G5 Spe e st AR

i ncl Kéﬁﬁ"rﬁngsﬁﬁio%ﬁg dl er r eg’sﬁfr%r tﬁ@dséWsQﬁrféabeése e conducting

oxygen chanbers. A pre setup of a test chanb
elemtnidiﬁyc;bartrgms opéduliypatel te messuresheleciricad copductivityi ed Mho, is

offr ST AR, e | Byt G S Wlod RERIES moter. Gas
ARG Rat8lcan tfé éam:ulé%d' fRérA thaworpRaai(pps. One

section is provided with a test gas at a

pre- deternrned pressure and tenperature and on the

t her side o eci men, ;a | .
G Bionbis e % red GG Sy B T g PR Slhge 483 el T
gas to evacuate any test gas present. Prior to

mounting the test specinen into the@ges chanber,

whexe dhei varialile i 'd4Ned refers fe thesimeplekenelor ahg %‘?'i‘sé)é hi®g cease
chﬁ @ﬁfﬁrgs IACth lre$pe%2{t1 khe no]t GRSt ShAERChe d%ﬁﬁgﬂo c%hbrate the

aspec resen IAvention is
seR$drololy ﬁetermﬁahg rthé mrm@ ngedaecbﬁ:rrthamntrre ycon's“rhmptmrm’rebmmon of a

sgenr?{;,grggrérg n r%hlr,ag thﬁséﬁgﬁgc\ée gn@nt of Segg’l%rration is
d@,rré' Befrortd é&h?l@éﬁtarn%atwmewwgwgeqzdw@B@Qﬂe ddhsor with a

ectrlc ductivity of the sensor 20 over a period
sehsmgrmemantjhawhg dhasamg drhengms;&ndmractetryh@s camgely upon.

est. materi al n nt .
"&éPE Aty qyranggge,dtg rpgi{ﬁrqt&f §or ggjh%rﬁﬁz%%@ rfflg a partial
réécﬂMh' &rthets@ﬁsm?rgqémgnel ement reacts with the target

One initial value that is usually,

[0072] Instead of calculating gas transmission based on the reacted
amount of sensing element, it is also possible to calculate gas transmission
based on other variables such as electrical resistance or conductivity of the
sensing element, for instance. In one embodiment, the measurement of 1/f noise
of the sensor is carried out to determine the gas permeability. A brief
introduction to 1/f noise in the context of this invention is as follows. lt is known
that signals such as a current flowing through a resistor, the resistance of the
resistor, or the voltage across the resistor, exhibit random fluctuations. These
fluctuations, termed the noise of the signal, are characteristic of the signal. The

power specira of the noise P(f) as a function of the frequency f generally
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established in order to calculate the rate of reaction
is the initial quantity of 25 sensing el enent. For
wo bios/op®ason, a specified quantity of materi al PCBRG2004/000075
advant ageously be used for the fabrication of the
sensing elenent. Alternatively, the sensing el enent
can be designed to have a pras determ ned di nmension (

| ength x breadth x hei ght 'L fromgwhich the quantity
kehayen Scherdingiashe Qualios: PEke dull at Bdereibd arels close to 1, the

{8y PSR B ARG GPIERR 1558 Yo pin noiso
ViRGIGHh SC20AVEH) ifiEn inJgtonkssas fount én natureblfer Exéavhpletthe 1/f noise
refers to the volune of the sensing el ement

i8 SERRIM ¢AY raplepular PIQVRENEIH 0 ielSLTEaT Muedshd): Jig3=0, it is normally
; "AnL_-r af:er, [ JAVAS) '

GYeditite A8 1ig=2 R IECRIER bioWin rofic? THEDENEFTL LAt of all

rpisenfarmg sush ae h&inuise | venitennoias ebrawn noisesantsotheb yypehef noise

2 o diRer B RR oo iahE; e cbiny aBaiRe A et the 11

niidd) of Re sigh@N B4 fBhEIBH bf GRbte PRRaLIGK vARbBle that changes
quantity i's taken to be equivalent to the quantity of

dyuiingt theneonrsecafl thier meghuremeentdest, siiebi ae elentricalsrtesistance, the

St ructur 0071 1.T a nt t b taken for .the .

i3lhib elcutebat MeloHf PP B e MR, 5 bbby % e signa

with fespdct o d heafeealueesler| £ pbFibg af HAGJE Gbbatided & fuctuation
is 10 also usually needed, and can be determ ned

O 1 . ) .
data.hThis Jperrt walwet ean fasdRstanea benheAvenagavalugeaef the signal over

. PFRE -SSi.
1581 GUABLSH {ATSHBEch R, tud kil EeL AT OBl BRyapeiommee
fmmath(egbim}a dahahr ir{l]toT'thm)‘requaneJ‘wnaihe Fidillyalthe probability of
"Time" refers to the tine taken for the sensor_to
fk‘:’@ﬂ@é"’”cé&'ﬁﬁ:i‘f‘%@. as the _rﬁ@ﬁ@k gepsity iqrtJ the sighal} is iietted as a
fgﬁctmﬁ’oﬁﬁe‘{ﬁﬁ%ﬁl/aﬁébl&,aédcw ?lebt’r%al PEIAStAhc®¥s mentioned above.
etermning the tinme neede or the entire
Suminsa piatitypicalyashdves thidt the chpegé fin spectral density is proportional to

i O b R e S
ditelca chbrelatetPfrehiesUf eh@lagaisignsor with a 20 sensing

el enent having the sane di mensions and characteristics '
can e0T3]Upimembodinsestrelies wnsibguelationsiip keiween the change in

ERbBECIRS) SGR3RE STBNdE T haRHheE 3k SRRl m orcer to

deaérenihat thizg r@latonghipisai gigitainsigaakdnalysbheanhebet @skd directly to
anmount of sensing elenent, it is also possible to
avaluaie dfdaigasas AdHBRIQYL phsensor resistance as the test progresses. The

measurement of resistance of the sensor is simultaneously carried out with the
measurement of 1/f noise during the test. A computer interfaced with the system
can be programmed to tabulate and graph N vs R, and thus obtain the rate of
change of 1/f noise with respect to resistance (dN/dR).

[0074] Experimental variables and initial values that are usually
established for the calculation of gas permeability in the embodiment using the
1/f noise include the initial thicknesé of the sensing element, initial sensor
resistance, conductance, time taken for the test, and the sensitivity of the digital

signal analyser’s 1/f noise analysis (S).
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25 based on other variables such as electrica
resi stance or conductivity of the sensing elenent, for

WO n@sared | n one enbodi nent, the measurenent PET/$6GE004/000075

noi se of the sensor is carried out to determ ne the
gas perneability. A brief introduction to 1/f noise

in the context of this inven26on is as follows. It is
known that signpals such as a current flown hr ough

' ed00FaF heralouan Seeed Trmule o ihe ifales i need to
AR A g Shirh ot Sl PR Baseb AR i < of
the signal, are characteristic of the signal. The

power spectra of the noise P(f) as a functjon_ of the

f r eGliepgsinreggmesedier Yyrneioesr 64yasa ( Bovrses 68 Egdoo7 8!
25 behaves according to the equation: P(f)=1/ f R
Wiere R=1 or (3 is close to 1, the type of noise
exhi bi ted i s nor maChyngech sensedicingssp(ly) as 1/f noi se
(or pink noise) which occurs very often in processes
found i n A&un¥ Sepieg clengrighisknass ~Iniiahsnsd refiglagesdn i n
any nol ecul ar novenent or electron novenent). |If P=0

it is normally 5 called white noise. If R=2, it is

cal | goob6epOnca the ehafpe ipwupsos pisickmessPdg beenadidtermined, gas
noi se fornms such as 1/f noise, white_noisge,

trRIssRisaing ratenean by pradily q&&l&%teddaﬁmgfprwa@%&m@&
W th 097@9@%} adveRtdde! Mitpﬁﬁgitpgﬂc%fggm i KbisdGnstead of

1/f ol S a sigmal as a not her
measunirgpieectdr ihebdrargean tbharzgieble thubé mepasused candze aftributed

TS0 e g S Ay S SOHE ) wBRRLSbR Shaysers
rt'égaﬁfg' Yji bl fpleaiNalesennah 1the foﬁi“ YRl /HAM Thisrlgﬁglegﬁs sensitivity

a nean val ue over a peri.od of tine is recorde )
d¢arube @houbh todacwdergiof snagriltde anoaller dham dhe vakieagichebef noise

hefsBEhG LTy 1Rl o R onent dl e Fie Batirion in the
detisol ahdtheresdrerdietled themméeasurbihient 60 gas frahsinssidierates of less
frequepcy domain. Finall the probability of 15

thel KO 01 6Y0aval s QBRI e Earsgoit 141N Sf e engerecan be
rﬁbggfﬂje%iebﬁ% %ﬁﬁ%czdaaaécﬁmcfﬁliﬁ%f anfc;r F&%tgﬁéﬁrffoom] e plotted

vari ab rical resrstance as nen
grapleit wilSbe lseanhalt ditl\di isaldry setediwvendamirig that thd emegasurable unit

Jnasone f haseresrerapnondaene sEIdnt driongr Seodafd 1o 10°
(f’rgEﬁ?]\ ffﬁﬁéfaéﬁgoﬁﬁl Phrfdate iflPH %%?nsiti()inf 6 JSeLaR) YatéOvapour

odinment reltes on the relationship
trarsmeiesionheate haingboiin 101/ g/mfddaye apdNpxygen tiaespodnigdes of 107

BT Sl 8 AERRef Soho b asPEISd Rughof semsitviy i
SficibRt 48edhei papos¥st Bf testing low gas permeability materials and
structures such as that found in FOLEDs.

[0078] In addition to improved sensitivity, the present invention has the
advantage in being able to determine diffusion coefficient, permeability
coefficient as well as the solubility coefficient of a test material using a single
test, whereas previously it was only possible to determine ach of these

coefficients by carrying out separate independent tests.
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eval uate 1/f noise as a function of sensor resistance
as the test progresses. The neasurenent of resistance
wo@bkooslesosensor is sinmultaneously carried out wWetSGH®4/000075
25 nmeasurenent of 1/f noise during the test. A
conmputer interfaced wwth the system can be programed
to tabul ate and graph N vs R7and thus obtain the rate
chan e of 1/f noise with respect to resistance

( dN/ Em]’th@ia@gomﬂaﬁcr{péuonam @& hadaeh thakthe invention

I ek S
affiexiplé bad rigid polymevissibsiraiesudwindeitheri dingle drhnallﬁpl@'sgotectlve
of t he sensugg?el msnt initial s nsor resi st ance,

IR §u @neRBRY fuQides Wit fle WithoUT coyigr  gidbstrates, epoxy or

SRS Mgl G0, G015 3L Re, K9BKige L hpstetos wir

eari¢rotdctivaelafer Icommgl@mmulmlay&vr ongangc :ohomotgwnc thin films.
alcullﬁlostht need t arried out tqo obta

g My fs“é\”o AYSSEVY. Qgsafaéwc(%i#% yer%u%d@%fgﬁﬂlc layers and
drgéhlétlé‘ﬂf@ t@??oﬁd‘é o @ag GRrinBability peendride éncap%ulatlop Such

in sensor thickness
p@lg@tma@reew@@bfnempIﬂy@klneﬁeeimmﬁrs patkaging appllcatlons such as

G058 O ) VeI B R
(Leayidryl inRigrateatarib patkagdspstradtares! Yhatfatetib) wh[dPuOJrE] used for

One advantage in nmonitoring the change in 1/f noise
formainghese sUbskaigsi ingluderrAYMpry BEClk Rgngelyeivians, polyethylene

SY@ @L%’ @ol&@a#ﬂ%n %?raﬁ%nm}ﬁ H;‘tchﬁ' t?éjégrﬂ rbatté’d t\Mﬁ}% IMhgle or

eve senS|t|v provi

nslulgpml Iaayeed yf anetal roxxdeeawll cayaidié¢ bapriere cbamgs;adaé wdleas glass
g X 10" 14 \2r d‘)é This | evel of sensitivity 15
s ﬁtr%@sa@h?r @p@'@aﬁow i t%@rﬁ%r@én\éqfﬁnonemaw%used are

T‘%i T aC| {Tfét tt&egéﬁfp h&ftiont ﬁ%ﬁérﬁeQ%anEﬁaS@%Eﬂ and LCD

at es etectio very firne oxidation
encapsidatiapnsand disd driver efaiallic e&m:‘dxbsmeﬂs has eelb asefvedt and drug
of r(gas transm ssi.on.rates of l.ess

G a P SRR, FrrRutiS Soolaifs; Aad ol coplainers.

be BesS0I T iAvShiRIrORIask ﬂﬁth%rfe%féiméwbﬂhé%lﬁﬁﬁng non-limiting
resi stance. Fromthe plotted 20 graph, it will be seen

expatPleMRBIRthe aceanpPaming figweanimyhichat t he rreasurabl e

ot oGy, SR B GRS St  geror o
tHdbeedontirileaties. i nto a sensitivity for detecting water
Valoo[0082] Figures 2A to 2F show different embodiments of the sensor
supported by a base substrate. Figure 2G shows a sensor that is supported on a
barrier coated substrate.

[0083] Figures 3A and 3B show different embodiments of a sensor of the
invention incorporating a liner layer.

[0084] Figures 4A and 4B show a sensor that incorporates an
encapsulation.

[0085] Figure 5 shows a sensor that is formed on a base substrate and

which comprises an encapsulation.
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transm ssion rate of about 10-8 g/ n2/day and oxygen
transport rates of 10- 8 cc/nR/day at tenperatures of
whewsm®es2£0C to 95C. This | evel of sensitivityPCESRH04/000075
sufficient for the purposes of testing | ow gas
perneability materials and structures such as that
found in FOLEDs. [0078] In gddition to inproved
sensitivity, the present invention has the dvant a ng
in bED08G) dhgwet 6 SeWS ng reengor fihal dn eHioHreqd dpcan analogous
er bilit well as the solubility
”%6@1915 ?é:ﬁf‘%;%@t'og]%ﬁ ?é‘tﬁﬁa%a\élr%?al using a single 30 test,
wher ?ﬁ@rﬁgur@%'ml tndas7Bnkkowosiaiobl diffeendetigpes nef OLED
ach these coefficients by carrying out separate
trucdgnes. WO 2005/ 095924 PCT/ S&2004/ 000075
27 [ | |
scent FBE By GenPlsn R, QHog R, dGRor! hatas, Rned on
s@bsteB! drppivhizhsintopovaties pfcneckweataylee formasl pBst Budace of the
of flexible and rigid polymer substrates having either
sengigie!lnentul ti pl e protective |ayers, encapsul ation
S”uﬁd stFl%rIelb 8[3 M 8 HhemAKE DR &fad ﬁféas@fé?ﬁé(ntcﬁystem
5 ad terlasortapsonterlmor{) g
subs{0@g0}, Figulest 1eAds 10C fshovathe engasusementsye ’ladﬂﬁﬁr in a test

Wi bmsom R st wEr et WL SRR ojdh Boating. Figure

1PA %\A@g‘?é B bﬂ%eﬂ@iﬁhﬁ Hedlsetfcetsl TilegaRiguré aper shows the
to provi gas perneability perfornmance

geanstajo$ UCalcium. C@nmjctammNSca'quns‘:lﬁlﬂ@ Aogeshowsns grah of 1/

n electronics such as 10
”&’i’%epq’féﬁeﬁgﬂﬁ?r V%?ﬁ’?ﬁﬂ%&%@fﬂ@a?c‘ﬁ? Ceal ed OLED devi ces,
|'i quirQogfysigatesdi 3Al ang 118-Chp @gﬁall ml@gﬂmtoéda daulqwm sensing
pack ges/ structures. The nmateri al

e‘lamamngsedw #sa tesiben aa@@gehhutﬁr@df@rwtpﬂﬁ% (Iglajﬁ)qsggstrate Figure
1A, SEDY o8 e MK At SR RiorRent e pORSerent time

iffehidi| 1@3’(%3?mﬁc@tﬁiml Figuireld 1@ sbewanthe imageem‘ the calcium

coat Ig(é as. we as gl ass 15 substrates. O her
SepBINARleMEAL N # COPFRUSEMR present i nvention may be

used é@fsﬁglofi%gr gsalggamz@far@aal gRAT FRagLS b P4 aRAdilimesensing

of L encapsul ation, hard disk drive
dieneht usedam:haestrma glaswveubs’rwef Gigurad@Adshigyvs the degradation

afgelﬁxg?gétthé ag%xlpjﬁn%?%g l%% %ngnerﬁg}é?@%gﬁ@@@ alHﬁ 'shows the
rfeﬂéétaﬁée BK ﬁdl&grrpé’eﬁé'}?g ERImhen 2t @litferent tftrmaﬁmtEQVaIQO

exanpl es an he acconpanying figures, in
[ 008 [POEBY Higeird. 18rahewsaa gast mermatl@néﬁﬁwelbwelch can be used to

c%?Py gut permeaglo 1658 With & Eensor of the invention.

Example 1 : Exemplary Embodiments of a Sensor of the Invention

Exemplary Embodiment 1

[0094] Figure 1 depicts a sensor 10 according to the invention, in which
a sensing element 100, such as a strip of calcium, is connected to a pair of
electrodes 102. It can be seen from the figure that the electrodes 102 are

connected to the short edge of the sensor. A contact adhesive such as bond
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the present invention. [0082] Figures 2A to 2F show

di fferent enbodi nents of the sensor supported by a
whaws/0swbst rate. Figure 2G shows a sensor that PCESG2004/000075

supported on a 25 barrier coated substrate. [0083]

Fi gures 3A and 3B show different enbodi nents of a

sensor of the invention in2®rporating a Iiner | ayer.

084] Figures 4A and, 4B show a sepsor th

p#ﬂﬁ% %ibrbgt apprigd YREABS PR Ssigegt [tmaaﬂnsmgg@a%nsnt used to

: S r t
BN enEomatt befheld el PREBRe St Hhgcrauag Setiht. The
ele@roRE 0y BO @onbected ¢i0RBE! theghoet 6dgd andha Iseypsage of the
that is configured in an anal ogous manner to a
SRSEREMSEI,  OLED device. [0087] Figures 7A and 7B
show two different types of OLED encapsul ation
structures. 5 [0088] Figure 8 depicts an encapsul at ed

;@nmmm_ﬂnﬂned on a substrate and which
t o ToBE5E g RAR S B heul’ BritiR SBbedindhs ‘e & Senor 200

thaF ReSTpopted! OA T @fsu?b {FREs Y0 & RNt ae@gmh EReg
Fi uresFj 10A l?% 10(33 shovsv t he msasurlemsnt S ot?t al gegh?%mz are

heﬂ@@bove_@wa/\h@sseesumﬁ@eduoét substrates were coated with

i | I@Bgﬁﬂﬁe@f §$ a;_r%)got g%%@‘ge?}g%gépgh@g@] @ﬁﬁﬁeﬁﬁﬁoges 106

argriopated§ on @baiface GPnke ceanerietial ahid'Bre spagst @pafCo form a
shows a graph of '1/f noise of the sensor vs.

gaﬁéféemfhﬁbee eamd heeligleh is poopied bytheesensing glements! 00. In

Fl@g i ﬁ’?hgaéles gﬁé%t%t ﬁetg\ﬁeyl e?ﬁ?@ﬁé%%ﬁﬁ%ﬁe% element

is veltidal atitd. reEpgmtrte théba%emaltdaelni Figges20f tHehplane of contact
s ft EpiiEpicane S RcRai e sCREale, biifgte a0 ngIa R fage than
og° T8 &{soé gg.«]@bpg.r%goso@gﬁ%éagoﬁggggggé s gRiid éHt which has
a asfarra)w: daseusudacesiang a2widd dopnsurfeped This acdrﬁ@tjraimna can for

e bseu?grtrrﬁgc} %y f rs?l#cr)r?nl%ép"th%hgl\gf’:trg gs %%ggasdu tsl’uroart]e and then
controlling the deposition process to form electrodes which taper off at the ends.
Subsequently, the sensing element 100 is deposited between the two
electrodes.

[0097] Figure 2D shows a sensor 200 where the sensing element 100
has a base surface which is wider than the top surface. In this example, the
angle of contact between the sensing element and the electrodes is about 45°.
Figure 2E shows a sensor 200 in which the sensing element extends out of the
trench between the electrodes 106 and overlaps partially with the electrodes
106. Figure 2F shows a sensor 200 in which the sensing element extends over
the surface of the substrate 104 and the electrodes 106 are formed on the
sensing element. Figure 2G shows a sensor 200 in which the substrate 104 is

coated with a barrier layer 108.

Exemplary Embodiment 3
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pattern of the sensor at different tinme intervals.

Figure 12B shows the reflectance of the cal cium
waensiopy2€l ement at different tinme intervals. PODSG}004/000075

Figure 13 shows a gas perneation test cell which can

be used to carry out perneation tests wth a sensor

of the invention. 25 Exanpleygl Exenplary Enbodi nents

of a Sensor_of the Invention Exenplary Enbodinment 1

[ 00940098]g Frigures $€paod SBi depicto emib@dimenisdding sensbh800 which

YIS ot i, O SRR e T ATt 5 5 o
seberaleo Faguré08A dhowsathebnegraaper f Bt hsifidrisy Befv%e%p the base

the el ectrodes 102 are connected to the short e
stiRgtraienanyt thensensipg elemente Siigwesif Ishawstibadinablayer to be flush

P AECTL TR SRS s LR e

i mprove the contact between the el ectrode and the
zensi ng el ement. The electrodes may be connected

Ygem edge or the |l ong edge of the
sensi I . ng&ml Y di,AenN 0095 .
Fi guges @A t@r}%G%ows vafélE o%@%bgbgglsn&,ﬁ@ o'g gl'g@ﬁggr in - an
epCapsulatian il $2 skigpre 4B dhowsaa bessorsigiiciatiee Adapdilation 112 is
FL%lgr'e%éAh t.he el ectro_g]e 102 are held above the base
netBstireqt ehysigal aqniagowE] the srising slement J@0shigwpravides a hollow
sp&ES AN 420%d H(t)fmgd/t kB BE!epiesdPBr kG LS fﬁm?g gas if

a surface of : st material and are spaced ap

requiieda In gap/ spesifichembodistendethe Sheapsudation 1 $2 ds auPéssky resin
t sensin L epen 0. In Figure 2B, the plane

B o atise S Tt wif iropf s Fhanofir seveitigembodiment,

tre) eneapsuldtRnVerd is@polutdthass PeSH ane thB%o%ﬁ/espag:e. is filled with

substrate. In Figure 2C, the plane of contact 157 s

NY@Yepdasi cal to the surface of the substrate but forns

an angle that is less than 90. The cross-sectional

vi ew of the sensor shows a sensing el ement which has

Erematarg \Enhissdiment 6ace and a wi de top surface. This
' exanpl e be fornmed by first

conf ration can for
for nhﬂ’aoaiw IBIrgcPr 6@%‘33 of" achReARsuiaied seprpdrt ABA in which the
el\%ﬁ?éﬂé’é hbB%rE ?ﬁrngtf‘@?ﬁgat él‘rj]’i‘i’d%ég BF& SRk Rale®l 92 OH S L S¥es 106

taper o
are spaced apart to form a trench which accommodates the sensing element

100. The thickness of the sensing element 100 is approximately level with the
thickness of the electrodes 106. An encapsulation 112 is formed over the
sensing element 100.

Exemplary Embodiment 6

[00101] Figure 6 shows a sensor 600 which incorporates an
encapsulation and comprises a cover subsirate 114 adjacent to the
encapsulation. In this embodiment, a layer of encapsulation 112 is applied on
the electrodes and base substrate, around the sensing element 100. The cover
substrate 114 is placed on the encapsulation 112, thereby sealing the sensing
element 100. The hollow space 116 enclosed within the encapsulation and
cover substrate may be filled with an inert gas such as argon or nitrogen. This
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20 Subsequently, the sensing elenent 100 is deposited

between the two electrodes. [0097] Figure 2D shows a
wWae0s0959200 where the sensing el enent 100 haspPer/h@x®4/000075

surface which is wider than the top surface. In this

exanple, the angle of contact between the sensing

el ement and the el ectrodes ig about 45. 25 Figure 2E

shgws a sensor 200 in which the sensing el enent

C@i@f'@W@%utS Suitehle for e’iﬁﬁﬁngegaéepetrh%a‘fmmcpmpdmesltw OLED

he eI des 06.
PRERAGHE SNrREPHARE StrBlVe el IEF GRS RREAR o1 g
elenent extends over the surface of the substrate 104

nd the el ectrodes 106 are fornmed on the sensing
E shows a sensor 200 in which the

SUber ary]ﬁ@ gl nen%h%ﬂ%&oego%}gggggﬁbr'\Ae/ﬁlchaylncorporates an

‘ eﬁca;nssmmmsemm?ﬁz SEMpASiAgGlepoxg Winesa glsatdveBsasRifES 14. In

nts of a sensor 300 which incorporates an
75 GEDDERL 2116y B ob BarARIMA N (SREp Aemianth s abpled on the

RSB 0 FBHSF g MSUENI ol B ol 8o
Celaiwpris used garsensBgsélement OO0 landeheltoy of theﬁséws:fﬁg efdent 100
out the sane

sl b 08eBith A GRotdsiiEe 1AL AEP ar DO ESlBRSIGRUAT Swbstrate is
plEeedn ﬁicﬂéﬁ@aﬁ%le&l&"\@h&eﬁ 'E%éﬁméqge\’%?n%nwd éleﬁ{mtoi’ﬁg holiow

in an encapsulation 1 ure OWs “a sensor
Sprechlq ﬁ@d@mpbw%the)ﬁerlsilzg elemem imtiled witbinteogen.

physi cal contact with the sensing el enent 100 but

provi des a hol |l ow space 114. The hol | ow space can be

ExamplePeBabrichtibhest a\gas pefmicadilitydthdor required. In
ecific enbodi nent, the encapsulation 112 is an
epoxf”pﬂggl An thiseamniewr spase aﬁl'ﬂ%@tedllm &tue tthard geshown

s%@%@lg?ﬁgﬁn&i@ g %gég pg%cﬁg%?igt@n@s ggmpl%r{gmglﬂ@ss 175 um)

cdrnplised $Pa88unS tHitk Ry Ehatd Sfil s
Exgrrpl ary EI’T%OdI rrent@g/ (50 an Hﬂ Spg&?ﬁ@mgmm thick  silicon

oxige é)ﬁsmralaw Jdwesiest sampkm (smsctnate)hwas alieaito cﬁﬂ)emni@ﬁ 50 mm
of a.s at e.104. The

fefe| s in 20 sheSHi AR BoeBuBHR0IoN Bid aithes it achine.

Aﬂdm siittirr e@BTPEHYrAfRd, RivVEeWas RiEpoLRE® Bhio the test sample using a

suitable mask to form two electrically conductive tracks onto the test sample -

surface. The conductive tracks were orientated such that the width of each track
faces each other. Two strips of conductive metal (silver) tracks with a thickness
of 300nm (18 mm length and 20 mm width) were deposited on the test sample,
thereby forming in between them a 10mm length x 20mm width x 300-um height
gap in which a calcium sensing element was subsequently formed as explained
below. Measurements as explained in Example 3 were taken, assuming a
normalised sensing element area of 1 m?,

[00104] After the conductive track was fabricated, the test sample were
rinsed with isopropyi alcohol (IPA) and blow-dried with nitrogen. The blow-dried
substrates were then placed in a vacuum oven for degassing any absorbed
moisture or oxygen. The pressure in the oven was set to 10 mbar and vacuum
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100. The thickness of the sensing elenment 100 is
approximately level with the thickness of the
web@snpddes 106. An encapsul ation 112 is for mTEBCTS€2004/000075
the sensing elenment 100. 25 Exenplary Enbodi nent 6
[00101] Figure 6 shows a sensor 600 which incorporates
an encapsul ation and conprgses a cover substrate 114
adj acent to the encapsulation. In this enbodinent, a
dew@rngowa@nca@adl aut dor mzera{r, hapips iatdamrelevated temperature of
| ectr e subst ar oun sens
DGERBNE0 70800 Fhe BGHolS Beloll fag AR @ﬂsﬁenpﬁemeﬁawe of the
l:atdan S
PR e HFERTH A shati 25 T PGl TR Régum oven
usatchgreuvas additiendlly equipped vt fose dineﬁgarisetofprbt/enlt et backflow

ofJsirshed AN e S v noun Pe BB on
onis
sui trabhesf anﬁé’cﬁhte'w B3P (RETARRSPY PIRRSS! RS paftidlyHRrmed

packages whi ch have structures shown in Fi gures
senser #Bd ©séeemply Wersotiansfetred o @ AH16AC B IETSCluster Tool

winR e Attt et P RERE ul, Radle tegrensy AP

argoMeplasmasivast gsekldo Hombdrtli theesingsiaentine oarfigefilaf with low
encapsul ation 112 (epoxy sealant) is apprl ied on the

enaigy |(§]§e‘@| QreAr torenaee '@Wé‘a%i:@m@m"‘r\@t% heease pessure in the
CHAPRSE J/HE 'rﬂé’infa{?ﬁﬁ%&%f&v& Qid S10® %lar 'ﬁ%e W‘ﬁgmf"ﬁqte Was at 70

sensi ng el emen and t etop O nS|ng

sctidaidd RFupdvaeewas sebae2@0VWM th a protective [ ayer 118.
strate is | aced on the

Tne HoiBa: Aher hag %ﬁpaé@gfmﬁap PisessnailiRg! vengqmPrising an
acl?lg: nE&k/h\%Wwaﬁoﬁg s\}mt%t@hé‘é“él PR @P%ﬁb&{x‘ﬁ@@ A& BY spin coating.

f t
Thea biniec da;llén poésentgaelthgtpe;uglgelelgay b@m&orpmseftmma]t Ensures
t.hi I ' t '
urifSr v B Bef o EREPh tomok it paRL R seluPadibBait The
t estjoafo Aftdrhihekaepssidd® dﬂthecmrdrgaﬁfcaw@é*rméﬁt%e test

pol ycarbonate filmcoated with 30nmthick silicon
sammplae werer transiessast 1o haacuwdn g‘aﬁlﬁﬂl”e\ti@s uihembere \Sugequently,

ag'#] g'tnn%?% %3?8? oper gﬁ@& IQl:g()LI' %g\ll;? ﬁi%g R gﬁﬁ?%‘é%lﬁ%\ n%etween the two

elovieddeareto 26miNfd @508k thickdayers Afrf erieiach depby@on)vas100 nm
deposited ontg the test sanpl e usi sui t abl e mask

'”?‘83?@9 fin Gemerisiegrliit avas deraiige i n\gpr%‘kih%ﬁ@@%e

testinde8 Bubsequently, the partially formed sensor was transferred to a
glove box where it was encapsulated. UV curable epoxy was applied onio the
rim of the test sample. A glass slide of matching dimension was placed onto the
epoxy to seal off the calcium sensing element. A 400W metal halide light source
(2000-EC series UV light source, DYMAX Corporation) was used to cure the
epoxy for about two minutes. The wavelengths of the light source was between
300nm and 365nm, with the respective intensities of 22 mWjcm? and 85
mW/cm?. The entire encapsulation process was undertaken under inert nitrogen

gas atmaosphere in order {o ensure optimum encapsulation.

Example 3: Water vapour permeation test using 1/f noise measurement
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surface. The conductive tracks were orientated such

that the width of each track faces each other. Two
waeospss9ef conductive netal (silver) tracks w POT/8G2004/000075

t hi ckness of 300nm (18 mm | ength and 20 nm wi dt h)

were deposited on the test sanple, 25 thereby form ng

in between thema 10nm | enggh x 20mm wi dth x 300- pm

hei ght apr in which a cal cium sensing el emrent was

subd409, Thef enaapsulated rpnsgriabricaiedgw, Exasarler2 (einfigure 9)

i FAFFER e e AR e B, Y SarcB SR, Ot igpp goice
wad Grapefediest inte & raakiditpscHanbiverc fwved, Md?(@ltwéélsﬁamkmany) A
were 30 rinsed with isopropyl alcohol (IPA)

HISFRA PiahSIgnah anPbiseh wamEonTesisd ip dhe albsieden ta monitor
thgﬁ éﬁ?‘%g‘g bt %é‘%%ﬂsbln At t}ﬁé%lé‘r‘t’f@ 9#%2 d Réltﬂll%?e | r(}ﬁ?}}é‘&%r\ggnmeter

I sture or oxy pressu
wasgomedctéd ni@araﬂeﬁlto ahimlemm)des\(ﬂ I(D@EE@S’@Zprowde a constant

PCT/ SG2004/ 000075 32 d&gassm vva car%G?I ut
CUST@E (SAUTGRb P sthgt SESas| & t@d”ﬂp ?1@@9@/9@‘ calcium
re?gtancéoo&ermpﬁ%‘ "F/fb‘?{o%‘@ t Qﬁlcﬂjrﬁsscdrfo‘%ﬁdﬁdeonand resistance
erature o he mer present in the barrier
méésmbrrmtsdwere done amtqvhpaeraﬁme of #0ION09E melatise thuhedity and

was additionally equipped with fore line traps to
atimospiaeHiC PIRSSHERkf | ow 5 of hydrocarbon oil fromthe

ac CAUHA
\ellf t 3661 ﬁgnge gﬁﬁ‘g\(’gr oce Y%t?hcee{ kggﬂf?éf F%gl ﬁggln& time is
sheamsior Figarke neAt Asacqh dbeveran froanttfeeﬁgwre taolag fmheAt about 2-3
ey 4 B e b P R eb BRLRE i fBjspuon. T
Ia@rtﬂ%‘ r@d)r%§8ﬁts“@1% &@@%h QeQQW@S@‘f@’r e wasr B tot idverse the

arrier filmwth [ow 10 energy ions in order to
testssample hafdreoeachingdhe sensiog elamenbase pressure in the

71 onpp L 1" "o OF Gadrot thdngo B8 GOIRL oodtSeaBhgdguoainst
tinY¥ ab @RdRelinAigeie 108 m@s@wobfzﬁ@ém cfi beasen feorhithefigure,
| ayer conprising an acrylic p mer was deposited as

tha tie riakery dor ealCiusd wondutiapse 69 sifroraoihei ingial cppdygiance is
atJrg) E%VB Y5 fr%rnﬁﬁé‘tﬁarrt S %é"tgjsty éc?ﬂ&dc?arg%sfieére%b% to zero in
ayer - by- rayer

erties, but ‘ensures

aboxt dBthdmrst hTew@’ig tthat ebbul 4R $wuss wae | rereeied. fgrOBED ¢hicium
After the deposition o[ the thin organic buffer |ayer,

sqrﬁ@&@@fnen%w £8MRBStElY: GORsY ed to a vacuum
ev a ?‘i %]0 R Aﬂkﬂgﬁ ﬁﬁeas%%’fﬁ erﬂéﬂ% by tﬁé'o‘?g?{fﬁpsml analyser was

dep a swta into the space
plbtdaded\asa fuhetiannof sensor resistance. The graph is shown in Figure 10C.

[00113] Based on the data, the quantitative evaluation of water vapour
transmission properties could be carried out as shown in the further examples

below.

Example 4 : Calculation of water vapour transmission rate — Sensitivity of

Noise Measurements

[00114] This example describes a procedure for deriving water vapour

transmission rate through a conventional barrier stack such as the one used in
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-20 electrodes to forma 150nmthick [ayer. After
cal ci um deposition, a 100 nm insulating film
wa@oempnd®eag Li F was deposited by PVD onto the pet/sGroow/000075
[ 00108] Subsequently, the partially formed sensor was
transferred to a glove box where it was encapsul at ed.
WV curabl e epoxy was applieg4onto the rimof the test
A gl ass slide of nmatching. dinension was pla

ed
th@nggowéw@sowl% i CRRtRH M'Wwé”@ﬁﬂcﬂl@?ﬁ@eﬁ@aﬂ@g based on
t 2000- EC

SERVRY of BjsMPadT elerte eRtoirgB et difiont 200 85 1o

cur 00 e5] efrex yiatep mediedt for vearryingutoes . théhlereeenelcalwld‘l@ns is

of the |ight source s between 300nm and _365nm w_.th
takea 1105R a8 (PSISIANRE NG DPISE TBPASHCHIRSHORHEXGIPIe 1. The time
taR¥) T BxidiHae1 S0Hrh 'of cBRARA SHEAB AR 4p%ﬂ66%3a§‘@ﬁow in the %raph of

undertaken under 1Tnert nitrogen 30 gas atnosphere
FiguetOB.o ensure optimum encapsul at i on Exanpl e 3:

meadaPLR8h e s bR uMp e didbos) dhoigtal sional analyzer

Ty g
(T e SR 1 80 014 L B . v

cansignticsimegt.t he barrier stack with silicon dioxide was

Gor Ry 7T s dad s ablcided PR s Il By R out i

Exdmipiect efletderhagor | ot cidied eapd @ tratniesion rafe whisfcdiféd®ut as
of the sensor. At the sanme tinme, a Keithley 24203A

fol@¥sce meter was connected in parallel to the
el ectrode [ 9 Y . 0
current  squride ] et F I NP IP P 8Eh i respect to
ofI change ohhngelotlregistaneel(ﬁy RecE@NRy tinme. 1/f noise,
cal ci um conduct a resi stan reasurements were
done at aﬁg\%@ tgtﬁ 13@@'369@0§r(5|9&($09%g5m dity
and 10 atrmsgheihTyR ,mSPl%L(éﬁme[\%%lQi Rmﬁsgﬁaﬁgwg&n -

change in calciumresistance against time is
Fi gure 10A. As can be seen fromthe figure, a lag tine

of about 2-3 hqur s, observed, .durin ich the
cal ciums g ﬂ?ﬁ'@@g“‘a@a“ﬁ ¥ee ?ﬁ1\§j ey 15 aLhange of

r epr esent %_ggﬁgq)wrlganflsgﬂzrre% T/qukg_r the water vapour

to traverse t est sanple before reaching the
sensing el ement. [00111] The graph of rate of change

of calciu nduct gnce agagi nst
Fi gure. 108 (VA oot oo LIS Lentlte i fnpise, the
figure, tchgnbém?séﬁ&ﬁr}-e&gfa,ﬁ@l ci um conduct ance to

fall fromthe |n|t|aI conductance |s
=1x10"+3.38x 107 =2 x 10 ohms.

3) For the change of 2 x 10® ohms, the change in calcium
thickness = 0.8 x 10° nm.

4) Corresponding change in amount of Calcium (mol)

Volume x Density
Ar(CCl)

0.8x10™m? x 1.55g/10° m?
40.08 g / mol
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about 2.8 hours fromthe start of the test.

Conduct ance decreases to zero in 20 about 7 hours,
wore@diopgy24 hat about 4.2 hours was needed for tPE€T/SG2004/000075

cal cium sensing element to be conpletely consuned.

[00112] 1/f noise neasurenents nade by the digital

signal analyser was plotteggas a function of sensor

resi stance. The g)raph is shown in Figure 10C. [00113]

Based on thé X3, mphe quantitative eval uation of

wat er vapour 25 transm ssion properties could be

carried out as shown in the further exanples bel ow

Exanpl e 4 5) Tabouhit irolcolicsadrer reqaed iot feaits Wihsoee calcium

rate - Sensitivity of Noise Measurements 30 [00114]

Thi s exanpitemdéigricepie RUpbeceldnplestfrwaler malegplomreguired to

vapour tr 1SS -at conventi onal

barrier strggémgﬁj@?%g%ét h@ogﬁgéﬁlg@ﬁi n WD 2005/ 095924

PCT/ S&004¢ 060®%50'84ndlhe above Exanple which is

coated with _siligon dioxide coating based on

sensi tivi t§8f1hoi™@l measurements according to the

i nvention. [00115] The data needed for carrying out

the present calculations is taken fromthe resistance

and noi se Gyeldeumelenular Weight @ihehl-0 i4.18Fhmeokt i ne 5

taken to i di se 150n0m, of | ¢i.yen was ut 4.2 hours
as shown i e’?%?@‘? ﬁ’ﬁfgrpgpleg—‘r)a)éjbe Tﬁd?@@lm] The 1/f
noi se analygk$o¥ens| X Hehiolof the digital signal

anal yzer (HP35670A) waS specified to be |less than

10" 14 V2rnsi bdzmi?gﬁmz Hz & 1 mMA constant current. 10
[00117] in he data obf.ai ned from the nmeasurenents
carried ﬁhﬁgﬁ%r@x |SENg 'V%@qd@rei Qﬂt?Eﬁ' ?V%}agfser for the
vapour tr ettt SwaiRk fapEF FethidaliBn st x@$08 Gah? ovs:

1) Rate of change of 1/f nol s%é(l\l) in the sensor with
respect to change of resistance (R) i.e. (dNdR) 15 =

Sl f h, of 1/ f | se. | oC) = 3.38
o 088 Lo Rl abol e Spktal UWARY)
Hence, for- §keigh mtgmh?gghiéa'ggthgf 1 Q thereis a

change of 3.38 10-7_V2r s/ in the 1/f noi se.
~5.71 x 10° g/m®/day

[00118] From the above, it can be seen that the sensitivity of noise
measurement method is able to measure a water vapour transmission rate of
less than 10° g/mPday and is therefore sufficiently sensitive for the

measurement of low gas transmission rates.

Example 5 : Calculation of water vapour transmission rate - Direct

Measurement of Calcium Resistance

[00119] The present example describes a method of deriving water
vapour transmission rate based on direct measurements of calcium electrical
resistance.

[00120] The data needed for carrying out the present calculations is

taken from the resistance and noise measurements from Example 2. The time
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20 2) Conversely, for a change of 1 x 10-14 V2rns/ Hz
in 1/f noise, the change in sensor resistance = 1 x
WA 000549¥288x10- 7=2x 10-8 ohnms. 25 3) For the cherge200f/000075
2 x 10"8 ohns, the change in calcium thickness = 0.8
x 10-5 nm 4) Correspondi ng change in anmount of
Cal cium (nol) Volume x Denggty A (Ca) 30 =
0. 8x10-14n8 x 1.55g/10-6 nB 40.08 g / nol WD
ekeosiooRddisa 180 calgiuppvEERb@E 4.2 PrUs a9 sbbws)inthe graphs

ter l.e re required to react with one cal cium
oﬁ?@?ﬁre{zbéé%dtﬁ)gnunber of noles of water nol ecul es
r equigceR1Y 0Thé defdstion\bit Wafkr yapBud Pan@hisefonGailte W carried out
=2x3x10-10nol =6x10-10nol 6) The nol ecul ar wei ght of
agfiellowsd i s 18g/nol. 10 Hence, the weight of 2.2 x
10"10 nol of H20 = 6x10-10 nol x 18g/nol 1 x 10-8
g/ m2 Therefore, the sensitivity of the digital signal

anal yser fir Antant dft@siciuon (afol\edated app@n cosdui@ant® falls to
iIs 1 x 10-8 g/n2. 15 7) Water vapour transm ssion rate

(WTR) = AMhodLe caigiemsqnsenisseerapletelyireadied) 5. 71 x
10-8 g/ n2 /d%lugngig%grg] From t he above, it can be

seen that £h y of noise neasurenent nethod
is able to neasutéC® wat er vapour transm ssion rate of
|l ess than 10-6 g/ nP/day and is tsherefore sufficiently
sensitive fol5GkxH) m” x 1.55g/10" m

Ar(Calcium) g | mol
= 5.8 x 10° mol

2) Two water molecules are required to react with one calcium
atom. Hence, the number of moles of water molecules required to
react with 5.8 x 10 mol of calcium

=2x5.8x10° mol

=11.6 x 10° mol

6) The molecular weight of the H.O is 18g/mol.
Hence, the weight of 11.6 x 10" mol of H,O
=11.6 x 10°® mol x 18g/mol

= 0.208 g/m®

~ 0.2 g/m?

Therefore, the achievable sensitivity based on the direct

measurement of calcium resistance is 0.2 g/m>.

7) Water vapour transmission rate (WVTR)
= 0.2 g/m®x (24hrs/day + 4.2 hrs)

~1.1 g/m®.day
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measurenent of |ow gas transm ssion rates. 25 Exanple

5 : Calculation of water vapour transm ssion rate -
wodrosobso2deasur ement of Cal ci um Resi st ance [ 00RdBPGIt0£000075

present exanpl e describes a nmethod of deriving water

vapour transm ssion rate based on direct neasurenents

of calciumelectrical resigzance. 30 [00120] The data

needed for carrying out the present calculations is

t ake00122h t he Acssrdingliiceaditedigpsistansesnethesrean alsgrie used

I R Brdent ozl do fRe: 833 i BTG Mg (8r in wnis
spevifie epesiftmtali setlpetray dpbst rexistames hesaslréeanthethod is not
OB. [00121] The derivation of water vapour

suitaplefpedeieAmininga.gas transmissiopdate efdessihapitd® g/myday.
Amount of Calcium (nol) reacted when conductance falls
to O Mo, (i.e. calciumsensor is conpletely reacted)

Evaimpie & : (Ealsuldtion’of Gater Yafour tHsmission rateg/ Sensitivity of
nB (Calcium g / mol 10 =5.8x10-3npl 2) Two water
RAISANCEMBASULEIRMSc t o0 react with one cal cium

at ompakinge, the :
PLonoBTERC: | MRS Bl gl WhERGRRRA R o water
vapabr Baismizsion rate hassd 6n Beokitiviy off resistahee tleasur@nghiis using

of t Is,18g/ nmol.  Hence he tght of.11.6 x .
aq eyl 28203 SHCR. metd)” T deteie) W gghispd fr catcutation
pRrpsvER: Bpidirdd¥om the measurements carried out in Example 1. The
sensitivity of the source meter was specified to be about 1mQ.

[00124] The derivation of water vapour transmission rate was

carried out as follows:

1) The change in calcium sensor thickness (At) with respect to
1mQ change in resistance (AR)

= AR = ImQ =27x107% = At = A = 0.4nm

R 37Q t 150nm
2) Change in amount of Calcium (mol) for the change in 1mQ.

Volume x Density
Ar(Cd)

0.4x10”m® x 1.55g/10° m>
40.08 g / mol

1.55 x 10 mol

1l

3) Two water molecules are required to react With one calcium
atom. Hence, the number of moles of water molecules required to
react with 1.55 x 10 mol of calcium

=2x1.55 x 10°° mol

=3.1x10° mol
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Therefore, the achievable sensitivity based on the

direct 25 neasurenent of calciumresistance is 0.2
W@L0R09024 VWAL er vapour transnission rate (VWTRPCT/SGE02000075

g/m2 x (24hrs/day _ 4.2 hrs) 1.1 g/nR.day 30 WO

2005/ 095924 PCT/ SG2004/ 000075 37 [00122] Accordingly,

the direct resistance net ho@ggan al so be used wth

the present sensor to cal culate gas transm ssion rate.

However, i M) tThegnolesular weighdahéhe Hebtiall8génab, the

direct resj RIRRC t b [ t suitable
for determ ni ng’ @éﬁgwg gﬁ'ﬁnxsgﬁoﬂ?@ﬁfzbg}o | ess than
10-6 g/ n2/ ka1 »51 X aadixel 8g/molCal cul ati on of wat er

vapour transmission rate - Sensitivity of Resistance
Measur ement® KA0T2BM The present exanpl e shows a

thod of L\ er. t ni ssi t
based on sdneratbl hRss Rty 4AR68 bt SlbAl ehaysap Tor the
10 a Kei t hhetectidd @3 AvaowappurpkbRhealldieisdnka othgin? s

required for cal cul ati on purposes were obtainée rom
the nmeasurenents carried out in Exanple 1. The

sensitivit I Lfied to be
about 1 o9 YesbhaneutiEmsiiedtn 1R GROTRL o apour
transni ssi ers x 408 g/ x (e4inrsidzy -0ut2 ) f ol [ ows: 15 1)
The change in cal ¢] um sensor thi ckness (At) with

respect to=219 gD c@/andday n resi stance (AR) AR = 1nb2

= 2.7x10-3 = At = At = 0.4nni R .37Qt 150nm 2)

Change in anount of Calcium (nol) for the change in 1

nmb2. [0®@5}F Vol peeo i div: i '

1. 555/ 10_5% Vol e Pdﬁ@gos gl?/ B ¢ debrasistante méifod ¢ Aso be used
with the present sensor to calculate gas transmission rate. However, in this

specific experimental setup, the sensitivity of resistance measurements was not
able to determine a gas transmission rate of less than 10 g/m?/day.

Example 7 : Estimation of Diffusion Coefficient

[00126] Extrapolating the curve in the steady state region of Figure
10A to zero provides the lag time (L), which can be related to the elapsed time
before steady state according to formula (V):

The barrier-coated polymer substrates are either assumed to be a
homogeneous single substrate or the oxide layer is considered to be the barrier
layer since the base polymer substrate provides only 3% of resistance. The time
lag technique is used to determine diffusion coefficient. The necessary boundary
conditions are the following: an initially gas free film, attainment of equilibrium at
the gas-polymer interface, and zero concentration of gas at the calcium side.
Under these conditions, using the lag time L method, it is possible to calculate
the diffusion co-efficient for the required barrier film with the following equation,
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= 1.55 x 10-5 nol 3) Two water nol ecul es are required
to react with one calcium 25 atom Hence, the nunber
wobkoosob®s4 of water nol ecul es required to reacPCWRGENN4/000075
1.55 x 10-5 nol of cal cium =2x1.55x10-5nm0l =3.1
x10" 5nmol WO 2005/ 095924 PCT/ SG2004/ 000075 38 4) The
mol ecul ar wei ght of the H20ggs 18g/nol. Hence, the
wei ght of 3.1 x 10"5 nol of H20 = 3.1 x 10-5 nol X
wtfege rbols the lag 1iney /gs rite 3hiTkieesst of the hardes éaysiry Dvistthe diffusion
c/ signal analyser for the detection of
ﬁ pernmeation is 5 x 10 g/n2. 5) Water
vapomo-;mnsm ThbQAta %@dé%&arrwné oxit Itk §re§¥eﬁ? célculations is
(24hrs/ day 4.2 hrs) 10 ~ 2. 10-2 g/ n2
tqlem frem iheckssisitage and Hwisk ﬂ@asur@"QBQHSafﬁ@@ lﬁmm@@ 2amhe time

tqalfl, goﬁfg@“ggdwpm %Mﬁ\fa%n qsLﬁrhSQ rhg c?g s@%bﬁt in H83 graphs

oEFRfIreé$e0ARINASEIBIP, the senS| tivity of resistance
measur enent s was not able to determne a gas

tranfQRR8lon r dhereers, etBQ lpgalimeolly ig/he/hmys @Ghﬁwp@n oxide
éﬂ %B‘y@?rtdoﬂg fbamérf é‘t%!cRnto%fetB[dkﬁ tl H%lﬁﬁg;ron » hence, the

curve 1nt ate reg

dﬁftgwmcoéfﬁoﬁenb(ll)emmuer ovi des the Iag t| me (L), vvh| ch
can be related to the elapsed tine 20 before steady
state according to f gula;(\/) 2 L =6 D The
barri er-coat edpal tes are either assuned
to be a honpgeneobs4xfgledkubstrate or the oxide

| ayer is consi derego ] hhe barrier |ayer since the
base pol yner subst#-ai%gﬁév-a—de rl y 1093%#; *r esi st ance.
The time 25 lag techfDdde 5s used to determine

di ffusion coefficient. The necessary boundary

[00129] Hence, the diffusion coefficient D for the given silicon oxide

coated substrate is 3.4x107'® m?/s.

Example 8 : Estimation of Permeability Coefficient (P)

[00130] The rate of gas or vapour transfer through the membrane in
the steady state is usually calculated according to formula (V1):

WWR = P(Flf—- p2>

where WVTR is water vapour transmission rate in given time [g/m®.day], P is
permeability coefficient [g.um/m?.day.bar], ps is a pressure on the high pressure
side of the barrier stack, p. is a pressure on the low pressure side of the barrier
stack, and | is path length (um) for diffusion (thickness of the barrier stack).
[00131] The data needed for carrying out the present calculations
was taken from the resistance and noise measurements from Example 2. The
time taken to oxidise 150nm of calcium was about 4.2 hours as shown in the

graphs of Figures 10A and 10B.
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conditions are the followng: an initially gas free
film attainnent of equilibriumat the gas-polyner
WO naosndpme€, and zero concentration of gas at tP€T/SG2004/000075
cal ciumside. Under these conditions, using the |ag
time L nethod, it is possible to calculate the
di ffusion co-efficient for t4pe required barrier film
with the foll ow ng equati on, WO 2005/ 095924
PCT/ §80132) 00007 Wsdekwapelr transmissipagrate reglcylaies from the

coe ?'(?f léw?@ﬁd%w ?F%ﬁ?@%%@%&?f tﬁﬁ ebégé%%t%g“é‘%@ micron,

pg ¥ 5§ innigarovapoheresseedntthe duentiay thambes at 9@%&@Iétrv@mumldnty)
the resistance and nqi se peasurenents from Exanp 2.

Prite Ot IYAPOUS Pregaiie d7pid caicem ﬂ@ﬁﬁﬁ@lﬁt%ﬁﬁl @ﬁfr\!r%tsstack is close

Fi gures 10A

18 28 fios Al dHS e ERRY o [ oot HBPReRY, ) P07 2°,
hour JoandBlsi | i dpphing diee vahﬂsedxt@@hata@bberpmrmda@ﬂity ebefficient
st agk total thickness is 175 mcron, hence, the

UAHES on coefficient (D) will be: 10 D (175 m2
GXWOSPZ’SQGZE E @y 2 = 3. égl](t) 13:12 /'s 2072&;}
RS 65 BHK th ¢ €y 01C % RH
gi veh -SPJ i con i5§éar cHat ed substrgtlﬁe is 3. %)@LO 13
nR/s. - Estimation of Perneab

Coef 1{?%1 (P qn661 419 PeHBeakility Qﬁef@‘agmo(a/)vf@pém given silicon
t t b o
A oy g”b%#a*% g Rt R ng ™Y b phEng YT 4B E & 0%
RNEEShdItlgné’( F1' Pa) 1 where WTR is water vapour
transm ssion rate in given time [g/M day], Pis 25
pernmeability coefficient [g.1 m n2.day.bar], plis a
EXantie’ 9; Ttu)Col tHE OHESSVE S IR CIfer  OIF @rggreﬁggradation
stack, p2 TIs press
pakkerbarrier stack, and | is path length (n) for

k f th
di fff&b%](t hi e Sbrgser& é:}xa%lrr)lreI ?rstsvtvere carried out on polymer

substrates to study the effect which a liner layer has on the degradation pattern
of the sensing element.

[00136] A sensor comprising a calcium sensing element was
fabricated on a PET substrate which had a metal oxide barrier coating according
to the procedure described in Example 1. A 100nm thick acrylic polymer liner
was applied onto the surface of the metal oxide coating. The sensor was
encapsulated in a similar way to an OLED package, as shown in Figure 6. A
control was fabricated without incorporating an liner layer. The test on both test
specimens was carried out in a humidity chamber at 50°C temperature and 90%
relative humidity.

[00137] The images as shown in Figure 11A and 11B were taken at
intervals of several hours into the test. Calcium degradation was monitored
through an optical microscope and digital images were taken from five locations
on the surface of the sensing element. Figure 11A shows the uniform
degradation of the sensing element as the test progressed. In comparison,
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[00131] The data needed for carrying out the present
cal cul ations was taken fromthe resistance and noi se
worr@so®rent s from Exanpl e 2. The 30 tinme takepor/862004/000075
oxi di se 150nm of cal ci um was about 4.2 hours as shown
in the graphs of Figures 1 OA and 1 0B. WO
2005/ 095924 PCT/ SG2004/ 00004y 40 [00132] The water
vapour transm ssion rate calculated fromthe exanple
Figure 118 showe/ ihay therisensivg elemient lih #3s controhwabategraded non-
Uﬁﬁ&qﬁ' is 175 mcron, pi = 55 nbar (vapor pressure in
& Y dity chanber at 90%relative humdity), P2 =
O [ v{eongs]pr esFuo® these ¢esWr), ¢ ¢HR B8 &eRAUhat 8didiR%h, layer-by-
barrier stack is close 5 to zero since all the water
laygh sledrpdatior ehite wenpingaglemant .in [toe seEBORMAS fagiitated by the
IiHé‘rl I‘é?ér into the above perneability coefficient
equatiron: P = WTR x | 192.5 g.m/ m2.day 3.5 x 103
g.,um/ m2 day @40'C & 90 %RH pl- p2 0.055 bar - 0
00134], Hence, the perneability coefficient (P) for
 Study of thepefiectiof @ Rondnorganicaterminating layer on
séASol dBhF AatfH paitePd AT tedt hiatdPial fs giids RH
condartrons. examnpre 9. sStudy ot tne eirect of a liner
| ay e[00¥89§ elms thre ppzpent @xaople, patestrusid$ d 664SH] ofl ihet iIGention

WS TE) GUT B S P RHSTaRe.olte TRAPeLis torgicy dj unifaamiy of

d@grd”dég()ﬁ%{@géﬁ&ﬁ_ pattern of the sensing el enent.
[00136] A sensor conprising a calcium sensing el enent

was [QQI40] cAtsemson wasHENTicaibd tonie @ glass Bubstctate avebeding to the

' ' ' di 20 to th
R B ed AR aMe K R RRy erovas Applied a1 T surface
of teeglase SubBRhice d Hendéngoh ‘Wa%%ﬂésﬁ?@ed)fo hBge ZBSililaP Yyt as an
coati ng. The sensor was encapsulated in a simlar ‘way

Ol&EDRackads pinedtErR shawn dmbigured. ingusenser was eaeapssllated with

¢ . . . : . | .

oS HACASE A 4 M LIRS ABERHOTR g B gt in

hbwidityi thapbanzersGiC dapbreinirer ahdrganeIf&RVY hdmidity. As water
relative humdity. [00137] The imges as shown in

VEpQ}Ir enatrated ntinraugip the radhesien material, the sensing element was
gradually degraded. The sensor was monitored through an optical microscope.

Digital images were taken from 5 defined locations for each measurement at
intervals of several hours (cf. Figure 12A). The images show that the
degradation of the sensing element is uniform in an OLED package. -

[00141] The optical properties of the calcium sensor were monitored
using a UV-3101PC UV-VIS-NIR scanning spectrophotometer from SHIMADZU.
Figure 12B shows the graph of reflectivity of the calcium sensor as measured at
intervals of several hours on 5 different locations on the sensing element. It can
be seen from the graph that the measured reflectance at each location of sensor
remains same and does not show any substantial variation. Therefore, calcium
oxidation appears to be uniform across the sensor and the drop in reflectance
confirms that the dynamics of calcium oxidation occurs in a layer-by-layer

progression.
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intervals of several hours into the test. Cal cium
degradation was nonitored through an optical
wo@sosvepe and digital images were taken fronPdT/862004/000075
| ocations on the surface of the sensing el enent.
Fi gure 11A shows the uniform 30 degradation of the
sensing elenment as the test ggogressed. In conparison,
WO 2005/ 095924 PCT/ S&004/ 000075 41 Figure 11 B shows
t hat [PA#42ediscarybe iseaahal thetoalciwvraensingmelemesyfaliisated using

%gequéﬁaE)gg% %&%\ﬁﬁ?’] y'Je:r 9@£Q$S@E{O?ﬁ‘&gr3§@atli o%a@yglgby-layer

psrbgrefssnﬁi Pcot@Rgt th@ deeeaszenmosicotical @@hbuétﬂm?dofohhe sensor
5 liner layer. anpl e 10: Study of the effect of

Qﬁrhbﬁ GareRiaigdi t© ther ﬁpﬁaswrgilmwéﬂcreﬁﬁe Heffyeghkness of the sensing
%glg] ggatl on pattern when test material is glass

P In the present exanple, a test using a sensor
of the invention 10 was carried out on a glass

substrate The urpose is to stud the unlformt%
z : surement 0f combingd A0XY ! ater vapour

: ﬂrmér?ieg tﬂté‘ﬁ&h%%%i h@na[:cor di ng to the

proce ur e aescribed 1n I. No liner |ayer was
appl i[ed148} d hehgresant mventlm ctahdoegbm&dsmﬂstotactréy imaehumidity

SR AT SR8 B0 A e A e o e
Mess FeRRPT o BERfediidof 8RARRM, %t@ﬂ@ddtﬁ' oﬁlﬁﬁy tiBrags, through

cover substrate. The test was carri ed out
anymast sybsialeber packegECcar secaiviedcoutnd @@mgleltest glmamber. In

dit As _wat er our etrated. through .t
i) b (it ot BRT o, AL BHEHL SHRBHA hibaratyres and
plegs@ded. The sensor was nonitored through an optical
m crosco 20 Digital |rm es vvere_taken fromb5 )
def i r{@81$4]c§tlgtﬂﬁs1 @@plé’@c&t asb gell névpiheoprisesa gopyertional gas

e‘?{e e%{'ﬁfravggt? Wit a% Bhirs g;%ﬁg?mé%’%nd Eﬁﬁ b m?ﬁ?%lhénﬂ)‘@r comprises

egradation e sensi

altast apatinternolafipginy Becmmcatéwéﬂtﬂe mit&ilemioirtdmt of the chamber.
properties of the cal cium sen or were r%ltored usi

lﬁ QﬂerBtPCf@rﬁCOl@j\ﬁ m@er%ngeta'ﬁrt g desirhembainBisoiest g}a’[erlg is first
cht w%tr'egun?t%ie he Hﬁrﬁeﬂ%&@hﬁ‘ﬂ@ sbh@org@%rﬁﬁted without an

ref eCtI cal ci um sensor as neasured
encapsulation cﬁnte dhertebt maieralcacd®rdingfter annettmdadesmrtbednabove

e sensing element.. It can, b en fromthe g h
Wi e i rcition o bR ot Y88 canandien AR ERRbed at the
S&NPIIg section, the chamber is divided into 2 portions, A and B. A gas mixture

having a composition that simulates the required test conditions is prepared and
channelled into chamber A. The gas mixiure enters the chamber via the inlet
and is evacuated via the outlet. If necessary, Chamber B is provided with an
inert environment by circulating dry nitrogen gas into the chamber. This may
also serve to flush out any reactive gas that permeates into Chamber B. A
suitable RH probe monitors the relative humidity.

[00145] A suitable electrical feed-through can be used to connect the
conductive track to measure resistance and 1/f noise spectrum. The water or
oxygen molecule that permeated through low gas permeability test substrate

reacts with the calcium sensor. Constant source meter and digital signal



remai ns sanme and does not show any substantia

variation. Therefore, calcium oxidation appears to be
wanisoosveacr oss the sensor and the drop in refpPersano#000075

30 confirms that the dynami cs of cal ci um oxi dation

occurs in a |layer-by-layer progression. W

2005/ 095924 PCT/ S&2004/ 0000748 42 [00142] It can be

seen that the cal cium sensing el enent fabricated using

aé\alsaeElaﬁaaeagwesmrasw@nqesa@&ndf Reige wpiettum espedtively. The

P18 bENEl RSP e IEY ki Bt ot
Wmecwpmjratr@kyﬁen&rlaﬁsp@n figs bpthéaesemae i n
t hi ckness of the sensing Ienent Exanpl e 11:

Measur enent of conbi ned oxygen and water vapour
perneation properties through a test material [00143]
The present invention can be carried out not only in a
hum dity 10 chanber but also in a custom nade test
cell. The present invention allows the neasurenent of
per neati on of oxygen, water vapour, or any other gas,
through any test substrate or package can be carried
out in a single test chanber. In addition, the

measur enent can be carried out at el evated
tenperatures and pressures. 15 [00144] Figure 13
depicts a test cell which conprises a conventional gas
chanber provided with 2 pairs of gas inlets and
outlets. The chanber conprises a test specinen

cl anpi ng section |located at the mddle portion of the
chanber. In order to carry out a neasurenent in the
test chanber, the test material is first cut
according to required the dinensions. The sensor is
fabricated without an 20 encapsul ation onto the test
mat eri al according to a nethod descri bed above. Wen
the test specinmen is inserted into the chanber and

cl anped at the clanping section, the chanber is
divided into 2 portions, A and B. A gas m xture
having a conposition that simulates the required test
conditions is prepared and channelled into chanber A
The gas m xture enters the chanber via the inlet 25
and is evacuated via the outlet. If necessary, Chanber
Bis provided with an inert environment by
circulating dry nitrogen gas into the chanber. This
may also serve to flush out any reactive gas that
perneates into Chanber B. A
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sui table RH probe nonitors the relative humdity.
[00145] A suitable electrical feed-through can be used

wo eoosopivest the 30 conductive track to neasurBCT/SG2004/000075

resi stance and 1/f noise spectrum The water or
oxygen nol ecul e that perneated through | ow gas
perneability test substrategqreacts with the cal ci um
sensor. Constant source nmeter and digital signal WO

I G2004/ 000075 43 anal yzer can neasure
the resistance and 1/f noise spectrumrespectively.
The rate of change of resistance and noise
Cchiar Acseisios foresegautingegatspaimicatilfy ©f habst matdrial, an:
or oxygen transport properties of the test film
2005/ 09592@" pErtrisely candudivessensing earent dhad cumprisassa water
1. i il J ,
e SRR By AN S ST ko Satfiibir
senswith vedtenendxygeatwicemiie sassing vieheent iScanideted with water
oxygen sensitive n&terial, wherein the reaction

L Of
sai d2REOEPKYIEN (GSLHS WaR &hapge xfepleqkicnl eonducdiviy athe

el enesihS efPdRCLSY W th water and/or oxygen results
in a chan%e in the electrical conductivity of the

sensi ng el wreelectrates elsotrishdy conneded te the seradihy element.
connected to the sensing elenent. 10 2. The sensor of
Claim1, wherein the el ectrodes provide el ectrical

CONNERE BndWH RETIAIRE £ EWHAGINE HREEBlecBBEed@ provide electrical
el ectrical signal evaluation neans. 15 3. The sensor

of Ctemnactioor %21wmrtéien sensingatelemant!/ and oay gelectrical  signal
sensj t%lve. material is selected fromthe group

consfY¥ Pﬂ‘z_&,%?“e MBonducti ve or ganic polyner, netal,

nmetal alloy, netal oxide, and m xtures and

conbi nations thereof. 20 4. The sensor of Claim 3, N
wier &N sensonsf Allainy 1cen i wheesin g nalienandir grugen sensitive

sens ' i ' of. i G .
ser oyl Ao A5, 36, BRI KE LEGRRve organc
pol ypolyhienemelal] yeyalrailog, avelal @ddet imd phiginess and combinations
pol y&cet | ene, poly-p-phenyl ene, and

pol yWieRs¥Toyri di ne,

4. The sensor of Claim 3, wherein the metal is calcium or magnesium.

5. The sensor of Claim 3, wherein the. conductive organic polymer is
selected from the group consisting of polyaniline, polypyrrole and
polythiophene, polyacetylene, poly-p-phenylene, and polyvinylpyridine,
thiophene-bipyridine copolymers, polypyridine, polybipyridine, and
organometallic polyphenylenes.

6. The sensor of Claim 3, wherein the metal oxide is selected from the
group consisting of VO,, CrO,, MoO;, LiMn,0O4, CdoSnO4, CdinyOy,
Zn>,Sn04 and ZnSn0Oj3, and Zn,in,Os.
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25 thi ophene-bi pyridi ne copol yners, pol ypyridine,
pol ybi pyri di ne, and organonetallic pol yphenyl enes. 6.

wdb@seessor of Claim 3, wherein the netal oxi deCT/SG2004/000075

selected fromthe group consisting of V02, Cr02,

M2, LiM2O4, Cd2Sn™4, Cdl n204, 30 Zn2SnO4 and

ZnSnC8, and Zn2l n205. WO 20Q%/ 095924 PCT/ SG2004/ 000075

45 7. The sensor of any one of Clainms 1 to 6, wherein

t e dheciensoeof eaoyenesd Claing: N doth, ivdwrein iherelecrodas comprise

ot Sh RSBl b LA Wt C40e R0 dePoonsising of a
t her gadtal Pnétal Hh8e BRATAKILPES Bhaiddnbindisiseherddie net al

Is selected fromthe group consisting of silver,
gol d, alum nium and copper. 9. The sensor of Caim?7,

cohs TR e PRI 71 PR flhiel IR S R 8t Htne aroup
and icofsidtihg Psmiencgsid; alemidiOm die cegperor of any one

of Clainms 1 to 9, further conprising a base substrate
that supports the sensing elenent. 15 11.° The sensor

13 TheR ECHR, AR, T T 15858 rom

wher gréup lengistivg®fiindiont ¢ni atide,oalanmisiemn ainc oxidapand indium
pol yner sel ected fromthe group consisting of

pol y&HIHde-e, 20 pol yet hyl ene, pol yt her sul f one,

epoxy resins, polyethyl ene terephthal ate,

pol ystyrenes, pol yurethanes and pol yacryl ates. 13. The
setadheote@a@i of Aby omerddi Gldime poloy Berfudhemtcempaking a base

comp L B Rlel S o Lgg oggbie =0 1rom the

pol ydi net hyl si | oxanes, bi scycl opent adi enyl iron,
pol ydi chl orophosphazene and derivatives thereof. 14.
Thtl.ddwes sensdr @faClaimo,10f uvbexsin cibep basengubsttaier cemprises a

| ayer _forned on the base substrate. 30 WO 2005/ 095924
pCT/ SEMBETOBEE" 46

12.The sensor of Claim 11, wherein the polymeric material comprises an
organic polymer selected from the group consisting of polycarbonate,
polyethylene, polythersulfone, epoxy resins, polyethylene terephthalate,

polystyrenes, polyurethanes and polyacrylates.

13.The sensor of Claim 11, wherein the polymeric material comprises an
inorganic polymer selected from the group consisting of silicones,
polydimethylsiloxanes, biscyclopentadienyl iron,

polydichlorophosphazene and derivatives thereof.

14.The sensor of Claim 10, further comprising a barrier layer formed on the

base substrate.
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15. The sensor of C aim 14, wherein the barrier |ayer
conprises a material selected fromthe group

wa@oemsiosoesg of netals, metal oxides, ceram c BXI/S€H04/000075

i norgani c polyners, organic polyners and m xtures and

conbi nations thereof. 5 16. The sensor of any one of
Cainms 1 to 15, wherein thegygl ectrodes are |ocated on

a surface of the substrate. 17. The sensor of Caim
1615.hherssinsot loé Glaise tido sderainethepbarsier daartgornprsasbya material

10 form trepch. 18. The .sensor, of aim, 17, . .
wner Sp ot o R qoten EREs ST 3 flaifen el it peramic
15 18yiddbe mRRgstic OfpoRiver@neorfarid apBRyniert 0 akél mixtures and
further conprising an " encapsul ation éncl osing the
senstombirladivnather20f. The sensor of O aim 19, wherein

t he encapsul ati on conprises a polyneric nmateri al
selected fromthe group consisting of epoxy polyners,

201 Thyssbridofieof gy iorener erdmeot ytor #8,hanerei? khe Tdléctrodes are
sensor of Claim 20, wherein the encapsul ati on provides

a holaceied epacuiriacenidhe BEbSEHSI ng el enent. 25 22. The
sensor of Claim 21, wherein the hollow space is filled
with an inert gas. 23. The sensor of C aim 19,

f urz.Mae sepsdr 6BCRIMAl 6; anreinitths ielettmdestzre spacetepart, thereby
encapsul ation is forned as side (lateral) walls

sur r BURING 8 te¥hsensing 30 el enent, and the cover
substrate is arranged to be in contact with the side
(lateral) walls. WO 2005/ 095924 PCT/ SG2004/ 000075 47

2418. The saseorof dflaith af invtEreinththeesensing elewent is located in the
substrate conprises a naterial selected fromthe

grou eRbhsi st i ng of glass, alum niumand copper. 5

25. The sensor of any one of Clainms 1 to 24, further
conprising a protective |ayer coveri n% at least a
potQ.ihe cfenshe cfeasyngnel eindiaims 1 to 18, further comprising an

encapsulation enclosing the sensing element.

20.The sensor of Claim 19, wherein the encapsulation comprises a
polymeric material selected from the group consisting of epoxy polymers,

polysulfide, silicone and polyurethane.

21. The sensor of Claim 20, wherein the encapsulation provides a hollow

space around the sensing element.

22.The sensor of Claim 21, wherein the hollow space is filled with an inert

gas.

23.The sensor of Claim 19, further comprising a cover substrate, wherein the
encapsulation is formed as side (lateral) walls surrounding the sensing
element, and the cover substrate is arranged to be in contact with the

side (lateral) walls.
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26. The sensor of Caim 25, wherein the protective
| ayer conprises a material 10 selected fromthe group

wa@oemsiosoesg of a nmetal, a netal alloy, a metal PCDSGZI®4/000075

a netal oxide mxture, a netal fluoride and an organic
pol yner. 27. The sensor of C aim 26, wherein the netal
fluoride is selected fromthg group consisting of LiF
and MgF2. 15 28. The sensor of any one of Clainms 10 to
27, further conmprising a |iner layer interposed

Dephofe LUehe ) L] S ngRth W DASF, SIBNE, Bpmorses

conpmzsiefalaBelecarnifiom 20e pgloue tonsiStingTfd  glass o amluhinium and
Caim?29, wherein the organic polynmer 1s substantially

per me8BP®-t o gas. 25 31. The sensor of Caim29 or 30,
wherein the organic polyner is selected fromthe

group consisting of acrylic polynmers, and paryl ene

t y28 Thobgnsorsof &3%. orfdef Staiseri tf 24nfuribee compdsirig'a pPétective
to 31, wherein the |iner |ayer 30 conprises an

i nor (VS SopRiNGat leagid POGNYLhe $epeRoRISHERL 000075

48 33. The sensor of Claim 32, wherein the inorganic

pol ymer conprises a silicone-based polyner. 34. A
me2ddtecfensoodiClairg 25, sdresein theproteatve laygr gamsprises a material

il f test 5 eri [ th
P o ekt Yot e drap BILE, s et A IR plyy a meta

an eloRefe! hGAdtay oﬁ@@%igﬁdré,ea HRASI RSriReRMNn bRfdnic plolymer.

conprises a water and/or oxygen sensitive material "to

said pair of electrodes. 10 35. The nethod of Caim

<% 408 ol BF G B uBisTelibhe  TelePREBHOG e SPicaagh rom the

of Clga('bup SéhgstingPof \MAeingiMgFhe el ectrodes are
deposited on a surface of a suitable substrate. 15

37. A systemfor nmeasuring the gas perneability of a
tesd THRISISBY of 84 Bne of Claims 10 to 27, further comprising a liner layer

interposed between the sensing element and the base substrate.

29.The sensor of Claim 28, wherein the liner layer comprises an organic

polymer.

30.The sensor of Claim 29, wherein the organic polymer is substantially

permeable to gas.

31.The sensor of Claim 29 or 30, wherein the organic polymer is selected
from the group consisting of acrylic polymers, and parylene type

polymers.

32.The sensor of any one of Claims 28 to 31, wherein the liner layer

comprises an inorganic polymer.
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system conprising a sensor for detecting noisture
perneation through the test material, said sensor

W@ o9 ®ehg: an el ectrically conductive sensi nBCEREIBND00075

that conprises a water 20 and/or oxygen sensitive
mat erial, wherein the reaction of said material wth
wat er or oxygen when the semg ng el enent is contacted

W th _water and/or oxygen results in a change in the
el 82tThec aeneQinali&ilaipn t32, owhergin thenBPFERNG debner gamprises a

two el gﬁl ?J jcally connected to the sensing
eIen%H@?hé %%g éﬁﬁhé%e el ectrodes provide electrica
connection between the sensing elenent and an
electriCﬁkeai nal eval uati on neans. 38. A net hod of

deber AMFIRG N Prefucing AnRRasor farymeRsY Indgas patragakiiity of a test
usin ; r JEFRNAdiAg 9as perneability of the

t est gnn%tegéll?gﬁﬂ @éﬁ{g sensgﬁélﬂg'o conprising: WO ‘

2005/ 09e2iCiWeGeEReaed690aKb 49 an electrically

conducti ve sensing .elenent that conprises a water .

and/ or SRYGEHNG BASIPFIEa e RHILRIVS GRBFIB,ITREN Bt comRrises

of sai dy JRk& érﬂi/or"‘bﬁ;’@en"?ér%gi\/%_rmﬁ?@iﬁﬁfb e gveﬁrrkﬁ electrodes.
with water an

sensing elenent 1s contacte or oxygen
results in a change in the electrical conductivity of

th nsing 5 nt,, and two, el ectrodes el ectrjcal]l
cormabpanetst FCBER M MerrBlikE SKsuRbpprigiigs depdsiida on a
el eckLAEESs oPa @VitaSleB R dUlisRht:onnect i on between the
sensing el ement and an electrical signal evaluation

nmeans, wherein said nmethod conprises: 10 i. contacting

g T8 ST 24 AR R epostes on

t he sadasd bfasluitapletsubednteaa period of time; and iii.
calculating the gas perneability coefficient of the
test material based on the nmeasurenents. 15 39. The

TRSoR Sl Easd i IR cHBEAR MR ER0 e, s
per i systen comprising a sensor for detecting moisture permeation through
the test material, said sensor comprising:
an electrically conductive sensing element that comprises a water
and/or oxygen sensitive material, wherein the reaction of said material
with water or oxygen when the sensing element is contacted with water
and/or oxygen results in a change in the electrical conductivity of the
sensing element, and
two electrodes electrically connected to the sensing element,
wherein the electrodes provide electrical connection between the sensing

element and an electrical signal evaluation means.

38.A method of determining the gas permeability of a test material using a
sensor for measuring gas permeability of the test material, said sensor

comprising:
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49
an electrically conductive sensing element that comprises a water
and/or oxygen sensitive material, wherein the reaction of said material with
water or oxygen when the sensing element is contacted with water and/or
oxygen results in a change in the electrical conductivity of the sensing
5 element, and
two electrodes electrically connected to the sensing element, wherein
the electrodes provide electrical connection between the sensing element
and an electrical signal evaluation means,
wherein said method comprises:
10 i. contacting the sensing element with water and/or oxygen;
ii. measuring the changes in electrical conductivity of the
sensing element over a period of time; and
iii. calculating the gas permeability coefficient of the test
material based on the measurements.
15
39. The method of Claim 38, further comprising measuring the change in 1/f
type noise spectrum density over the period of time.

20



