1 A SENSOR FOR MEASURI NG GAS PERMEABI LI TY OF A TEST MATERI AL

[ 0001] The invention relates to a sensor for neasuring gas
pernmeability of a test material, a nmethod of producing a sensor, and
a gas perneability 5 measurenment system The invention also relates
to a method of determining gas permeabjlity through a test naterial.
[ 0002] The errer'gence of new t echnol og es in the electronics and
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devel opnment of new materials and structures. 10 [0003] One exanpl e
of such a technology is the flexible flat panel display which uses
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sealants and encapsulation materials, which are extremely impermeable to
water and oxygen in order to attain the industry standards specified for its
minimum lifetime.

20 [0004] Another technology which requires water and oxygen sensitive
materials can be found in the area of memory storage, particularly 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

25 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. [n addition, sealants, plastics and

30 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



materials and structures possessing very | ow gas perneability. These
materials 2 and structures have in turn necessitated the use of
sensitive neasurenent instrunents, in particular gas sensors, which
can assess gas perneation properties at very |ow gas perneation
| evel s. [0007] One class of sensors rely2on detection nmethods which do
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response acoustic wave transducer is coated with the barrier coating and
exposed to the plurality of fluids. The permeation of the fluid or dissolution of the
coating is subsequently measured using acoustic wave and optical detection
20  measurements.
[0010] Another class of sensors utilise sensing elements which react with
the target gas. Kumar et al. (Thin Solid Films 417, 2002, 120-126) discloses 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
25 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
30 properties of the calcium film is correlated to the flow rate of water vapour into

the encapsulation struciure. This type of sensor is also disclosed in G. Nisato et



30 properties of the calciumfilmis correlated to the flow rate of
wat er vapour into the encapsulation structure. This type of sensor
Is also disclosed in G N sato et 3 al., Evaluating H gh Performnce
Barrier Filns, International Display Wrkshop, OCctober 2001.
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invention to provide a sensor which has high sensitivity, good spatial and time

20  resolution, high service temperature, but is still economical to manufacture and
use. This objective is solved by a sensor and a respective method of producing
the sensor having the features as specified in the independent claims. Such a
sensor of the present invention is a sensor for measuring gas permeability of a
fest material comprising:

25 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.

30 [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



two el ectrodes electrically connected to the sensing el enent. 30
[0014] The invention is based on the discovery that gas perneation
nmeasurenents that are perfornmed on materials and structures such as

| ow gas perneability materials can be nade significantly nore
sensitive by nonitoring 4 the electrical and, optionally, noise
properties of the gas sensor during the course of the measurenent.
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provi des fihe tepkSpeaimenmeaehe derivednbi ned transni ssion rates of

o cone "2 TOBRTHE usNNR Snp s Sibae AR Hiied Bemroton
t ransm ssi measatean¢Bs Rascavels ativantae@soHirsily) the pregiing senssit cammetasure
consol e. T{_%Sr %l"c%srrg[ésaigrﬁ prg’[ets Sv?tﬁf Lllgﬂ ggéssiti\?iﬂfcgf Sétttep ?hgﬁ r1n(F§%ilrln£(§a>§/, and
provides better time resolution as well as low percentage of error. Accordingly, it
20 is suitable for assessing the gas permeation properiies of polymer substrates,
barrier coated films, or multi-layer barrier stacks which have low gas
permeability properties. Secondly, the present invention provides for the
measurement of combined transmission rates of oxygen and water vapour
within a single test, meaning that the measurement of water vapour transmission
25 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. A |
[0016]In the context of the invention, the term “target gas” refers to the
30 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 muiti-



coefficient, diffusion coefficient and solubility coefficient can be
sinmultaneously determined in one test. [0016] In the context of the

I nvention, the term"target gas" refers to the 30 gas which a test
material or test structure is exposed to in order to neasure the

rate of transm ssion of the gas throughgthat material or structure.
The term includes individual gases such as oxygen or water vapour,
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metal s suckomfuc@iepllyrie! a8oisas &\maﬁé%sdd%orﬁﬁin@haﬁé tHeopum and
transition nmetals such as iron, tin and chromum Particularly
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pol y- p- pheclybariem. Hadtiqdayw suijdige mefiateeare calcium and magnesium. Apart from
being reactive towards water and oxygen, they also can be readily processed
into any suitable shape and dimension, such as blocks, strips or thin films.

20 [0020] Examples of conductive polymers which are contemplated for use
within or as the sensing element include conjugated organic polymers,
conjugated metallopolymers (indrganic polymers) and redox polymers.
Examples of useful conducting polymers include polyaniline, polypyrrole,
polythiophene, polyacetylene, poly-p-phenylene, and polyvinylpyridine,

25  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 LiMn.O4; transparent
conductive oxides such as cadmium stannate (Cd2SnQ,), cadmium indate

30 (CdIngQ4), zinc stannate (Zn,SnOs and ZnSnQj), and zinc indium oxide

(Zn2In20s). No particular restriction is placed on the crystal structure of an oxide



25 thi ophene- bi pyri di ne copol yners, pol ypyridine, polybipyridine, and
organonetal i ¢ pol yphenyl enes. [0021] Exanpl es of netal oxides which
are contenplated for use as or wthin the sensing el enent include
V02, Cr02, M2, and Li vn204; transparent conductive oxides such as
cadm um stannate (Cd2Sn™4), cadmumindate 30 (Cdl n204), zinc
stannate (Zn2Sn0O4 and _ZnSnCBE, and zinc indiumoxide (Zn21n206). No
parti cul arthadds usedi whichsca aeeithen crysdaling.shanoasystaliner er smoaphaiss, der
6 that i Se#asrﬁgle whi ch can be either crystalline, nanocrystalline, or
anor phous, "tor" éxanpl e. [0022] The sensing el enment can al so be forned
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t he t ar get fagmedwiidepodited) earct & veurfacananfdthet Hests enaterigl. eAbematively, if an
predeterm ned quantiity of the sensing elenment, is used for the I

easardhererCaIRY SFEniERLE 16 b ReSSRg: (5 SPAMErRar be gAa within
partially @ 6BYsBIRLY SnORSHRENE AP RUPAREAANSS tHd 8cBNRpaR|ifg WaYisor
to do so is to nmeasure the change in current flow over a lPlerlod of
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reacted conpletely. [0024] In principle, the sensing elenent is able
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the projected time taken for the sensing element to be fully reacted. Another
possible way is to monitor the ceasing of current flow through the sensor. For
example, when the current flow ceases, the sensing element may be assumed

20 to have reacted completely.

[0024] In principle, the sensing element is able to operate at any
thickness, as long as a sufficient period of time has elapsed for a sufficient
quantity of the target gas to diffuse through the test material and fo react with
the sensing element. However, when measuring low levels of gas permeation,

25 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
30 10 nm fo 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



t he sensing el enent. However, when neasuring |ow | evels of gas
perneation, 25 the sensing elenent may conprise of small quantities

of the sensitive material in order to keep the neasurenent test
duration within a reasonable length of time. For this reason, the

t hi ckness of the sensing el enent can beydesigned to be in the
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[0026] In one specific embodiment in which calcium is used as material
20 for the sensing element, an optimal dimension for the calcium sensing element
is about 1 cm length, about 2 cm width & about 150 nm thickness. The
measured resistance of the sensor formed with this sensing element is about
0.37Q-cm, and is thus close to the bulk calcium sensing element’s resistance of
3.4pQ-cm. The two metal tracks that are used as electrodes in this embodiment
25 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
30 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,



0.3752-cm and is thus close to the bul k cal ci um sensing el enent’s
resi stance of 3.4S2-cm The two netal tracks that are used as

el ectrodes in this 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 ment for the encapsulation and rignsealing (adhesive) width is
about 2 mm [0027] In the invention, the sensing elenent is provided
with el ect ceﬂ@mnlyasedtmamlals:bam@cma# netadroxidek: oa mistunes ﬁlmereoﬁpTie

th El de can

any st ab eeARdiselihede o pitel 8T uiRcTRe opdidln ARy B Gtfrised
copper W r & tHeetargePhas esuch as atef ahmd;@gdncund@r telst @6k8ition§ o that the
el ectrodes can conprise any type of electrically conductive materi al,

8 commonl fcegagy wittheisensonis At Adverssly afedied suriagsthercavirse of dke test.
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rate of th t he reactive gases
are used, canilse achievedoser Eantbiat liyheurfaa:@ trtrangdehia whétal amth an mert

rotective terial J‘IO fo such us n be achi eved,
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coating. THbﬁaf?é‘t?céﬂ%?nhQ%e EB@rs%'cﬁ%%'tés%' resistance of the

el ectrodes is not a ted durin e course of the test. [0028] If

the sensor is ubMRe]H thesserlsow@weﬁei]on’Mt)lldwtgasn}aemeaitmty inaterkals, it is
preferablet trodsco rlse mat er i that ar |te

oo wiih  BSaRT ShtcBE: RERSASH TBmer el Befiridls tna Al Shfed i S Wi
such sensodgpositior aglipnidnt mmteareals‘édlm%élﬁ%rﬁﬁadfﬁﬁ@bﬁsudﬁ%a{so?é IRble
and netal oxides. Exanples of nmetals that are suitable include

si | verlS cofiaéerialginciudgpaimetals, metabaliays and srelal oxideanExampies efadetals
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[n addition, oxides with good electrical conductivity such as indium tin oxide,

20  aluminium zinc oxide and indium zinc oxide, can be used as well. Any mixture or
combination of these materials may also be used.

f0029] The electrical connection between the two electrodes and the

sensing element can be formed using any suitable means of connection. For

example, it is possible to adhere the electrodes fo a surface of the sensor using

25 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,

30 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



conbi nati on of these materials may al so be used. [0029] The el ectri cal
connection between the two el ectrodes and the sensing el enent can be
formed using any suitable neans of connection. For exanple, it is
possi ble to adhere the el ectrodes to a surface of the sensor using 25
a conductive tape or to solder the elecgrodes to the sensing el ement
using a low resistance soldering netal e.g. tin. Alternatively,
conduct i ve stbsicatpansn @ke avanetynd falmm isathoas 8 RVWe hoand,i andPEST sheettorcan

whi ch the n 0030] In one enbodi ment, the
sensor con%bﬁé%&ggﬁﬁygg[§%§§?$§¥8% 34 Pt's the sensi ng el ement .
A base substrat god3gilhi paicgle! %ﬂy%@fé‘l@l ithaf isohert Bvaraskasy) Meactive gas
handl i ng and transporting of the sensor. For instance, the base

substrate SEestdvithe taraatigamiand swGisientyfrermenbia: toniakient that allows

can be 1 or RSoRE: safRe S, Y b disdrad YEEDEST Shbafiy, 7 Y BN of
such as a BVE iheattibn, aarPiders meterial refers adhgsy \ \rﬁatfahhrTWH“tﬁ‘t i$ S0t reactive
attachable to a test specinmen. [0031] In principle, any material that

i's inert tUWATES WHPr VaRRYN qréwsgn vml@l@ isnpresant metheatawt 9g&s [higraterial
ff |1
SUTT) 10 bR P 5888, Beb Bl Aing! L04° o o LD o tow

t hi s i nvenpemealsilityi matdriainCere slitalsiEeclass mfamnterﬂﬂewfﬂd:h \dancbcre] I $satoto
reactlve t owar wat er vapour or Q en, which is_pre in the
target assuﬁ?ﬁrg?'ﬁ%usélnﬁ%r aﬁ@aﬁ@"h%’@’éé'i%/wgg] fa&:of sgsg@rrwaerqnemes are
a porgggn{g} erial or a low perneability material. One suitable

class of rials which can be used to 10 support the sensor and can
exhibit a w de [0037 Rdlymeass whiohi ae gordemiplated far ese othgnivase s@mm in

Pol yner s I ch are, cont Ln the base substrat

o ant S, e relRt RRRLAAR kBite, bt S HRnidand Sialaatic AN iy Exampléd Gr
Exanpl es obrgehi@pBiytnd?8 WHIEH araVBLgblansr forbpie lf)@ée fsﬁbéﬂéig lﬁdﬂ@dé’%‘é%
substrate |ncI ude both 15 high and | ow perneability nmers such as

cel | opHanehighoard iowmew@@ﬁmh p9lynprsmt@byafeceﬂophane poy(1-tnmethylsﬂyl -1-

D B “BLADE B AR B ecBRl L 0 tene,
pol yst yr enpolyeth@ryuifarichanspoxyol yeutiy;| apelyethytbrizol Yetiepttidiatep hgilystpene,
oxi de. M 0158 SFeC%Hgng golyacrylate and polydimethylphenylene oxide. Microporous and
macroporous polymers such as styrene-divinylbenzene copolymers,
20  polyvinylidene fluoride (PVDF), nylon, nitrocellulose, cellulose and acetate may
also be used. Examples of inorganic polymers which are suitable in the present
invention include silica (glass), nano-clays, silicones, polydimethylsiloxanes,
biscyclopentadienyi iron, polyphosphazenes and derivatives thereof. The base
substrate may also comprise a mixture or a combination of organic and/or
25 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

30 sensing element.
[0033]As the base substrate may possess some degree of resistance o

gés flow and would thus have an impact on gas permeation readings, gas



macr opor ous pol ynmers such as styrene-divinyl benzene copol yners, 20
pol yvi nyl i dene fluoride (PVDF), nylon, nitrocellul ose, cellul ose and
acetate may also be used. Exanples of inorganic polyners which are
suitable in the present invention include silica (glass),

nano-cl ays, silicones, polydinethylsilagganes, biscycl opentadienyl

i ron, polyghosghazenes and derivatives thereof. The base substrate
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account the effect of the base substrate. Wiere a | ow gas
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perneabl e gateficatisat c%ngae ostd apRaparatéesysiad @sar bﬁlcl@aég an e]ectronlc
substrate, there will be relatively | ess resistance to
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in the art romone or nore
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the barrier layer and base substrate should each have a correspondingly

20  suitable level of gas permeability necessary for the use of the sensor of the
invention.

[0035] It is contemplated that the barrier layer can be arranged or
positioned in several ways in this embodiment. In one example, the barrier layer
may be present as a single layer or as a laminated sheet or coating between the

25 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

30 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




wi t hout providing much resistance to the target gas, while the

barrier layer provides the desired |evel of gas resistance. The
respective materials chosen for the barrier |ayer and base substrate
shoul d each have a correspondingly 20 suitable | evel of gas
perneability necessary for the use of tfqe sensor of the invention.
[0035] It is contenplated that the barrier |ayer can be arranged or
posi t i oned beAiefel@yerl Thigyempadimery piayisEsniaita mearmdo drahihe permeation

barrier | a%ﬁ?ra%st{&&d@ﬁﬁ?ﬁ%t@%s?geﬁ h@ﬁ’)lgeﬁhlgneeﬁ{so?rof qﬁ%gr%%ésnetr?ﬁ\tfeef‘ﬂion. In

sheet or coatlng be nsi ng>e and 't

substrat e. ifistreamadr, ded predamt epabvadivrent agaralsmsebe for dxayssle) asat esdy-
within the base sybstrate, It is also further contenplated that the
barrier | ajRRdeMRILON Ureaine fitactor pimuiaie: Kia germeation frocensss, threugh the
i.e. di amethigdihyer, OPPOsed to the sensing elenment. Typically, if a
barrier layer is present, it consists or conprises the material to
be tested, i.e. [00@7]pBuitalddi matgriatd fohifolming0 theovimnder dayear geh gamprise
to be neasured. .EOOS% I n an(I)t hel'r enbodi.nent, .t he b{a\se substiage .
consi sts s8IEPNIGION fganicmaiestals. dperdanie MatrgaleHast Afk PaBiryaYy suitable
el ement is irfcqlﬁd@%éiélée(@d.YaI%ﬁrﬁur%?'irbn?‘tiﬂ% m&@l bkRks! @YE"ALGD Mgo, TiO,),

embodi ment provides for a neans to test the perneation
char act er i sefaggicofoxides, binorganic | pglymers,i mygamie peolyswarsofanthenigtuess nand

om0 cbBeptls HaREe RIS SY BB BB eRrigs ke
per neat i onoRjAHCHRAGahiBl pEIPmehe  Mekar réateay&bordir2BAl MM, € and
materials for form n% the barrier |ayer can conprise inorganic or

or gani ¢ natempigtely nifegganbasehirergans pakmerse Spacificcaxamplessaie gliss,

[ .g. al L i | ' , . i . Al2
e e e ande. . S WAl ) TehehdiidiRakRe. M
m xt ur es apdlydithtmrophosphiazesctdrel defivativesthbedf,obr eRaped.i Sgtable organic

i norgani ¢ polyners i nclude organic-inorganic polymers, netal chelate
coor di Tt @rﬁ%@ﬁ'wa?@,geamaame s §uqsh? eeRfENIGRasRA PRbIMRLE: polyimide,
pol yners. | fiGiRxa g e |depnes, :

Dol i ot hery ol eRir PR ERy B 8e T BATmtiveS) 'suineS crossiinked polyethylene,
pol ydi chl opolyetinfierez erterepidhalete, v apolystyreies, e obplyiuoetharaspl @olyacrylates,

Suitable 058@(251900nate5, and polyethersulfones. Particularly suitable organic polymers
having a suitable level of permeability and stability include PET, polycarbonate
20  and polyethersulfone. The barrier layer can be a single layer film or a multi-layer
stack. In the case of a multi-layer film where independent layers of inorganic
(e.g. metal oxide) and organic materials are present, organic layers can be
arranged to be sandwiched between the inorganic metal oxide films in order to
provide maximum contact between the inorganic layers. Specific examples of
25  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
30 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



15 materials include organic polyners such as acrylic-based pol yners,
pol yi m de, epoxy resins, polyal kyl enes derivatives such as
crosslinked pol yet hyl ene, pol yethyl ene terephthal ate, polystyrenes,
pol yur et hanes, polyacryl ates, polycarbonates, and pol yet hersul f ones.
Particularly suitable organic polynersi2having a suitable |evel of
perneability and stabilitykinclude PET, pol ycarbonate 20 and

r

pol yet her s@i pasife sulysleatg a0t keewn Rermeghifity ds dsednbas g Hiarlayen af dow pas

mul ti-Ilaye : tih = I
[ ndependen?ell.nz%/%*gy f@ﬁ%&%?ﬁ?glﬁ%\g&)&% rr‘eltI %+@§%taé)[ﬁf§r;( yaggnslu(? strate to
mat eri al s mmgrope ¢benghelfolifgant thel sgrescs, fanexmmplar ISamgedudntiyhavhen such a

sandwi ched between the inorganic netal oxide filns in aorder to .
orovi de maSERIANS URPAA DeRsWEIY PROSTHSAIARIRoPaies of adgslgnacimen, it will

exanpl &5 Ohe ZpabHES diRLEY JPRS & ﬁfrfelr%’&éfg ﬁeﬁt&%ﬁg el 4% in C@ﬁce, the test

exanpl e, polycarbonate-alumnium o gnesi um oxi
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is typically the 30 structure to be tested’for its perneation
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| ow gas perneability polyner e.g. polycarbonate, incorporated into
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directly osthectitegrotipoéclaly rhinerdlessuchpes montmofiioniieast ance, the test

can be carried a barrier layer, e.g, a conpgsite liquid.
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ot e o kS, Wi IRE SR e TR A L o ieae
E% H glsfsgtp@n@re@tr@ms,s fRsIrembyaliB0 dvens thdligh falsapedsiBle eXf@ isat &slit to
20 immobilise them directly onto the base substrate or test specimen (where the
barrier layer is the test specimen). Since a film layer may be fragile and may be
easily damaged, having it immobilised can help to reduce the possibility of
mechanical damage. Accordingly, one embodiment of the invention is directed
to the sensor in which the electrodes are formed on a surface of the base

25  substrate.

[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

30 edges of the trench being defined by the edge of each electrodes 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



nano- conposi tes. Typi cal exanpl es of a nano-clay includes any nenber
of the smectite group of clay mnerals, such as nontnorillonites, 15
[0038] The el ectrodes of a sensor of the I nvention may be fabrlcated
as wres or strips nmade fromnetals such as copper or tin, each

el ectrodes having one end attached toqzhe sensing el ement and the
other end freely novable. However, where the el ectrodes are designed
as filnms, Placed ensasithadranchoundemestivd, of miong the: sidge of thedlepch, as long

novabl e, b |
rovable, SHEruid Ul an AP RRhS, 4R HRelte inrRud LA 138 wo
barrier | aghctioglethe test specinen). Since a filmlayer may be
fragile and may _be _easily danmaged, having | mobi | i sed can
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the two el ectrodes, the 30 edges e trench being define
edge of eaehabgedst@bemgamcﬂmerbas:te‘ortﬁe $dnsing eleatertiei ng t he base

substrate. The ents of th sor,. can b arranged,.in _sever
possi b1 b nays. FI4ETntNG feshells SRERREIG) Shollte Regiif PmepRRRs ot the
over the tEgR&Ag él'é}ﬁéhPQﬁé *ﬂre'nbh rﬁéy@eoﬂ&dté]%e?'ﬂ#ﬁalﬁf of RflyHyeHe seriting
|l ong as the sensing elenent forns  an el ectri cal connectlon bet ween

the two eklemenidAderativaly] thensemsing eierdenemay eﬁ@@euald@ofatf@mmh ©

et e t neokrTap PARE e el Rt ReGRilindfadrs Tinel CERESebfian pythe

el enent i Stréﬂmsdéredypuﬁallyhﬁetoieﬁchactalﬁ%mér %hhpé/e@quéﬂa ehaperen baytdtber
pr edefi ned d| nmensions of the trench ereby allow ng the sensing
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In this respect, depending on e required nsi on

reqwred to form a trench in which the base of the trench is narrower than the
top, the electrodes may be formed with ends that taper off towards the trench.
When the sensing element is subsequently deposited into the trench, a sensor
20  with the configuration shown in Figure 2C may be obtained. Alternatively, in
another embodiment, if it is desired to form a sensing element which has a wider
base than the top surface, the sensing element can first be deposited on 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
25  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

30 improved electrical conduction.
[0042] In another embodiment, the sensor comprises an encapsulation

enclosing the sensing element. An encapsulation can provide for a hermetical



sensing elenent, the trench may be filled either partially or fully
by the sensing elenent. Alternatively, the sensing el enent may
extend outside 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 shapegor any other 15 suitable
shape, as long as a suitable electrical contact is forned between the
sensi ng el @@aﬁar@m theesensart sudeshatrthe targepes is wnbhelleweddo mermeate
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comng into contact with anbi ent water vapour and oxgigen prior to
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darmage the sensing enent . e material for formng the
encapsul ati on nfd0#4]aThe enaapsidatidre capnasyuse anvarigtgyofcomfigusatiansy One
type of naggrﬁtie%‘lnpla\?{gidcc%nifiau%rti%mg %cta) lh%vcsa L{ﬁg te%gééglﬂlgt\{on cast as a hard covering
around the exposed surfaces of the sensor. The encapsulation may be in direct
20  contact with the sensing element, or it can surround the sensing element without
being in direct contact with the sensing element. In the former case, the sensing
element is enclosed entirely within the encapsulation, so that the present sensor
can be used to simulate the encapsulating structure of light emitting diodes
(LED). In the latter case, the encapsulation can provide a hollow space around
25 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

30 side (lateral) walls. In more detail, in this embodiment, the encapsulation is
applied onto the base substrateftest specimen around the perimeter of the

sensing element, thereby encircling the sensing element, while the cover



| ow gas perneability. Many types of polynmers may be used for this

pur pose, 10 including hydrocarbon plastics, thernoplastics, rubbers
and i norganic polyners. Exanples of suitable organic polyners are
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material such as polymers, barrier coated polymer, glass, aluminium foil.
20  Examples of materials comprising the base or cover substrate are glass, low gas
permeability polymers and metal laminated foils. For reasons of cost, glass,

aluminium and copper are preferred in some embodiments.

[0047] As can be seen from the above, the present sensor is sufficiently
versatile to be used for the determination of gas permeability in a wide variety of

25  applications, including the gas permeability of polymer substrates, 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

30 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



sinmul ate and thus assess the gas perneability of nulti-Iayer
organic/inorganic thin filnms and encapsul ati ng structures, such as
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instance any one of the aforesaid metal oxides or metal fluorides, between the

20 conductive layer and the sensing element. Accordingly, the term ‘protective

layer’ may denote not only a single layer, but it may also denote 2 or more
layers, i.e. a multi-layer arrangement.

[0049] In another embodiment of the invention, the sensor further

comprises an liner layer (comprising or consisting of organic and/or inorganic

25 polymers) 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

30 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



5 oxides, netal fluorides, organic polynmers and a m xture thereof.
Exanples of particularly suitable materials include, but are not
limted to netal oxides such as al um nium oxide, cal cium oxide,
magnesi um oxi de, and netal fluorides such as sodiumfluoride,
lithiumfluoride and magnesium fluoridgy In addition to the above
materials, other suitable materials include netals and netal alloys.
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20 Other suitable polymers include parylene type polymers, and acrylic polymers

such as polyacrylates (e.g. poly methyl methacryiate), polyacrylic acids, and
polyacrylamides. Cellophane films are also suitable for use in or as an organic

liner layer. Furthermore, the liner layer can also comprise a combination of

inorganic polymers such as silicone-type polymers, polysilanes, polygermanes,

25 polystannanes and polyphosphazenes. it is noted in this conjunction that some

of the materials specified for the base substrate (layer) and barrier layer are also

common fo the liner [ayer, meaning that it is possible that the same maierial 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

30 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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then solder the sensing element to the electrodes. Alternatively, in one

20 embodiment, the sensing element is immobilised on a support, e.g. on a surface

of a base substrate, and thereafter the electrodes are soldered to the sensing

element. The skilled person will appreciate that it is not always necessary to

solder the sensing element and the electrodes to form a functional electrical

connection. It may be sufficient to form the sensing element directly onto the

25 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.

30 [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



conprise the sanme polymer or conposite materials. [0052] In another
aspect, the invention relates to a nethod of producing a sensor for
measuring the gas perneability of a test material as described 5
above, said nethod conprising providing two el ectrodes, and
connecting an electrically conductive gensi ng el ement that conprises

a water and/or oxygen sensitive material to said two el ectrodes.
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possi bl e t pséd e AR the RRMHY Sdffert My PRh bObvalirdRiSinf the gap
then sol der the sensing elenent to the electrodes. Alternatively, I
one 20 enbdmeaghthetvaenséssi elgckbdesnusing ammifabiesgdask arsaoppeertional

e.qg. a surf ubstrate, and thereafter.th | ect r ode
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appr eci at eat fiadsd dedctibeatforformirsy fhRCslesPéded. 0  sol der the sensing
elenent and the electrodes to forma functional electrical

connection. It [RApEbENamresentanethasl 2 het srsrisd miitragcerding te amyr witable
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However, dependi on the application and the type of electrode and

sensort | fqu'é% Pogwyﬂ&ﬁeaﬁ ng eyEsae OE@ngRtt?%”P%’éﬂsbﬁWe Hermingqthe
30 [0055] tondi@inB®iedriR@ ment of the present nethod, the electrodes
are formed on a Surface of a base substrate (which can be the

material to be [A053]ddhen viieaseirements requirtngesighleveds of semnsitivitywierge dower
the el ect rfﬁ% S1W¥;/rﬁi/83§) z?r% to be carried out with a sensor of the invention, tests on
low gas permeability materials should ideally be performed with test materials
20  and sensor components that are substantially devoid of contaminants, such as
oxygen and water reactive substances or macro scale adsorbed particles found
on their surfaces. For this reason, it is desirable (though not necessary) that the
sensor components as well as the test material are cleaned to remove any
contaminant, including macro scale adsorbed particles, which may be
25 introduced during the course of manufacturing, or when carrying out the
deposition processes. Any combination of conventional surface cleaning
techniques commonly used in the semiconductor industry may be used, such as
laser cleaning, physical and chemical plasma processes, UV radiation and

silicon flux.
30 [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




19 immbilised on the substrate with the contact areas exposed,

| eaving a gap between the el ectrodes that corresponds to the

| ocation of the sensing elenent, and then form ng the sensing
elenent in the gap contacting the electrodes. Were the el ectrodes
are to be forned as thin or thick filngQg conventi onal filn15
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processes, UV radration and one
enbodi ment orger thenswrertbat tie e,urtamds figpeaofasisodvecbmoisture or oxygen. In cases

where organic polymers are used in the sensor, the temperature at which

vacuum degassing may be carried out may then depend on the organic polymer
20 used and the respective glass transition temperature(s). In general, suitable
temperatures for carrying out vacuum degassing are below the giass transition
temperature (Ty) of the polymer(s) present in the base substrate. For example,
where conventional LCD barrier stacks are used, vacuum degassing may be
carried out at temperatures of between 30°C to 100°C, preferably between 50°C

25 1o 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
30 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

20scem to 100scem and a duration of 10s to 2hr. For example, when indium tin




i nvention, the surface of the test nmaterial is subjected to a surface
preparation procedure in order to renove such contam nants. One
preferred surface 20 preparation procedure conprises rinsing the
test material or substrate and its deposited electrode with an

al cohol, blowdrying with an inert gas2iand vacuum degassi ng.
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al cohol . | oﬁeprﬁcﬁbﬁm éuc tefk | bigd B@‘(/,S%%Eé)") Léa@%?:t?@%cﬁgf dftPltreatment

cl eani ng th chem ca as acetone a sho n primry
al cohol s sdurtatias oféx foahelghbmiautgsot her cheni cal that can act as an

organi ¢ sol vent r,ds an | ynmer i,n the substrate, not he,.
ot table in cor [EIdREAREhecFRSS HiP HREnRsF of ampiaaRieH SBradation of
of the i nveq isRsingceRMEMItNe dxpo8ed@NRiest BRthd Seting efRdmémEard be
to such chemcals i's present in the base substrate and/or |iner

| ayer, thepeoteetrdfratalexpaayreriotwaier vapau or exygenl oapplgingraoprdective and

Nevert hel e £ | ol yners..or _of he terials.present in.the base
Subst rate. Breteiabl insydPey BYRE tlreBh Rlel e dedhsidthof ik seBud cugheft
for cleani Rgs He@AHrriéd JURETRO WYl REEr BERRRNASiseNay BRI 8rganic or
after the sensor is 15 rinsed with alcohol, it is blowdried using

hi gh pressinosdaps layergsuchias gf thin dibe deffosited by capvertionat pretesses e.g.

onsur & T na VPhe" G aaahekdteRLAREY such &5 KRR LR A mBllBRNIPnyorice

cases Wwhear suigbie ribisyppssére used in the sensor, the tenperature
at which vacuu Ogdﬁez&assi ng may be carrjed out nay then depend on the

organi ¢ pol yner Atergaming opb e plasma fealaent piesess.on liner or buffer
t enper at ur : [ ; f L YL NG
vacuum deg ey canbARMRE  feltod bepraRESHPTNes B Aorific (o B afttat or
t he pol ynemeddl qxids)dayer as & herniaating obidp Etyer. Hee limerdaydrecan bd eeposited
conventj onal arrper _stacks are used, vacuum degassi may be .
corrt ab ouds AtnPLIEgeF bY et S5aTEotuAR Lip eV a60 0 Of gk afigh Bynventional
bet ween S50&#5cd GefRdtiorrpfbogader partial pressure for 1 to 80 hours,
preferably 6 to 60 hours. [0060] In a further enbodi nent, the
surface on whi clH063¢ Areiker empodimene®f i thet peasest methedafugthergesmprises

E::azggoﬁf L?é%ér%ﬂrnﬁa{ymggﬁ%ﬁgéﬁr?% ei%h%létr ?qrh\;g%{)nﬁé\geI%chaepsﬁFar’E%innl%cﬁlhﬁﬂsg Yor

encapsulating the sensing element may be used and may be carried out in an

20 inert environment, such as a glove box. For example, fransfer molding, which

involves placing the sensing element into a cavity of a mold and then injecting a

thermosetting material into the cavity, may be carried out in order to form the

sensor. The thermosetting material is allowed to flow over the sensing element

until it is covered entirely, and is thereafter cured so that it hardens into a

25  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 substrate, and then allowed to set. An ultraviolet (UV) curable
sealant, e.g. epoxy, can be used for this purpose.

30 [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




surface of the barrier filmwth |ow energy ions in order to renove
trace anounts 30 of surface contam nants. Depending on the surface
condition, plasma treatnent can be carried out using plasnma power of
30Wto 2kW wusing argon gas flow of 20sccmto 100sccm and a duration
of 1 G to 2hr. For exanple, when indigimtin 21 oxide (ITO is used
as a barrier layer, a suitable plasma treatnent conprises RF ower

of 200w sliBesk ﬁefmaadeséq/pr%\ﬂé%@ yaw fothm@(,r@mgaﬁlem%mﬁttﬁe course

duration o j ' I d&?r :
chances of BE%@H&@%%B@J?%@?%E&%% la\gfb?%rg aggér%%cﬁlg e eeﬁiﬁ%y B?Euesed i
exposed suitfiaces netessary dendéwprdbdaketphoiographs pf the seadingralement as it
exposure tq_wat er, vapour qr oxygen appl ying a, protective, an

or o o abl ypHGTat Guitg fe ShiRecH e berstiadels isti K5 o adichmeasure
sensi ng, el remdintdida ReAMAREAt fﬁ‘éeo%viram'ﬁehﬁwltﬁé't@gklcﬁéﬁfbe?,afhe cover
conprise any type of organic or 1norganic |ayer, such as a thin film
deposi t ed Bybsitaieenay alsal be cleaped dieferaqguse, foPeRample\Y. rirsing dparasetone
films such_as lithiumfluoride and magnesium fluoride are suitable
for this pﬂpé(‘f\@é‘?r'[OOGZ] After carrying out the plasma treatment
process, a |inefogss]bffaFthet A¥BEctC #e AR/InBbABE diso WitBcledsto §URBtIMSr

conprises an inorganic (e.g. netal or netal oxide) layer as a”
t er mi nat i nge@suriog gas dermeability wéra | tegbmaignab esaid paysitewd campsising the

thin l.gyer pl oat | u V. ration or any other
convertt onsr o0y ECH SR Fivobioh: ThE SRBshSY RnsiiRg, S arstehamber. =
of the presemdtanetheent solfeel acaigial skfal emefRed|aid admiehs BRNAEASUring
el enent. Conventional encapsul ation techniques for encapsulating the
sensi ng el E@#HaNGRARY be used and may be carried out in an 20 inert

envi ronment, su Y k (= i

whi ch invol ves%ﬁilﬁﬂﬁeﬁgﬁﬁpﬁggéﬁ %érr?ﬁﬁit% ‘{GJHE gégd?%é@{pta;ﬁ?@g %&%{@ay
and then i plageetiimg suitableechmarabet whgrettiicehuralditynpresshee aad itémperatyrebean
carried out in.qrder to formthe sensor.. The thernpsetting materi

o ol onedb® S oyt PSSt R n eu0er Givsiim et parieulas SXgapawnt. If a
entirely, RORidi§ ERSNBBF iSrusedl fst e tWl thd Sﬁ@éﬁﬁ%ﬁén' oA Bth’étrﬁéhses, e.g.

protective covering. Wen the sensor include substrat e, _
sensi ng el exygen, thraught thedest maperiali may odlse Hee stldied dvye infendusing these

placed | ntaaéége irﬁ‘fgI ﬁlec%ﬁb%'erwt?ring the test. The electrodes of the sensor are

connected to a constant current source meter which may in turn be interfaced

20  with a computer that records the data transmitted from the meter at a regular
interval. Any suitable constant current source meter can be used in the present
system. Examples are those which are available from Keithley (Ohio, USA),
Bridge Technology (Arizona, USA), or Glen Spectra (Middlesex, UK). A data
plotting software may be used so that the resistance of the sensor can be

25  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

30 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




t hernosetting material can be nmade to fl ow over the whol e sensing

el ement on one side of the substrate, and then allowed to set. An
ultraviolet (UY) curable sealant, e.g. epoxy, can be used for this
pur pose. 30 [0064] One variation to the above encapsul ati on procedure
conprises applying the sealant to the2a m of the substrate, foI | owed

by seali ng t he sensi ngi el enent with a cover substrate, e.g ?I ass
cover. Thel®b\oise; @RIigE.eCam e Esed tor amplilyathennoiss 895@&8 PEOL D

a view of Eﬂpcegggg Qhéls%'i"anglg&érng the course of carrying out the

per formance test wevers, an opaque cover may be used if it is not
necessary to vi 3068] The tmeasmmg csgysmmmsmﬁ( ifverpeEate mptebrlyenat hamidity
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megeur o5 ensiben Byt Ao ST Stk VePE &F S5 CamsTs in wiis legamaterials
chambers t Bgn GRVRSted HBélhéﬁbﬁe'i“@éséé alPPerrlne\ﬁFFeg \%?BBF enH %defr(tﬁfferent

exanple, by rinsing it in acetone I'n a furt
aspect, theonditiens.i bxamplesl @fosuitabé@tohdmtmra usglsderpressurlsedagas chgm@esa

per neabi | i f a.,test materi,al, sai risi t

Bensor ot PHATYPBLIATE obeRdtimbsRe ATt a5 Bt [t chomeet in which
chanber, agﬁ@p&hﬁééﬂ&vHe%@hreﬁﬁéﬁt@%anaoéib@*rwealouitI(Qé@hq@ﬁélmwaﬁ%l@nse
nmeter for neasuring resistance. [0066] In nore detai the test

sanpl e wi t & hallowaeesgrm anstiongthet is partiiaped plyaz teiti spesineen (sutistrate onifiem)

doci 1o |l 1R SetBhET SHE SR IS BRIER AT A on Bps e pré flpRhine

hum dity cpesseare aad liémﬁwef"amré hadt@sthe biferpaddrefthd efspeichten, 0as afert
e.g. oxygen, throug%%t he test material may al so be studied b

i nt r oduci ngas e REOVided at theysgmenear difigrert; pregsiegas Resweep gasHe evacuate
| ect rod
Teter wh oA LSS Gee8enC Frior (O RMRAAG 1h8 Eor GRRIALY K W8 Bas Yo

t he dat a ta®essot isddbficated tdmethegest spdcimenemad ahtacHeldtterthaladé\mlls of the

sui tahl e constﬁnt current source neter can be used in the present
syst em® ExXYAPFRRAMBEE { hose which are available from Keithl ey (Chio,

BEA) Bri dge TRen AdthérhsFiidf tH@@resé’rﬁt ﬁ\l@ﬁtlépfé%fréctéw S8R ffor
). Adata plotting software nmay be ‘used the resistance of
t he sensordelgamining gas permeability. This method comprises contacting the sensing
element of a sensor of the present invention with water and/or oxygen during a
measurement test, measuring the change in electrical conductivity of the sensor
20 over a period of time, and calculating the gas permeability of the test material
based on the measurements.

[0070] The calculation 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

25 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 guantity of sensing element can be
calculated using the formula (I):

30 Amount of sensing element reacted (mol) = Volume x Density ’

Ar




25 plotted as a function of tinme. [0067] The system further conprises
a dynam c spectrum anal yser to evaluate the 1/f noise of the sensor
when carrying out the test. Suitable spectrum signal anal ysers which
may be used include HP35670A, HP3561A or HP35665A from Agil ent
(California, USA) and SR785 or SR780 fpam Stanford 30 Research (CA,
USA). It is also 5| r abl choose an anal yser that provides a

fast Fouri E’Peﬁ'ﬁn oY§HY &foﬂtemel referg taviae uwlemenet theyseasing elemant,
the noise «§ | GR a

Stanford Reséear h' SQ%%&@%%Bd'en ﬁf(l)vftﬁsge)sgﬁaﬁg?%lgae?ﬁaﬁﬁ% A r%felisoto the
amplify theelatwesetosmmrmass pf ther sersite elegnenir Byensiédlying ﬂfee(mlgr)aduanhty

Pum oty ChSRENPS BRMERSUes Meeser TSaBity s ReicB o Rast SEra G Jepring
AT LEStomaietsi O Sy dercanahg A6 Bsk 288 it BPbagARien 18461 iliPWe

wat er vapour and under different co d|t|on
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hamb f d,set { e in which
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speci men (substrate or film into two sections. One section is
provi ded vxplemrusltyéam@)bfsorafulla paethﬁemasurﬁdjelq@trwmpedaﬁwlty 0 Mho, is

oo o cesisBr Befiank et (ad cfarh o, et iibed E WD B0 spliel Mikter. ©s
evacuate fapsmhizsioroate pae dersalcUisiedrfrdrg th® friung (e test speci nen

into the gas chanber, a sensor is fabricated on the test specinen
and attached to the side walls of the 15 gas chanber. [0069] Another

sopect, o PG SO AD) 5y LA A TR 10l By 1550 P00

el enent of a sensor of the present invention with water and/or oxygen
during a asur enment t, rre,as rin e chan el ectrical

Condudts vi WhoR 1 oracehED TR otalers thdhs e SKEIOT dhg. SaSdn t9 Fese
the gas peééﬁﬁhﬂtlhpt Yn Qﬁlst F&p’é@ﬁtlt W@trﬁfté@'thalbﬂsrﬁgggé%td%% Lﬂ%sb'élﬁfﬁ@ the

[ 0070] The cal cul af'i on of gas perneability Is bas n t e rate at
whi ch sensor by determining the time needed for the entire consumption/reaction of a

specific amount/configuration of sensing element. Once such a calibration is

done, a reference point is obtained which the subsequent use of a sensor with a

20  sensing element having the same dimensions and characteristics can rely upon.

In such a subsequent use, the calibrated sensor may then require only a partial
reaction of the sensing element.

[0072] Instead of calculating gas transmission based on the reacted

amount of sensing element, it is also possible to calculate gas transmission

25 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. It is known

that signals such as a current flowing through a resistor, the resistance of the

30 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 spectra of the noise P(f) as a function of the frequency f generally




the sensing elenent 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 25 sensing elenent. For this
reason, a specified quantity of material can advantageously be used
for the fabrication of the sensing ele@nt. Alternatively, the
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where the \E{lg{ﬁ e "Time" refers {o the tine taken for the sensor to

cease con > Mean yalde cag ek instance Be {be ayeraga value aiyihe signab pyer
to calibr air?attﬂ%looeﬁf‘?%e bgu%eécgfe’ﬁ‘élg,e (T:P% FR8tuakiBR 5 de&S’F llt%sf?rmed

entire consunption/reaction i ¢ anount i gura on o
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S obt h th bsequent, use of a_ sen th a 20.se

oi enert> nalviigefih @BackdR i e SEagrehasaiRepr 5 Eleftedoan. 2
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a partial _reaction of the sen3|ngtelenent [0072] Instead of

cal cul ati n§ugh# plphhpigallyishewsdbel thencharge wagpeairal denSIty is proportional to
the change in the variable. In this way, measurements of 1/f noise can be

directly correlated to changes in the variable.

20 [0073] This embodiment relies on the relationship between the change in
1/f noise (dN) and the change in resistance of the sensor (dR). In order to
determine this relationship, a digital signal analyser can be used directly to
evaluate 1/f noise as a function of sensor resistance as the test progresses. The
measurement of resistance of the sensor is simultaneously carried out with the

25 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

30 1/ noise include the initial thickness 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).




anount of sensing elenent, it is also possible to calcul ate gas
transm ssion 25 based on other variables such as el ectrical

resi stance or conductivity of the sensing elenent, for instance. In
one enbodi nent, the nmeasurenent of 1/f noise of the sensor is
carried out to determne the gas perne2Bility. A brief introduction

to 1/f noise in ntext of this [pvention is as follows. Jt is
known that si giﬁﬁ}glgﬁ%@wm%@wﬁl quFB{tﬁ% Q‘MFB@I@HI%&@@F‘&%’G’UGQ%@
resi st ancep@fcabdiy & tb%ﬁtéih‘ﬁa?hﬁén%isf?éﬁ'ré@ﬁaﬁd %@NM‘R)F esistor,

exhi bit random fluctuations. ese uctuations, termed’the noi se of
the signal, are characteristic of the signal. The power spectra of

the noise P(f)_as a. function of the frequency f generall 5 b ves
according to t%”gﬁﬂ’a’fei”é’fﬁ’?“c@?‘f')@”lc%f’”@ & LiARased ng)_-ﬁSo—‘r(d%fgilﬁ)s cﬁﬁ@e
to 1, the type of noise exhibited is normally referred to sinply as
1/f noise (or pink noise) which occurs very often in processes found
in nature (for exanple the 1/Ghange Besenscs thielress n (BAy nol ecul ar
novenent or el ectron vemrent). If /3=0, it is normally 5 called
white noise. |f /3=7 Rt (Feas@giefeawnbisfiesior @dial sesopipgsiansplect r a
P(f) of all noise forms such as 1/f noise, white noise, brown noise
and other type of noise can all be neasured with a dynam c spectrum
anal yser. | n def0f7i6] Oncg thbecHdrige imossmsarfthitkaegsndasalseen Hetertrimed,ofas

anot her_ ne rabl e vari abl e t hat, change duri th our of the
measurdhront SATBIESIAn & G8n Beeearianchlesing £ ormw Bbard Wow ng
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fluctuation (also known as the spectral density of the signal) is
pl ot t P ascan behaut Sntoof orgrrsfieagritideagmallersiien ths valug of theall/f noise

change 1 TAL paodaees el Tnis ds M bl biof Br Wi R Briten I fhe

var i a:ol e. dd;emsdnieu'ndvbhgref@rmainﬁtﬂe@ﬂiirlm‘as%e‘m%tgicgigaﬁa‘rarisr?gs%ibneatds}of less
correlated,to changes in the vari e. 73] Thi s enbodi nent
felios on ¥R8 TOT g dﬁ%hi%orb%%%e@, fihR CBﬁaé%éniW nqise gidhesengRy cande

the changemieBsid 8ha"sBtel 49'% SGRGRN bf RbnsbP rO5i€RICED From the plotted

20  graph, it will be seen that dN/dR is very small, meaning that the measurable unit

change in 1/f noise corresponds fo very small unit change of about 107 to 10

ohms in resistance. This translates into a sensitivity for detecting water vapour

transmission rate of about 10® g/m?day and oxygen transport rates of 10"

8cc/m®/day at temperatures of between 20°C to 95°C. This level of sensitivity is

25 sufficient for the purposes of 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 fo determine- diffusion coefficient, permeability
coefficient as well as the solubility coefficient of a test material using a single

30 test, whereas previously it was only possible to determine ach of these
coefficients by carrying out separate independent tests.




determne this relationship, a digital signal analyser can be used
directly to evaluate 1/f noise as a function of sensor resistance as
the test progresses. The neasurenent of resistance of the sensor is
simul taneously carried out with the 25 neasurenment of 1/f noise
during the test. A conputer interfaced2fith the system can be
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t he detectlon of very fine oxidation int sensor an t herefore
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that the nmeasurable unit ?QgTe in 1/f noise corresponds to very

smal | uni t e¢RRfEatM, e{lﬁ;qtdlglg iveometallic enclosures, as well as food and drug
packages, vacuum applications, ammunition containers, and plastic containers.

[0080] The invention will be further explained by the following non-limiting
20 examples and the accompanying figures, in which:
[0081] Figure 1 shows a sectional view of one embodiment of a sensor of
the present invention.
[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
25  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.
30 [0085] Figure 5 shows a sensor that is formed on a base substrate and
which comprises an encapsulation.




ohnms in resistance. This translates into a sensitivity for detecting
wat er vapour transm ssion rate of about 10-8 g/ nR/day and oxygen
transport rates of 10- 8cc/nR/day at tenperatures of between 20C to
95C. This level of sensitivity is 25 sufficient for the purposes of
testing | ow gas perneability material s28nhd structures such as that

found in FOLEDs nadltlont0|rrp ed se Sltl ity,
present inventi 59##@5'?%\% 62§ QW?aaes‘?'?ﬁ%e{n% 'ﬁbf’%nr} tlgrﬁpn%nalogous

di ffusion eRafddr¢d atonveRiicrRaDIED Yeviceef ficient as well as the
solubility coefficient of a test material using a single 30 test,

wher eas previ ou§0887]tFigaresonlA podsi BB e showdetwar ndlifferanth tppes hefeOLED

coefficients b rryi,ng . out separate i ndependent tests. 27 [0079]
From t he f8pgﬁ%§ﬁ%%ﬁ§%%twﬁ on, it can be seen that the invention can

be applied to ”fGDBS]YFFlgﬁreOB aepictscahl BR8apdifata gaascfromamanrehﬁedt&e a
testing of flexible and rigid polymer substrates having either

single or ﬁum‘tr@iEearm whight ingerpdraligsra preiaetiyss laver fomed pnma sudacavof the
or w thout ates, epoxy or 5 adhesive materials or taps on
t he rlmorsglg%/'ﬁéréa? @gtrate substrates with barrier/protective

| ayer conpri si nmcrad]tmgu@y@deprcmaaIs@h@maue@li@&amﬂéﬂmatsu}ément slBtem.
mul ti-layer can _have several ceram c oxide |ayers or i norganl c layers

and organic | ajG0]ifiggiesvi R toolPgahope thieairasurgmpets ebiainaskin a test
encapsiy at {,n re %Bfrﬂn &%'é&%&ﬁa@}s@d@ W?Peﬁd %gﬁg%]ll&yr’?gld ﬁé{lﬁ@ @ﬁre

packagi ng app | catlons, such as 1 S u5|n

Sﬁal ed OizEﬂIJA/eahmthd grapl'doﬁ:ﬂeﬂctlafn R:es%m vé.LToR)e’; Sﬂgur@t‘lfeBra‘ﬁcmb the
chnl p packages st u tures. mat eri a | C are us or orm
t hese subsa ¥ ﬁiepm %Qﬂ RCE; Yeh THRE %Iwﬁhwén%mvwayeﬁm ehel/f

sul phi de, HBE&%&P@@?E%W’%‘H rretlgéf:e %\Cﬂlh%@quar 'be lam nated with a

single or nultiple layers o e or ceram c barrier
coatings, as wel[00%4] Figares 1PAsamdtiiid ese diyiarinmyds ohta cakiim sdrisiry

th t t d

e e T e St S Fuah SRS e o ete Fioure
di sk drive1MRtsHdws N Fhaged 85 thacalilh ssnsiipPdictichtdalen RaGH@ees time
vacuunlappllcatlons anmuni ti on contalners and plastlc cont al ners.

[0080] Thelnteryals abrl 0% Imagsifigationh drigesepaBnebows theeimage ofithg calcium
non-limti Q@nsﬁ&e@fﬁ‘gﬂ&lﬁ% @d}ﬂrotl ggtﬁgcorrpanyl ng figures, in which:

[0092] Figures 12A and 12B are digital images of a calcium sensing
20 element used in a test on a glass substrate. Figure 12A shows the degradation
pattern of the sensor at different time intervals. Figure 12B shows the
reflectance of the calcium sensing element at different time intervals.
[0093] Figure 13 shows a gas permeation test cell which can be used to
carry out permeation tests with a sensor of the invention.
25

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
30 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




[0081] Figure 1 shows a sectional view of one enbodi nent of a sensor
of the present invention. [0082] Figures 2A to 2F show different
enbodi nents of the sensor supported by a base substrate. Figure 2G
shows a sensor that is supported on a 25 barrier coated substrate.
[0083] Figures 3A and 3B show differ enl29errbod| ments of a sensor of

the i nvent| I nc ra er ye 0 Fi ure 4A and 4B
show a sen% tﬂﬁY%%@cﬂpﬁiﬁga‘?@ é;‘r? Eﬂ& é’?tg' S ﬁneﬁfd‘{ﬁeg 0
shows a sepggroventie iconft W@naﬂ@%c&% %ﬁﬁet[ﬁf‘%en%lgcalement The
conpri ses an encapsul ation. eéoo 6] Figure 6 shows a sénsor that

is confi guel@@trodeamnamaeo@nmct aitker abthe shoery @dgecrrathedoBD ettgs oéthe
[ 0087] Fi g%%lﬁsﬁgi,eﬁﬁp%p 7B show two different types of OLED

encapsul at 5 [0088] Figure 8 depicts an encapsul at ed
sensor ghat is formed on a substrate and which incorporates a
protective |ayer forned on a surface of the sensing elenent. [0089]
Figure 9 d 2di agram of a measurenment system [ 0090]

Figures 10A to glal e e

commer ci al subsfdrbgt SIQ%I;% ggg@egéwgﬁ%@ v%ﬂé@%%%é(&w%n& § i néé)ns‘%?%%
Figure 10Ath$ﬁ<i€/\/§up|bl§ﬁ@‘ Bpla bdse Sabstiaten RS ilis Fagnee 248 .thd ig@ctiodesgl0®are
10B shows the graph of 'Cal cium Conductance vs. Tine'; Figure 10C

shows a gr 8¢ EHROVeltr'ﬁ baﬁ@l%sﬁﬁ & H¥-sensor vs. Resistance of the
sensorjo [ 0094 idodey" FRyfey 281 2 Bndh Qéﬁééra%oq fﬁ%ﬂﬁn%h%e%l%&}dﬂte‘érﬁoe

sensing 15 ele nt us In a on a pol ene terepht
(PET) subsareaatozatdd guara sutfbAesch‘oMns telsé nnategalsancﬂ arhespmbdl aprars emdomg a
el enent taken, at gl fferent t ntervals at 10 magnl fic t| on

Fi gure 11B9apb&Ech iR hehygeno The frenchyis iQmeHniegnRY fe srasiBdtelemeRt 100. In
control setigpre PRI plan8Wrednisch bafiWedrt hétbRcftbdbs 8ha thE 88RsiAG dlement

cal ci um sensi ng

is vertical with respect to the base substrate. In Figure 2C, the plane of contact

15 is not vertical to the surface of the substrate but forms an angle that is less than
90°. The cross-sectional view of the sensor shows a sensing element which has
a narrow base surface and a wide top surface. This configuration can for
example be formed by first forming the electrodes on a substrate, and then
controlling the deposition process to form electrodes which taper off at the ends.

20  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°.

25  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
30 coated with a barrier layer 108.

Exemplary Embodiment 3




20 el enment used in a test on a glass substrate. Figure 12A shows the
degradation pattern of the sensor at different tinme intervals.
Figure 12B shows the reflectance of the cal cium sensing el enent at
different tine intervals. [0093] Figure 13 shows a gas perneation
test cell which can be used to carry &@® perneation tests with a

sensor of the i | nent s a. .
Sensor of the Im@#] gﬂ;ur é;%gﬁ&ﬁ#ﬁfﬂ'&&rx@ﬁ%c’% 'ﬁ%’% |38[]?%r %0 which
depicts a mmrai& 2PC Irigh rza@etmtdteet»wemtth@rseristhg/w@té‘rﬁenﬁana the base
sensing el enent 100, such as a strlgwnlaca cium is connected to a

pair of ebHbstralgeSiawe 3A shows he yella bRepasiianes betwearhthe base
el ectrodes

cont act adﬁéglgt\';%%g%nc %Iﬁ)sﬁgg fgerﬁgﬁtdﬁgﬁ?e %%lg’g’;‘%g;. gelg.%gplgfeﬁe S oFlt'Sh
edge ofst hwnﬁethelet@:t&id‘esehé ety Bbout thiprsante tHickresstazdhe Rfdorreist he
el ectrode and the sensing elenment. The el ectrodes nmay be connected
either at the short edge or the long edge of the sensing elenent. 5

Exenpl ary &E‘ﬁ gt Figures 2A to 2G shows vari ous

enbodi mentEl}g EmBodi L hat is supported by a base substrate
104. In Figure mga]héﬁg.hrectélrﬁoohtmvﬂsma asensdre400alkhich tibe ehakeed in an
substrate 104. 1 ﬁ)ﬂ ll__: g B to 2G show a sensor 200 in which
the el ect r858§p51'8%é gt NS SPREY BWRIRE the sncaBsalion 1aAde
are spagedngpiy dirdc® pf 9§|€hfcorﬁﬁ@t/\k Wﬂfé‘séﬁs:ﬁ% t1ﬂt)9bl§t;tﬁ'69taeésa hollow
occupi ed by the sen enment In t he

cont act bespeesn 1tlHe TéleebohlmM@aaadcameesevmuagecéIoasrfdlleti witk areingrt glas if
W th respect to the base s ure 2C the

f .
tontact - porsalitel T PR SatH i BoSinaeft, die Bhéedialdit 1 P28 S5 erme rasin
an angl e t Ball HoHohessadehend iPffled th SgBRSgRL Th I pdBhervikifRS emPBdiment,

sensor shows a sensing el enent which has a narrow base surface and a
wi de top sthe areapswiationcbid isqapatyusetheas resin anskthephallovespagaisdilleg with
first for ”hﬁl%g%ﬂega%l. ectrodes on a substrate, and then

Exemplary Embodiment 5

[00100] Figure 5 shows an encapsulated sensor 500 in which the

electrodes 106 are formed on a surface of a substrate 104. The electrodes 106

20  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.

25 Exemplary Embodiment 6

[00101] Figure 6 shows a sensor 600 which incorporates an
encapsulation and comprises a cover substrate 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

30 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




controlling the deposition process to form el ectrodes which taper off
at the ends. 20 Subsequently, the sensing el enent 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 w der than
the top surface. In this exanple, the Hngl e of contact between the

sensi ng el r S b
sensor gzooﬁmrgﬂﬁ Lée ngg%gfeng gl tgﬁ,ﬁp}@ Q},{% ﬁgrsm%ajo'ﬂ ﬁg& t rgﬁ\é\@L%D
bet ween t hpaek@gﬁsr,odm héde simdctaresy $ragven raFigupds YA WIndlvB.he el ectrodes

106. Figure 2F shows a sensor 200 in which the sensing el enent
extends over the surface of the substrate 104 and the el ectrodes 106

are fornedgggp lbement. Figure 2G shows a sensor 200 in
whi ch t he 58 Stra Eﬁ Slifierf coated with a barrier |ayer 108.

Exenpl a5y Enbod[0ﬂ31ﬂ2]§|glﬁre [®0%Bows gar eensar a®d03Bytichi cﬂnsorporates an
enbodi nments _of a sensor 300 I ch i.ncorporates an |liner

r 110
bet ween t hENSERRYIAPEseAIRRt 1 tmaomREsHg Oxg@a@t@ glass qfﬁVSUﬁéb%iﬁ%H&\ﬁs'"
t he Ilner
Sonsi ng. el Ung SniUAGERERYSPOPEnAMRADY B2 Ky SiHal & BB orithe
t he el ect r taséspecineen NB¢iang tisopair Dlﬁmetah’aracka daﬁe:ms‘édsltingethe electrodes

el ectrodes Enmbodi ment shows. a

200 wini ch el HEI 354 45 SRS Rt PP dndiips 168 of the SqaSod sREREH 100
sensorign wﬁﬁdﬂa lideovBrRPWithahi Bratdktivel Byer 4 1B0tTheNglRisk esdvel Y state is
contact with the sensing el enent 100 but "provides a hollow space 114.

The hol | owPkisad O Hie BaCRSUiatiandherely sealingvihersensinghelamepals Thie hollow

required. | £ ' . i.Qn . LS an

cpoxy 1 esi PREhd188iFlskRd sEBI EBPhsiph erOT BRI Yo yedep,

anot her specific enbodi nent, the encapsulation 112 is a pol yurethane

resin and Ehe h I | ow space I S f| I | ed vmth _15 mtrogen gas. Exenplary

Enbodi ment £42 : ‘ SRS sensor 500 in

\'?ﬂiacgl:[[ecter OSLECE (PI@%T ﬂ'lotﬁlﬁéfalﬁﬁlfeng%eﬂgo@ﬁ HiukB5RdOh AgdiPs bhals bn
schematlcally in Figure 8 was produced. The test sample (thickness 175 pm)

n..; .:..

comprised a 133um thick polycarbonate film coated with 30nm thick silicon

oxide barrier layer. The test sample (substrate) was slit into 50 mm by 50 mm

dimensions with a pneumatically operated hollow die punch-cutting machine.

20  After slitting was performed, silver was deposited onto 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,

25 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

30 rinsed with isopropyl 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




20 are spaced apart to forma trench which acconmodates the sensing
el ement 100. The thickness of the sensing elenent 100 is
approximately level with the thickness of the electrodes 106. An
encapsul ation 112 is fornmed over the sensing elenent 100. 25
Exenpl ary Enbodi ment 6 [00101] Figure ®Zhows a sensor 600 which

I ncor por at : S Lon .a | a_caqver # 4

adj acent t(;ﬁ%lg%gsmgﬁggs%rg{;# o%.lt ﬁ)(ri]i ﬁ{@g&eﬁg@ | ﬁ\grﬂ\ﬁ e?ﬂ%g%&rtgﬁe}ajture of
encapsul at inetwdér? 60s - anUeCedwisith it Mselehveier grégé Akt tempBBRtiRL Bf the
around the sensing el enent 100. The cover 30 substrate 114 is pl aced

on the enc®obimen Pwmsentin thadasmgr siegkiurpd: inethis example.eTheramcunmooven

ubst rat o HagoREr? MacARfiofyEddlored B0 TRREAT LB IR pReentT8¥ Bpeiow

This 315 cofihygrcatibamoil Fosuihcazicaufropuhpgb ithg vaesuR@verat i on
properties of G_EDqsniackages I ch have structures shown in Figures

, Wh
7A and 7B. ExemP&18]Eimeediataly after thso degpssing precess Hbgspartiaby Jermed
800 which i t ' I i-Si
2nd & ol asSgbiahd B, SR GRS HesraRid S LT VG SOIPIEE CIgPTo6
encapsul at wierd plaspegptregtrsest wad famriedajuifoeskvanalt iturs t Radliofrmgioney (RF)
104 and the pair of netal tracks 10%9$nst ituting the el ectrodes.,
Cal ciumis@ Piasma was, ysef eitehom 4he suraceopf tie breierelg wgth low

el emeni 10%néf%§i6h§?ﬁ%rdé' t6 PR Oér’ﬁﬂ'r{a{%’;eaco?ﬁ%ﬁf* b}ﬁ.eThé%t%%gapge%?/Sl}Qqn the

gI ass cover s trate Is p| ace e encapsu Iat 1 on,
seal i ng t hehsmbsr wpseinaintainedThelotvot xoh0™® spbar ThHbary ioedatbwes athEd

sensing el enent | illed with nit . Exanple 2: Fabrication of a
gas per neaﬁ??mt%}‘i%& Wefévﬁ%ﬁﬁ%]ioﬁ%’?hi s exanple, a sensor as

ilTustrated in foenoe} AftaPthplasfitrealtdl@Brobesd, | lihér %V%'égﬁqm?’ﬁ'?@’% an

produced. The test sanple (thickness 175 m conprised a
pol ycar bonae®li¢inofyreeawes daposited as a thioKkayen efcalroutohiCdembly spier coating.

e AT T o BT AR ettt e RO, grours
machi ne. 2Qnibine taye-bitiangr syagatiet fhesuafihestdiviam ¥@ssingBrRehdrd ont o
the test sanple_ using a . .

[00107? After the deposition of the thin organic buffer layer, the test
samples were transferred to a vacuum evaporation chamber. Subsequently,
calcium was deposited through a suitable mask into the space between the two

20  electrodes to form a 150nm thick layer. After calcium deposition, a 100 nm
insulating film comprising LiF was deposited by PVD onto the calcium.

[00108] Subsequently, the partially formed sensor was transferred to a
glove box where it was encapsulated. UV curable epoxy was applied onto the
rim of the test sample. A glass slide of matching dimension was placed onto the

25  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 mW/cm?® and 85
mW/cm?. The entire encapsulation process was undertaken under inert nitrogen

30 gas atmosphere in order to ensure optimum encapsulation.

Example 3: Water vapour permeation test using 1/f noise measurement




suitable mask to formtwo electrically conductive tracks onto the
test sanple surface. The conductive tracks were orientated such that
the wdth of each track faces each other. Two strips of conductive
nmetal (silver) tracks with a thickness of 300nm (18 nmlength and 20
mm wi dth) were deposited on the test sa&le, 25 thereby forning in

e e 16T0d1eRAL Rericap Qe S ARRcAN T En i 30k RS )

a cal ci um sensi was' subseque y Torned as explain
bel ow. Measdichreomprias thex pstisaethle commisingethd batier sREoknwitiasitioon Aibxide

normal i sed sensing, el enent area of 1 n2. [00104] After the conductive
[rack was. 128 TeRFEfe0, WO (L gunyaipichamites (61T Mosel Waiss. | GBmapI A
al cohol (! ﬁ@s%?@ﬁbb@n?ﬂéigggf WhiRs8 Wa296hne B aME Hib&fbdes to monitor
substrates were then plac&d I n a’vacuum oven for degassing any

absorbed the dffuradsepf they gemsorTihd the same Bmien at Keithle g 24R6S3Assturt® meter

10- 1nbar and vac 32. degassjn arri t far. several hours
at an el ev&’.laégcqrﬂ%ﬁ %P%'%g?ﬂoogﬁm\g%ﬁﬁgﬁeé ?%Ogu@”rwg)éﬁ FEI"QV' 8I%\WPE‘?F@”t
gl ass trangifrbRn sb@fﬂéefcﬁ}tﬁé eséﬁi‘so? hghd ﬁ?'ﬁfi@ﬁforpﬂ'@?ﬁgr gf‘ ﬁggﬁgé’a&fr &&Eium

stack used in this exanple. The vacuum oven used
addi t i onal rssigigocepeaen timef. orkf | hoiset r aplsiuny woedadtantae arak kfdsistamce

f hyd b il f th to t n. 00105
ot at o) JZRUGIeHS WRGLOUI 6t 1 GRUSLat.me! 981 e: U P R AU ane
and tegd safbspnicprbsaneferred to a ULVAC SOLCI ET O uster Tool

where plasnma treatnment was carried out for several hours. Radio
frequency (RF) [Mdéh Phasgraphasf hadgeoirb catciund tdsistancd aagaindt time is

barrier fi it.h J.ow 1 i i der t f
oot ot ot PO ) Figitet PoRIAS Bhr B8l RiMThedfodiEns g s AEGoaut 272
4 x 10-6 nmhagrs i$udsan@en dhlriﬁ?/vmﬂélﬁ? tMESariunt @enSSESHARSE B RPUALIOM T his

set at 200 W [00106] After the pl asma treatnent process, a liner

| ayer conplagstiig represaity the dysatiore requiredifgsdbit wateasvapouhite tlaxpese tie
about 4100 H%??ﬁgfeobgfogé’%éé% trﬂe5sJ|{1;|‘?necib(é§§ﬁAtayer presents

relatively gas barrtier proper ensures uniform
| ayer - by- 1 ayer [D01dd]i Die tgraphigif tdte ofadiednge o raidigneteidittande084ainkt
After the deposition of the thin organic buffer |ayer, the tes

J t
sanpl es wel@S3SpRAN ebigile 40Ravat slsoveiaingd: 68 candmesen from the figure,

Subsequent{rg time taken for calcium conductance to fall from the initial conductance is
about 2.8 hours from the start of the test. Conductance decreases to zero in
20 about 7 hours, meaning that about 4.2 hours was needed for the calcium
sensing element to be completely consumed.
[00112] 1/f noise measurements made by the digital signal analyser was
plotted as a function of sensor resistance. The graph is shown in Figure 10C.
[00113] Based on the data, the quantitative evaluation of water vapour
25 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

30 [00114] This example describes a procedure for deriving water vapour

transmission rate through a conventional barrier stack such as the one used in




cal cium was deposited through a suitable mask into the space between
the two 20 el ectrodes to forma 150nmthick |layer. After calcium
deposition, a 100 rim insulating filmconprising Li F was deposited
by PVD onto the calcium [00108] Subse%xntly, the partially forned
sensor was transferred to a glove box ere it was encapsul ated. WV

curable ep a i -0 t:he I t esi: e...

slide of ma crﬁeﬁ)gedlg%ﬁ@?eo&mv@% ILE)I %%éé[gmoﬁl[tg gﬁ%&bgﬁ%%@%éqaéméeg%géifon
t he cal ci usessitigityngf rdiseradasuferdOftéd/aoebading & trdeinvestidn.sour ce

(2000- EC series WV |ight sné)ur ce, DYMAX Corporation) was used to cure.
the epoxy for EHUAKSI; Be Halat reederh for\aauyig oWs s prerent ealeulativns s
was bet wee 1 3 ! { I.41.es .
T o2 andUhST O Cg e heite, i ol RO foth BRhRR®1.2The ime
under t ekentaketido dxidise 160hmogfesaiciGt Wwas abbobs 2Hengs ias shioder intthe gnsph of
opti nmum enga sulg ion. Exanple 3: Water vapour perneation test using
1/f noise &l nt 33 [00109] The encapsul ated sensor fabricated
in Exanple 2 (c ig§u iceh i 3 t S hSi
the barrier st agokoﬁﬁhdrg? Igli)/fc‘g{gls i%ﬁ?ggé S\?@Sﬁ t[@ gn@?@? r @gﬁ%ﬁ?]@ﬂgp shaly28r
humi dity cdn®es7qAKyasbepesifietbitesbe Gessrethgn . 100* VRREHZ04 GdgHza& 1mA
si gnal anal %sgr was _cqnnected to the electrodes to nonitor 5 the 1/f
noi se of tH&" @Ws%lfrre t the sane tinme, a Keithley 24203A source neter

was caonnect ed i peAT7d Usingt pet ditad b8 dRsm (ke mEhSiretdchts l@rdPBLE
a constant current sSource to the sensor and to nobnitor the rate of

change of EXamiplal, thesdervation ofwaterivapoun tranamiission atecvascarried out as
conduct anc® gag. resi stance neasurenents were done at a tenperature
of 40C, 90% relative humdity and 10 atnospheric pressure. [00110]

The graph of change i) Ralecofighamge of anfcrois@dN)Sh the senisér withomspiedt to
Figure 10A. As can be seen fromt a lag tine of about 2-3

fi \
hours is observed, du?h%@%@ﬁ@ﬁis{f}fgedlﬁgigfﬁlu@@pr shows no
degradafion. This | @Sqdﬁ%fﬁ%gﬁ%?q?ﬁéiggvgﬂgi%% {(R%})w red for the

wat er vapour to traverse test sanple re reaching the
sensing el ement. [ 0014 3]38Tkd0gMapk/H (at thevalledidhg@30f3 Qdines)um
conductance against tine as shown in Figure 1 OB was al so obtai ned.
As can be seen fromthe figure,

Hence, for the chénge in resistance of 1Q, there is a change of
3.38 x 107 V2 ,s/Hz in the 1/f noise.

20
2) Conversely, for a change of 1 x 107" V2, /Hz in 1/f noise, the
change in sensor resistance
=1x10™+3.38 x 107 =2 x 10® ohms.

25 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(ca)

0.8x10"m* x 1.55¢/10° m®
40.08 g/ mol

30 =




the tinme taken for cal cium conductance to fall fromthe initial
conductance is about 2.8 hours fromthe start of the test.

Conduct ance decreases to zero in 20 about 7 hours, neaning that about
4.2 hours was needed for the calcium sensing elenent to be

conpl etely consunmed. [00112] 1/f noi se 3Peasur ement s made by the

di gital signal analysgg;yaﬁ409kgtted as a function of sensor

resi stance. The graph is shown 1n Figure 1 OC. [00113] Based on the
data, the quantitative evaluation of water vapour 25 transni ssion

properties could be c jed out as shown in the further exanples )
below. Example 4 : CabbdiM PEETMOIGRURS aimseiuirec iR f5ag Wil Reccaloium

Sensitivity of  Noi sea{pRsyEREE kS ndthHdPdt Hdled Bma%ésarﬁele%H%%%ﬁhgé&to

a procedure for deriving water vapaur transm ssion rate throug
convent¥onal barrier tastkitbizk 18s e offaleigmd i n 34 the above

Exanpl e which is coate Lt h, Skd i con di oxi de coati ng based on
sensitivity of noise r_rga?\g%rxe@nt@o ccording to the invention. [00115]

The data needed for camyHpd’ mgig] the present calculations is taken
fromthe resistance and noi se neasurenments from Exanple 1. The tine
5 taken to oxidise 150nm of cal ci umwas about 4.2 hours as shown in

the graph of Figure / 04,Se. |, ySi,S sensitivity
of the digital signal égﬁ';\?bg@%&&%h@@%ﬁ%??@%’ﬁ% to be |l ess
than 13 14 V2 /Hz at Bénts, t&eLmthQMO'@uﬁbp@ﬁHzgo [00117] Using
the data obtained fromthe measurenents carried out in Exanple 1,

the derivation of watE6XJHpolo! XrBeémPEsi on rate was carried out as

follows: 1) Rate of c,ha}r;g@o@f tf noise (N) in the sensor with
respect to change of"resistgé e (R i.e. (dNdR) 15 = Sl ope of graph

of 1/f noise vs R (FignsrfdieClihe sSerditivityl6f e Egitia éi?h_alt BRala&r foothe
R = 23.13 OChns) Hence, for the change in resistance of in, there is a
change of detection of water vapour permeation is 1 x 10™ g/m*”.
15
7} Water vapour transmission rate (WVTR)
=1 x 10 g/m? x (24hrs/day + 4.2 hrs)

~5.71 x 10°® g/m?/day

20 [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/m%day and is therefore sufficiently sensitive for the

measurement of low gas fransmission rates.

25 [Example 5 : Caiculation 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.
30 [00120] The data needed for carrying out the present calculations is

taken from the resistance and noise measurements from Example 2. The time




3.38 x 10-7 V2rnms/Hz in the 1/f noise. 20 2) Conversely, for a change
of 1 x 10-14 V2 ,,/Hz in 1/f noise, the change in sensor resistance
=1 x 10-14 - 3.38 x 10-7 = 2 x 10-8 ohns. 253) For the change of 2
X 10-8 ohms, the change in cal cium thickness 0.8 x 10-5 nm 4)
Correspondi ng change in anount of Cal ci%ém (rml) Vol ume x Density
Ar(Ca)  30takelr Wdlsém%%ﬂoﬁé%% @v%ﬁabtﬂﬂ L3 Glo i ﬁg’%hoﬁ'nei xthé%‘r&;%s
nol 5) Two water nolecules are required to react wth one ¢al'ci'a

at om Hencef Figees lidhandofOBwI es of wat er ol ecul es requi red to 5
react with 3 x = of .Calcium= 2 x 3 X =6x10- 1Qnol
6y The "ol ecul alPUd4t T he Aeriaidibe Water yapayl hansm Rsiturats hesared out
of 2.2 x 1@s¥8lowyd: of H2O = 6x10-10 nol x 18g/nol 1 x 10-8 g/ nR
Therefore, the sensitivity of the digital signal analyser for the

det ecti®on of water vapour perneation is 1 x 10-8 g/nR. 15 7) Water

t i SSi =1 1 [ 24hr s/ d
hroy 5. 71 x 10-8 of el hAYI stk i R huten Pogaice dek o
that the sensitivity OoMHRI(BE. calEiags&isRMNts @@ﬁb@qﬂe[yq‘,e@@ég) to nmeasure

a wat er vapour transm ssion rate of
Volume x Density

A(Ca)

150x10°m’ x 1.55g/10° m’
Ar(Calcium) g / mol

10 =5.8x 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 107 mol of calcium

15 =2x5.8x10° mol
=11.6 x 10° mol

6) The molecular weight of the HO is 18g/mol.

Hence, the weight of 11.6 x 10° mol of H,0
20 =11.6 x 10™ mol x 18g/mol

= 0.208 g/m?

~ 0.2 g/m?

Therefore, the achievable sensitivity based on the direct

25 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 a/m?day
30




| ess than 10"6 g/ nR/day and is therefore sufficiently sensitive for
the neasurenent of |ow gas transm ssion rates. 25 Exanple 5 :

Cal cul ation of water vapour transm ssion rate - Direct Measurenent

of Cal ci um Resi stance [00119] The pres r],t exanpl e descri bes a net hod
of deriving water vapour transm ssion+ate based on direct

measur ements of regdzjum elaegebrdifgl, tHeeélkéét%ﬁ@tan%@ e Qqu?%]ased
needed for carryl ng out t he present calculations Is taken

resi st ance wWiiidthfoipsesant sansendat cal¢ulaia Eaarttﬂm»@ssﬁherate nelog@vet, akethis

to oxidise_l f t42 urs as shown

oraphs o SPROTPceeBmaiAl R, TOHe fortiibins RleaNiEiMant matfiod is not
vapour tra@&ft@ablé'f@ﬁdét@hﬂlmﬁ@a%rsrtraﬁﬁsn%élon&étefdﬂlé@é/\ﬁ}alﬁ019 mﬁﬁmw of
Cal cium (nol) reacted when conductance falls to 0 Mo, (i.e. calcium

sensor s conpletely reacted) Vol ume x DenS|ty A (Ca) 150 x 10-9 m
x 1.55g110 . / 1 2)_Jwo r
nmol ecul es X: %ﬁ%%ﬂ)raﬁs 2 gwﬁg 1iaii,v!tx of

nunber of Rﬂs@@taﬁte%éﬁuﬂﬁ%@ﬂel es reqU| red to react W|th 5.8 x 10-3
mol of calcium1l5 = 2 x 5.8 x 10-3 nol =11.6x10-3np1 The
mol ecul ar wei ght0 Q>1r23ﬂhe Hothe Bresest sample-ghaws atrn@thmducg‘wterwmgltbeewa&er

10"3 mol - o5h54 #ohsmitdiof rite!BadedBh Endf9hyBE resistInc® thé¥lstfements using

10 a Keithley 24203A source meter. The data that is required for calculation

purposes were obtained from 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:

15

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

1mQ change in resistance (AR)

- AR _ImQ ot =B 2 oaum

R .37Q2 t 150mm

2) Change in amount of Calcium (mol) for the change in 1mQ.

20 _ Volume x Density
Ar(CQ)
_ 04x10°m’ x 1.55¢/10"° m’
40.08 g/ mol

=1.55 x 10 mol

3) Two water molecules are required to react with one calcium
25 atom. Hence, the number of moles of water molecules required to

react with 1.55 x 10°° mol of calcium
=2x1.55x 10 mol
=3.1x10° mol




0.2 g/m2 Therefore, the achievable sensitivity based on the direct
25 neasurenent of calciumresistance is 0.2 g/nR2. 7) Water vapour
transm ssion rate (WTR) = 0.2 g/n2 x (24hrs/day = 4.2 hrs) 1.1

g/ n2/day 30 37 [00122] Accordingly, the direct resistance nethod
can al so be used with the present sens to cal cul ate gas
transmission rate. HoupYRe mdigodllt Weight®fird R,OXPeBMAL Al setup, the
direct resistance neasurenent nethod™ s not_ suitable for determ ning
a gas transnission ratienes, theseeightof 3.0x61047 mel dbkl.05 Exanple 6 :

Cal cul ation of water v r,ig ansm.ssion rate - Sensitivity of

Resi st ance I\/Easurerrent_gpfgcwzs’]"o%éggirn@%ent exanpl e shows a net hod of
deriving the water vapouio®iganRsn ssion rate based on sensitivity of
resi stance neasurenents using 10 a Keithley 24203A source neter. The
data tHat is requiredTherfasl dbe asdénsitivityr pbths digitad sipnali apdlysenfor the

nmeasurenments carried Qut jn anple 1. The sensitivityasof the source
neter was specified tgetgg{l%gﬁwggerr}@?pum@@gﬁi 'thlém!ﬂj—men of

wat er vapour transm ssion rate was carried out as follows: 15 1) The
change in cal cium sensor thickness (At) with respect to 1 nb2 change
in resistance (AR) ARD)Wat@vapopr frangmission-rate (MVERD. 4nm R . 3752 t

150nm 2) Change in anpynt bei 1), f t he change in 1 nb2.
20 _ Volune x Density~ f&ﬁ?g% x(fﬁﬂrgf{fa))? 4%rhr85]

10 ~ 2.9 x 102 g/m? /day

[00125] Accordingly, the direct resistance method can also be used
with the present sensor to calculate gas transmission rate. However, in this
specific experimental setup, the sensitivity of resistance measurements was not

15 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 tor zero provides the lag time (L), which can be related to the elapsed time
20  before steady state according to formula (V):
l 2
6 D

L =

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
25 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,




0.4 x 10-9 nB x 1.55g/10"6 nB 40.08 g / nol = 1.55 x 10-5 nmol 3) Two
wat er nol ecules are required to react with one calcium 25 atom
Hence, the nunber of noles of water nolecules required to react with
1.55 x 10-5 nol of cal ci um =2x1. 55x10- %go =3. 1x10-5n0l 38 4) The
nol ecul ar wei ght of the H20 is 18g/ nol ¥ Hence, the weight of 3.1 x
10-5 nol  ofyHde®[=is3hé I¥g in‘?ﬂ@ IrTQ'thé tl%é%é@ of ﬁ&?&rﬁe?] e'2D3s the diffusion
Therefore, the sensitivity of the di gital signal anal ser for

det ecti on eopeliigtent (M&Bdur perneation is 5 x 10-3 a/n2. 5) V\ater

hrey 10 250 % 1a6271G) no TP ssedsit fceariing oul e Eesa eaictistions i

resi st ance taRimpemcie siRaise HAE thoiyd Hbés'&?erﬁéﬁ@eﬁﬂémsEférﬁbletQ The time
cal cul ate as transm ssion rate. Hovvever In SpeCI

exper i nent dkesetoupxidisa el S iof calciun siasy @mtdtﬂaad@um@as @h@mnnsthwaphs

not 15 abI gas transm ssion rate of |ess than 10-6
g/ n2/ day. r?%ﬁrgggsmf—f?‘te tion of Diffusion Coefficient [00126]

Ext r apol at| ng t[@0128]ve i Mhihsford, ehdYlagthe (L§ds aN2 dourk BHE silidOR dxide
zero provides the lag tinme (L), whi ch can be rel ated to the el apsed

time 20 bépated BelyaaRposata bamierosiackdotal thiskaass is W75 mcron, -hegice, the
The barri erﬁ@ibtrf %gﬁﬁ; )%ﬁfbter ates are either assuned to be a
ngl e su q

honbgeneous  si e or the oxide layer is considered to be
t he barwier

_ (175 um)?
6x4.2x60x60s
2
_ 30625 (um)” _ 5 4105 m2 s
90720 s
15 [00129] Hence, the diffusion coefficient D for the given silicon oxide

coated substrate is 3.4x10™"° m¥s.

Example 8 : Estimation of Permeability Coefficient (P)

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

WR = P(plfu p2>

where WVTR is water vapour transmission rate in given time [g/m2.day], P is
25  permeability coefficient [g.um/m?'.day.bar], P4 IS a pressure on the high pressure
side of the barrier stack, p2 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
30 time taken to oxidise 150nm of calcium was about 4.2 hours as shown in the
graphs of Figures 10A and 10B.




| ayer since the base polynmer substrate provides only 3% of

resi stance. The tine 25 lag technique is used to determ ne diffusion
coefficient. The necessary boundary conditions are the follow ng: an
initially gas free film attai nnent of E)qui libriumat the
gas-polyner interface, and zero concenfPat i on of gas at the cal cium

side. Under thes@3gndi t TRBSwak Oﬁpélﬁletﬂaﬂgm‘iésﬁﬁ'l Lraf@tc*a%;até& frém the
possible to calculate the diffusion co-efficient for the required

barri er f i EXAmPlerStind. tedmrsianghe dotal thickness ofwhe bartier sfackis 1aigm|cron

Coori o enp £ros) oS Py Frebilite A6 LY Yiartad o iy SIS khiciy),

present capgtd @t jvapsuf presbaf@msid@ﬁaltﬁu@n epshpidaee @Btbariestack is close
measurenents from Exanple 2. The tine 5 taken to oxidise 150nm of

cal ci um wal® Zyeuinee Q'%W@tq{é’aﬁ’ﬁbmulmreﬁ%wﬁhé}@ﬁﬁéumbf Figures 1 OA
and 10B. [00128 efor

oxi de coc[it ed pL(fy-q(’:s? bonafggp ar |€&?V‘L§‘ uggklﬁtc) aef ﬁﬂ %%g@gaﬁgﬂrléééﬁl&gﬂt
m cron, heeqgeatidrhe diffusion coefficient (D) will be: 10 D (175 pm2
6x4. 2x60x60s 30625{4( 53)252 ezr_13 4x10-13nR/ s 90720 s 15 [00129]
Hence, the 4li IER & £ i m Dldyor gven 0

coat ed subggr ate_i;p 3. 4x19:053p52L . %#ﬂl}l 91% fq’ @ﬁ)@dtcd‘g 20%RH
Pernmeability Coef i"ci ent (P) [00130] The rate of gas or vapour
transfer througfoo134] nenbHanee] the @@mﬁé@mﬁ?&@éﬁcﬁémt@w&r tsa ahden silicon
cal cul ated according to fornula Vl%i = P(Pi where WTR
i s watit vﬁEQQrCQﬂt%F2§Hb§t§$t@nlsr%5é< i @H-Vér(ﬂ’( iday @fgsum beayith pO7G 880%
per nmeabi |IR¥| 8&&”}&% ent [g.nm nR.day.bar], pi is a pressure on the
hlgh pressure

he effect of a liner laver on sen

pattern
15 [00135] In the present example, test were 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

20  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%

25  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

30 degradation of the sensing element as the test progressed. In comparison,




side of the barrier stack, p2 is a pressure on the | ow pressure side
of the barrier stack, and | is path length (m for diffusion
(thickness of the barrier stack). [00131] The data needed for

carrying out the present cal cul ations s taken fromthe resistance
and noi se neasurenents from Exanple 2. "The 30 tinme taken to oxidise
150nm of calgiremABshawethattthe BeNiAg afemBAVh the EBBiroloNaeegPided non-
Figures 10A and 1 OB. 40 [00132] The water vapour transm ssion rate
cal cul at edUnf@lyhe exanple 5 is 1.1 g/n2/day. The total thickness of

the barrier sta 21175 D a '

humi dity chamema1%é0% re ‘%f‘ﬁ@%s%gérﬁu t 3)% Ei(séggqf'%‘gég‘ﬁ‘ﬁg%ﬁe@ﬁ'gﬁ'
i nsi de cal Hyemdegeagatidnatethd sehsihgrelemiens irmthe istnebpaais facilitatzartsy the
since all },he wat er vapor would react with calciun]. [00133] Applying
the values/N%f!8Y¢he above perneability coefficient equation: P =
W/TR x | 192.5g.pm/ nR.day 3.5 x 103 g./tm/ nRday @40C & 90%:H pl
- p2 0.055bar - 0 [00134] Hence, the perneability coefficient (P) for
t he gi ven Exhimple 10:0Studyiefdhet effeciubs tar ava-insrgadicxterfitingting/ ke an
at one bar _w th 40C & 90% conditions. Exanple 9: Study of the

ef fect of &% egrada ﬁ%@i&?ﬁﬁ&ﬂ&n 15 [00135] In
the present exa t ' t

Study the. ef f oo n o 15 e Gone This 4 (681 g B bontt 5 58! flehfon
of thelGenweAdgastiedont on Qi) substrate ofhe puppdss isgoastudy thelnmifemsihngf
el ement waa f ggl 'ﬁg’,tlﬁ'ld on a PET substrate which had a netal oxide
barrier co ?Qrﬁ@ 2 e@ens?@ to the procedure described in Exanple

1. A 100nm t hi cjocaany! AGepebyWRE fhbi@itcd@hta BRYIASH sORdtath RRcBHIING &S the
of the nmetal oxide coat gg_. The sensor was encapsulated in a simlar
Ins

way to an PIoepdpesdaserib xampient FNgUiner dayex was applisd wato the surface
fabricat ed_ mith i r gt L.nexn . . t est .on, bot

tost epectiieCbtis SOBRERE! TheMMeriB: WeiieqiGhed to ey ECfmBRISRUE as an
t enperldt ur ©L&Dp&€Rage structure shown in Figure 6. The sensor was encapsulated with

adhesive material and a glass cover substrate. The test was carried out in a
humidity chamber at 50°C temperature and 90% relative humidity. As water
vapour penetrated through the adhesive material, the sensing element was
gradually degraded. The sensor was monitored through an optical microscope.
20  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,
25  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
30 coniirms that the dynamics of calcium oxidation occurs in a layer-by-layer
progression.




25 relative humdity. [00137] The images as shown in Figure 11A and
11B were taken at intervals of several hours into the test. Calcium
degradati on was nonitored through an optical m croscope and digital
i mages were taken fromfive |ocations g the surface of the sensing
el ement. Figure 11A shows the uniform degradati on of the sensing

el ement as the [86142]r igaedseseen that ohe aalcEm seAdingdigmeat fabriBate@ayging
that the sensing elenent in the control was degraded non- unlform%
er

[00138] Fr & packages struetuga nisp exislized WH@”E'yuﬁﬂﬁoiﬂna layesrbyn
I d f
fatilitas el ayebroR! APSIRily, B BeBEBRs h'ybORACEIMUHRY of the senspr

a non- inorgamlmetoerneiaied|toghea@m'resmnda&mdecreéegr1ad‘¢ﬁc!mespadftmenswmm
t est rm%erl is glass [00139] In the present exanple, a test using a
sensor 'Fitventlon 10 was carried out on a glass substrate. The
purpose is to study the uniformty of degradation in the sensor.

[ 00140] A sensor was fabricated onto a glass substrate according to
the proce@&xamplescil:bdMeasurErwent! ef1.caxbinederoxygen and aygter edapour
onto the surface. . he sensor was designed to

have a si ucture shown in Figure

6. The sensor aWﬁé'p?é@éhtVih@éhtlcﬁfﬂ% 'bé%dfﬁé@ rdu@'no@'&‘?'l rfmgé %?nldlty

cover substrate. The test was carried out in a dity chanber at
50C t ehper shamden it abw incd sustoen madeltast. CeAsThatm'eserwtalpuemtlon allows the

or aual |y MEREReheSSLRRRIR FEA6RM, el eRRUL M o 6% oar. througn

m cr oscopeangQe$¥ gilisttaté rcheﬁck\agéecéraberba‘rr@mno@t d.efa BReld esAtdRfthdrotn
each neasurenment at intervals of several hours Figure 12A). The

i mges sho@deliign, the Mmersyrament &anobet%ne@mtn@t eleef ter@perra.turesmnd
i n an OLED %%Eﬂ%e [ 00141] The optical properties of the cal cium
sensor Werg monitored using a UV-3101 PC W-VIS-N R scanni ng

spect ridphot orret (0044 nFigdrdMBAdpict2a tEspeelewhizB conopviseshe cgnaitiontl gas

reflectivi E:Mar%{)e}' B?ov?c?‘elzdc 'LVHH]2S§£II?SO{)f Sass n (gtguand out}ets The chamber comprises

a test specimen clamping section located at the middle portion of the chamber.

In order to carry out a measurement in the test chamber, the test material is first

cut according to required the dimensions. The sensor is fabricated without an

20  encapsulation onto the test material according to a method described above.

When the test specimen is inserted into the chamber and clamped at the

clamping 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 mixture enters the chamber via the inlet

25 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

30 conductive frack 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




intervals of several hours on 5 different |ocations on the sensing
elenment. It can be seen fromthe graph that the neasured refl ectance
at each location of sensor renmains sane and does not show any
substantial variation. Therefore, caIC|%n1 oxi dation appears to be
uni form across the sensor and the drop Th reflectance 30 confirns

that the dgnalyrescah meedstirgithexesiatanes et d/fndise dpbélyieh-regpbeitelly. The
pr ogr essi on. gﬁ [00142] It can be seen that the cal ci um sensing
t

el enent f aftelic@ngs qu'eaﬁt%loe@%m@@ecf@raat@ﬂa?@ £an g Yer:te Salculate
uni forn di ngly, the
decr easeyl n g‘?rle\}(%ﬁé iutg %%'u{crfa%{%go” B F@ﬁ&g@ﬁsoéﬁq@@n bg Zor rel at ed

to the correspondi ng decrease in thlckness of the sensing 5 elenent.
Exanpl e 11: Measurenent 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 humdity 10 chanber but
also in a customnade test cell. The present invention allows the
measur enent of perneation 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 nmeasurenment 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 chanmber conprises a test

speci men cl anpi ng section |located at the m ddle portion of the
chanber. 1In order to carry out a neasurenent in the test chanber,
the test material is first cut according to required the dinmensions.
The sensor is fabricated without an 20 encapsul ati on onto the test
material according to a nethod descri bed above. Wen the test
specinen is inserted into the chanber and cl anped at the cl anping
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 B is 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 suitable RH probe nonitors the relative humdity.

[ 00145] A suitable electrical feed- throH h can be used to connect the
30 conductive track to neasure resistance and 1/f noi se spectrum The
wat er or oxygen nol ecul e that perneated through | ow gas perneability

test subst Isﬁt!ga:lgeéﬁéﬁmﬁjﬂé'the cal cium sensor. Constant source neter
and digita zer can neasure the resistance and 1/f
noi se spectrumrespectively. The rate of change of resistance and
noi se characteristics can be used to cal culate water vapour or
oxygen transpbr & gengoeferiresasiringgas pstméability of 4 testaatdrial Gompiing:S:
1. A sensor for neasuri n erneab I|t of a, test

i al,
conprising: an el ectrfR& Cg”%%l d'“l.?@fjW e@%‘?\@r’fﬁ%%%@%ﬁ’“@é@r

a waters 5 and/ th@#bﬂ?@eﬁ@@ﬁéliwé/mﬂ@ﬁ:ﬁrWP:bre[rWﬂ% %d&nbh%f%%%hfé?{a@f
said nateri al W t r or oxy when t he sensi ng el enent

contacted with mthemateaﬂﬁ@wgaﬁwgem the:seinsing ielereenitiacgotacted Wﬁh water

ol cctri cal 1y cofitiel Ve raste A& MBI TNE Slocir Lol e g

t hat supports tbgnﬁﬁgygpgeml enent, and a liner layer interdisposed
bet ween the sensing el enent and the base substrate. 2. The sensor of
Caim 1, wherein the ¥eeleetadss glasiicpdy sospeeteddp tha seasingelement,

bet weepy  he sensi ng_ el eaenly ABKaANSt SGAdEAhe S SRRg o BHEIAPN

nmeans The sensor er and/or- oxygen

sensitive material i a Imer wyeednﬁerdlgpém petngercthiessetding eidment and the
conductive organic 20 ola/ nmetal, netal alloy, netal oxide, and
m xtures and combi nat? tPEHEert%of 4. The sensor of Claim3, wherein
the nmetal is calciumor magnesi um

2. The sensor of Claim 1, wherein the electrodes provide electrical
15 connection between the sensing element and an electrical signal

evaluation means.

3. The sensor of Claim 1 or 2, wherein the water and/or oxygen sensitive

material is selected from the group consisting of a conductive organic

20 polymer, metal, metal alloy, metal oxide, and mixtures and combinations
thereof.

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

25 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.

30




25 5. The sensor of Claim3, wherein the conductive organic polyner
is selected fromthe group consisting of polyaniline, polypyrrole
and pol yt hi ophene, pol yacetyl ene, poly-p-phenyl ene, and

pol yvi nyl pyri-di ne, thiophene- blpyrldlng copol ymers, pol ypyridine,

pol ybi pyridine, and organonetallic polyphenylenes 30 45 6. The
sensor of Caim3, wherein the netal oxide is selected fromthe group

consi sting of V Cr02 Vh Sn Cd] n204, n2snM
and ZnSnQ3, %ﬁﬁ% Owgé'mhe "‘é@ﬁ@'@cﬁﬁ “%9' gxige is %9'8?‘#@ %Of'bthe
6, wherein the BlRG [RBSRtRGNES NES,, @rﬂog' %ﬁdo%cair\herzc? r@&gﬁ CdinzO,,
material selected fromthe group consis a netal net al’ OXI

and m xtures andngdmdi aadlzcb'I&'IQahend(ﬁnz!l”&Oﬂhe sensor of Claim 7,
wherein the nmetal is selected fromthe group 10 consisting of
silver, gold, alum niumand copper. 9. The sensor of Caim?7, wherein

the netsl 0X|7deTh§ s2RkBEbEANY bABGT Taints 94 acmréw tne é}éctrduas%arhbﬁ‘be
oxi de, alum nium zinc oxide, and indium zinc oxid

sensor of O ai @D elegteallyrcanssichve maialfbgltsed{e@edérmm ithseagrcmpp@nr;amma)f a
t . 11. Th th | t |
corpri ses an 20yl e b ey Bhe ePoli st BE ot one ot 1 ng

of polycarbonate pol yet hyl ene, polythersulfone epoxy resins,
pol yet hyl ene terephthal at e, pol%;t renes urethanes and

pol yacryl at es: 1 T9RNS9E i o laim | wiheraio, t 'hﬂh Inist $Riegledytremi the group
nmat er i EH conpri E?ﬁs@“ﬁ sgﬁs"\’gry‘gﬁ@n’ﬁﬂ'&%é{%m&& ed fromthe group

consi sting of siTico yI'si'l oxane |scyclopentad|enyl
iron, polydichlorophosphazene and derivatives thereof. 13. The

38”;22 eOfsul?st g][l'aé s]:eurlrs%peof E%HIW ) h%rglmbt rer ImeertalI 8%.%5 I];Oéélrggte?infror?l the
group consisting of indium tin oxide, aluminium zinc oxide, and indium
zinc oxide.

15
10. The sensor of Claim 9, wherein the base substrate comprises a polymeric

material.

11.The sensor of Claim 10, wherein the polymeric material comprises an

20 organic polymer selected from the group consisting of polycarbonate,

polyethylene, polythersulfone, epoxy resins, polyethylene terephthalate,
polystyrenes, polyurethanes and polyacrylates.

12.The sensor of Claim 10, wherein the polymeric material comprises an
25 inorganic polymer selected from the group consisting of silicones,
polydimethylsiloxanes, biscyclopentadienyl iron,

polydichlorophosphazene and derivatives thereof.

13.The sensor of Claim 9, further comprising a barrier layer formed on the
30 base substrate.




46 14. The sensor of Claim 13, wherein the barrier |layer conprises a
material selected fromthe group consisting of netals, netal oxides,
ceram ¢ oxides, inorganic polyners, organic polyners and m xtures
and conbi nations thereof. 5 15. The senggr of any one of Clains 1 to
14, wherein the electrodes are |located on a surface of the
substrate. 16. The sensor of C aim 15, wherein the electrodes are

spaced apart, reb 10, .fqrm a trench. 17.. The sensor . .of Caim,
B “heroin 1k TBRrRaNR" o GHam i SerEclie Fering Fyer drinrises 3ghatrel
sensor of any opgleefedCfanahd §RUb’ cohsislMeofCRRAILS iINfdtafdxides, ceramic
encapsul ati on encl osing the sensing el ement. 19.The sensor of Caim

18, wherei n t heO¥idegpsiIoEIanNia eolynerses organi| patymears metnsk i mixtures and
selected fromt ! i.sking of epoxy polyners, 20

pol ysul fi de, si P?’E’%ﬁ‘%@ﬂgﬂﬁ%ﬁ%r et hane. 20. The sensor of Caim19,
wher ei rs t he encapsul ati on provides a hollow space around the sensing

el ement. 25 21.The sensor of C aim 20, wherein the hollow space is
filled with arp-Thersensga®f any ompeofsElaims bitod 4i whein ftbe telestrodes are

conprising a co%gﬁe%ugﬁhrsqﬁﬁgﬁ\%m@%%nggﬁﬁﬁ encapsul ation is formed as

side (lateral) S surroun hg 30 elenent, and the
cover substrate is arranged to be in contact wwth the side (lateral)
wal | s. 47 23. jﬂ;e sensor_ of . Claim 22, wherein the cover substrate
conprises a nér &NESENSR Flelaln 119 whereindhe glctionss are sgaeed gradsthereby
al um nigim and ﬁ)‘?mﬂgdat%n%ﬁ: The sensor of any one of Cains 1 to 23,
further conprising protective

17.The sensor of Claim 16, wherein the sensing element is located in the
trench.

15 18. The sensor of any one of Claims 1 to 17, further comprising an

encapsulation enclosing the sensing element.

19.The sensor of Claim 18, wherein the encapsulation comprises a
polymeric material selected from the group consisting of epoxy polymers,
20 polysulfide, silicone and polyurethane.

20. The sensor of Claim 19, wherein the encapsulation provides a hollow
space around the sensing element.

25 21.The sensor of Claim 20, wherein the hollow space is filled with an inert
gas.

22.The sensor of Claim 18, further comprising a cover substrate, wherein the

encapsulation is formed as side (lateral) walls surrounding the sensing

30 element, and the cover substrate is arranged to be in contact with the
side (lateral) walls.




| ayer covering at |east a portion of the sensing elenment. 25. The
sensor of Claim 24, wherein the protective |ayer conprises a materi al
10 selected fromthe group consisting of a netal, a netal alloy, a
netal oxide, a netal oxide mxture, a petal fluoride and an organic
pol yner. 26. The sensor of Caim 25, wherein the netal fluoride is
selected fromthe group consisting of LiF and MgF2. 15 27. The sensor
of any one of Clains 1 to 26, wherein the liner layer conprises an
organi c polyner. 28.The sensor of C aim27, wherein the organic

pol ymer is sulgstidy isehkyr o?OCl?ﬁm”EQbhﬁhér‘élrg%ﬁe é’(%/er g‘l‘i’bs?c%?éoéonﬁ rises a
Claim 27 or 28, wherein the organic polyner 1s selected rom-t

group consi sti n@\aé@naicﬁ@lectedpﬁ‘pmhe grang pamsistinge of yglass, palLylmrerum ar
30. The sensor o% % one of Clainms 1 to 29, wherein the liner |ayer
conprises an in ?@g Ic polyner. 31.The sensor of C aim 30, wherein
the inagFganic polyner conprises a 30 silicone- based pol ymer. 48 32.
A net hod of produm ng a sensor for neasuring ﬂermeabi lity of a
test materi a4 W S R @yYORs pEClaimsg tov2 |f|h|§ &r bagwrisingsa psetective

ot SupRort s MeaEEhRLATEAL AP Rk LR SATBRL 35,2 o

sensing elenent that conprises a water and/or oxygen sensitive
material so _that the liner |layer is interdi sposed between the base
substrate and?®-f i@ seBsRf dig-laine #dnivherejnitae peoteckvecleyet compdsesadmaterial

conneciy ng the gLigeflyl fah Yhe PO IdohSisBRISHNE HbEIEAL mefaiSAdl, RAlietal

of electrode
oxide, a metal oxide mixture, a metal fluoride and an organic polymer.

26.The sensor of Claim 25, wherein the metal fluoride is selected from the
group consisting of LiF and MgF,.

15
27.The sensor of any one of Claims 1 to 26, wherein the liner layer
comprises an organic polymer.
28.The sensor of Claim 27, wherein the organic polymer is substantially
20 permeable to gas.
29.The sensor of Claim 27 or 28, wherein the organic polymer is selected
from the group consisting of acrylic polymers, and parylene type
polymers.
25

30.The sensor of any one of Claims 1 to 29, wherein the liner layer

comprises an inorganic polymer.

31.The sensor of Claim 30, wherein the inorganic polymer comprises a

30 silicone-based polymer.




33. The method of O aim 32, wherein the el ectrodes are deposited on a
surface of the substrate. 15 34. A system for neasuring the gas

perneability of a test material, said system conprising a sensor for
detecting noisture perneation through jée test material, said sensor
conprising: an electrically conductive sensing elenent that conprises
a water 20 and/or oxygen sensitive material, wherein the reaction of

contacted w 117 v rRBL R PRIOEREE bl S8 o i g e pSIREIRS o o test

el ectrical condupitenall yaigfméthed copisisieg:el ement, and two el ectrodes

electrically connected to the sensing el ement, 25 wherein the

el ectrodes provi dePreviding ﬂé&!secﬁ-ih‘ﬁé@gﬁi dhatosinRests a Isensisgselagent pagethat
and an el ectrical 5] ifs s, a base substrate that
supports the sensifﬁgﬂéﬁon@éﬁ%é%%cqﬂgrg&%ﬁr | ayer interdi sposed between

the sertsi ng el enerdepasifinghen lbselisebssyat en Hectfcal§d odnaattiny sdnsing
determ ning the gas perpneability of a test material using a sensor
for measuring gas $¥NRELHIAL GOMRfisasha walst ang{ar Paigenssensitie, gwterial so

conprising: an el geby iAlihet @9@%%&@@;5{3&%&%@@% b 3@8&%583%

a water 5 and/ or oxygen sensitive na e reaction of
said material w tHhewsahsingmlermepgen when the sensing elenent is
contacted with water .and/or ox n results in a change in the
el ectrical conductqrwlaﬂf’gotf”otﬂgc .+ el enent, and two el ectrodes

el ectrigal Iy conneghnpdcfigy iHee ef@d%@éd?l?ic?n%ﬂ@me sé\’ﬁ?rﬁ%lelémé& tb '%%fd pair of

el ectrodes provide el ectrical connec n between thé sensing el enent
and an el ectri cal e¢graeseval uati on neans, a base substrate that
supports the sensing el enent, and
33.The method of Claim 32, wherein the electrodes are deposited on a
surface of the substrate.
15
34. A system for measuring the gas permeability of a test material, said
system comprising a sensor for detecting moisture permeation through
the test material, said sensor comprising:
an electrically conductive sensing element that comprises a water
20 and/or oxygen sensitive material, wherein the reaction of said material
with water or oxygen when the sensing element is contacted with water
and/for oxygen resulfs in a change in the electrical conductivity of the
sensing element, and
two electrodes electrically connected to the sensing element,
25 wherein the electrodes provide electrical connection between the sensing
element and an electrical signal evaluation means,
a base substrate that supports the sensing element, and
a liner layer interdisposed between the sensing element and the
base substrate.
30




a liner layer interdi sposed between the sensing el enment and the base
substrate 15 wherein said nethod conprises: i. contacting the sensing
el emrent with water and/or oxygen; ii. neasuring the changes in

el ectrical conductivity of the sensing4glenent over a period of

time; and iii. calculating the gas perneability coefficient of the
test 20 material based on the neasurenents. 36. The nmethod of C aim

oot o cnnc LI JESEUT i 8 PSR b oS BFusg
sensor for measuring gas permeability of the test material, said sensor
comprising: ,
an electrically conductive sensing element that comprises a water
5 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
10 the electrodes provide electrical connection between the sensing element
and an electrical signal evaluation means,
a base substrate that supports the sensing element, and
a liner layer interdisposed between the sensing element and the base
substrate
15 wherein said method comprises:
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
20 material based on the measurements.

36. The method of Claim 35, further comprising measuring the change in 1/f

type noise spectrum density over the period of time.

25




