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Thin film transistors (TFTs) have been widely used in the recent years to
reduce physical dimensions of electronic devices and to minimize the
fabrication and assembly costs of the components. TFTs are thin current-
carrying layered structures that can be made using traditional semiconductor
technology. It is believed that such thin integrated structures may make
possible breakthroughs in electronic technology for the construction of
electronic components on plastics material, to attain lightweight and flexible
features for the next generation of handheld electronics. In particular, thin film
transistors are expected to make a significant impact on the display industry
when plastic substrates are used in place of glass to create thousands or

millions of lighting pixels.

For example, consider the case of presently known OLEDs (organic light
emitting diodes) which comprise, in order, on a glass substrate, a transparent
anode layer, a hole injection layer, an organic light emitting layer, an electron
transport layer, and a metal cathode layer. Efforts are presently been made to
produce an OLED which is an analogue of this known OLED in which the
glass substrate layer, which is generally inflexible, is replaced by a flexible

light-transmissive polymer layer.

Development of thin film display technology faces the challenge of

degradation due to the damage to the electric circuitry layers (for example to

on



25 light-transm ssive polymer |ayer. Devel opnent of thin filmdisplay
technol ogy faces the chall enge of degradation due to the danage to the
electric circuitry layers (for exanple to 2 an organic light-emtting

| ayer) caused by noisture perneating through the plastic substrate.

Fl exi bl e plastic, commonly known as pol yner substrate, unlike glass,
contains mcro pores because of its soft material structure. Gases such as
wat er vapour and oxygen in the anbient at&osphere 5 surrounding the TFT are
likely to transmtted through the plastic substrate via these openi ngs and
harmthe electrical circuitry layers. In nost sensitive electronics
conponents, noisture perneation affects the material properties leading to
undesi red faidrisigyafdic IgHiepnittinggaléd @ased B nidisise peAhsatimtpthrodgiieid on or
other forns of deterioration occurs on those thin structured |ayers. 10
Mich resear ciplagtic sistraterfrexiblegplastia cagernly kaowdoas pelymes shbstrateat i ng f or
pol ymer subst | 10 | efdf.ec i t hr ough

t he substrat e@%??ﬂlénst%sf% bh@é@%éggﬁgﬁ‘?%h?%/&gf&i '%’oérogtaﬁ%gzeqﬁl gﬁ?ﬂé@é&r s such as
Al um num Oxi dBasey suchoas Wateteuapdue and dxggenat #ié Anbieneatmodpiegeof the 15
pol ymer substrate to prevent penetration of water nol ecules. Neverthel ess,

f
i nor gani c%oa?ﬁ”;%‘@dm @ﬁ_ -@:6-59_5? bKedy &bk@”%’ﬂit@ﬁﬁtﬁo%\'tﬁﬁ Rigstigesithstrate Mia
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perneation is occur rou arri'er”coatl ng. n order to
eval uat e t he eddtaanics eompsoneiitsy moisiue permmaatioh dffects the matariahgropmenties hus

Kk i bl .good I f b ' tjng, | yat i toql i
necaed to deteadiNne uaRBRIRT BHUPCPHESEeR e WEGH 4R 1313e{e g Sffatounen
provi ded wi t by @ﬂﬁlkid?ﬂ%ter@#&thbrﬁoéb@@bhttﬁbéé’ﬁwiﬁ@%Ktu‘?éd [dyRrgroi sture

perneation is essential for fast screening of the performance of coatings
as a 25 fMBisture barrier. Descriptions of such systens can be found in

possi bl ¢ ¢ o dQvRarebhfe BEn Saril R P TRBlonAoBh By BT bhatR®S T
surface of thplgnat suestries tealimmsitd Ondésirbls effsttsiof @ermiation tHrolgl efie
often occurs w thout physical change, and 3 deterioration may spread

qui ckly when St“lbé"ﬂ@_sr rémSégag%_ U!’%“X/\Bfriﬁofﬂﬁm‘aﬁ'@"' layeesgy@has ambi ent

condi ti ons. %ﬁﬂndﬁh%&@be,‘@iﬁ@@ﬁbx%,'e%c.f‘é’rteétfa‘?é&bfw%ea&r?d%e hgation
techni que. 5 ternative, and nore successful evaluation techniques are
based on1feaquolymer silestrade te ptevent pénetoatidruofewteo maleéulest Newvdrthadess, gas to

SRRt T TRLCRIES TS TR
met hods are hAseE iRherReLdRs v hBAMBRARIOPRRESs tTHRirefhé Sliie? pofehion N t he

second 10 vol une of gas can be easily determ ned by neasurenents of either

t he pressur e iglisglydo oacumibregioie hasrieneoalinggas, or nmass differences in the
second vol unme of gas neasured using a mcrobal ance. However, when these

met hods are used to eval uati on noisture perneation through |layers with | ow

perneati @o, tiherd@ttoasialsatefties effeciveneas of paablei@Mswf Dagnel coading, hadt he
thus make possible a good choice of barrier coating, an evaluation tool is
needed to detect the amount of permeation through a polymer material when
provided with such coatings. Such a quantitative check of the moisture
permeation is essential for fast screening of the performance of coatings as a

25 moisture barrier.

Descriptions of such systems can be found in scientific and patent literature.
For example, in principle, it might be possible to estimate the level of moisture
permeation by inspection of the surface of the coating, but corrosion of

30 sensitive thin film layers often occurs without physical change, and



15 inperfections in the testing equipnent and in the testing conditions,
probably due to transfer of test sanples. O her sensitive testing nethods
usi ng el ectromagnetic radiation (e.g. mcrowave, or infra-red radi ation)
can accurately determne the | evel of water nolecules in the second vol une
of gas. However, such techniques have di sadvantages fromthe point of view
of 20 operation safety, and al so i nvolve high equipnment costs. In sunmary,
moi sture permeation eval uati on techni ques3which are |ess vulnerable to
experinmental error generally incur costly hardware or conpl ex eval uation
procedures and control of process conditions in order to achieve 25

preci sion detection. Furthernore, all known detection techniques require

that test piergsrigrhtibhendipsrerd uiekly WhenBé eairidr rasistdnestise dori oat gaeci al
test location within specialist equipment; for exanple, it is not feasible

to nonitor tHe exyesIaRmbRET FeReitions ofhusavisual insaeetiomis natinreferiedas aai ng
processed inteqla]{F'[-oq;{ﬁgﬁﬁaﬂeThus, there is then a demand for a techni que

that is both si npelle i nexpensive, and preferably suitable for on

line nmonitoring of perneation accurately w thout conplex anal ytical tools.

Summary of The I nvention The inventjon aing to provide new and usef ul
net hods afd ﬁtﬁre@‘é"%&”gﬂ“ﬁ{ﬁ %W@S@E?@F?W tqc%”t%{etsi%’ﬁl edigf et hods and

devices to dehex 'rg@rtyngfpé%%n% n‘iH?étﬁLé’erni"ﬁ'?iFé?vBﬁfn‘?@%?@é% ;&5%&&&

| am nar noi sture noi sture barrier 1I's conpose a | am nar
pol ymer substvolitree afigaaswheh yhafirst aadtsecard yolumesjofigad aseeseparatedgmner al

ternms, the present inventig@n propo t hat, a _capaci i.s formed on one

surface (nor ﬁﬁ?l%ﬂyeé OE '%R‘self? rg?eé%(ﬁﬁy '% t??feb%mefgﬂfeégb@br@?@.@?ﬁéeot her

(uncoat ed) siytpeafort the WAI-KABWN PHBRbARINBNItRaemBRYAE [6¥eldh Bvidcomient 15

cont ai ni ng noi sture. The capacitor includes a water absorbent material as
t

the di el Bt rivelurse of gas cas hroeasiyrdetpnined bymeaswagenthef aiertoee barrier
measur oment | oF EACEEaGe M hE SER RS b a8 of s MREEE In fecat i on of
t he anount ofsegohdtveliuamaof ghs hesaspaed ading e mitgbbalaacetowever, bhdveni these

methods are used to evaluation moisture permeation through layers with low

permeation, the methods suffer from unacceptable error levels due to the

15  imperfections in the testing equipment and in the testing conditions, probably

due to transfer of test samples. Other sensitive testing methods using

electromagnetic radiation (e.g. microwave, or infra-red radiation) can

accurately determine the level of water molecules in the second volume of

gas. However, such techniques have disadvantages from the point of view of

20 operation safety, and also involve high equipment costs.

In summary, moisture permeation evaluation techniques which are less
vulnerable to experimental error generally incur costly hardware or complex
evaluation procedures and control of process conditions in order to achieve
25 precision detection. Furthermore, all known detection techniques require that
test pieces of the moisture barrier material are tested in a special test location
within specialist equipment; for example, it is not feasible to monitor the
moisture permeation of barrier material while it is being processed into TFT

devices. Thus, there is then a demand for a technique that is both simple and



20 Thi s proposal enables nonitoring of mcro-scale perneation because it is
possible to determ ne the noisture concentration accurately by neans of

el ectrical detection signal applied to the capacitor. 25 The capacitor
structure is typically constructed as a lamnated thin filmstructure. It
conprises two conductive filnms sandw ching a water-absorbent dielectric

| ayer. The proposed architecture nakes possible uniformdetection by a
capacititor having a large area and a fix®d narrow separation of the

el ectrode layers, to maximze its sensitivity. This permts a board
detection 5 range of noisture level for nmultiple scales of wetness
density. In addition, a slight change in material property triggers a

signi ficant desspeinisive, | anceipeeferalsipl suiaby ifor oaf lihdemoniteririg @f , pernddtiah
enbodi mrents of the invention may be highly sensitive. 5 Here, a desiccant
material is @cer@telyvithout gempley aralyticaltegler due to its strong water
absorbing ability. Preferably, the dielectric nmaterial is selected to have
a no change igyhiairPBY$he MveiitiBRNsi ons upon absorbing noi sture. 10 To avoid
the desiccant fromtaking up nolsture fromits surroundings, it is
preferably surrounded by a highly effective water-barrier in all directions
except the orldefiguentipn ag Wspronislemave and aisefid methods pod deyices fee t est ed.
Speci ficaLly, ighly-effective water barrier such as glass plate may be
provi ded %Sn m@sﬁiﬁiﬁﬁﬁ%@ F'c:apaci tor structure facing away fromthe noisture
15 barrier. Additionally, a high-barrier sealant is preferably provided at
the inner edges of the water barrier plate, providing a wall to_ reduce

noi st ure penéf Patticarrthemethpds and savices. todetemiige g amoyat abeistuie of

nmoi sture intq . ' (Il il LS j Sfel At o the
dielectric t&\f%{;}gﬁgt égt%n%itéfodjtgg %%ﬁ'béﬁ oiﬁﬁﬂ%bgfgéw]@é% pr o;e)t)is%ed
struct ure nalcempdsepass bhenaopapmier sulbstpateiamenisaially @ teast onbeoatinguct ed at
hi gher tenperature and pressure settings than in conventional techniques,
which i n1Pur '@®&ccel erates the water perneability of the noisture barrier,
and thus shortens the period required for noisture perneation 25

eval uation. A conventional deposition nethod may be used to provide the

| ayers of In general terms, the present invention proposes that a capacitor is formed on

one surface (normally a coated surface) of the polymer substrate. The other
(uncoated) side of the polymer substrate is exposed to an environment

15  containing moisture. The capacitor includes a water absorbent material as the
dielectric, so that as moisture permeates through the moisture barrier it enters
the dielectric and changes its dielectric properties. A measurement of the
capacitance of the capacitor thus gives an indication of the amount of
moisture which has passed through the moisture barrier.

20
This proposal enables monitoring of micro-scale permeation because it is
possible to determine the moisture concentration accurately by means of
electrical detection signal applied to the capacitor.

25 The capacitor structure is typically constructed as a laminated thin film
structure. It comprises two conductive films sandwiching a water-absorbent
dielectric layer. The proposed architecture makes possible uniform detection
by a capacititor having a large area and a fixed narrow separation of the

electrode layers, to maximize its sensitivity. This permits a board detection



conductive film Furthernore, a conventional deposition nethod may be used
to provide the desiccant |ayer. Thus, the proposed device can be fabricated
at 30 | ow cost. 6 5 10 Furthernore, the capacitance neasurenent enpl oyed
by the present invention can be perforned by a sinple independent nodul e

I ncluding an oscillator, an voltage anplifier, an denodul ator and a
recorder. No sophisticated testing nodule is necessary. Note that the
proposed noi sture detection device resenftes the structure of thin film

el ectronics transistor. This leads to it having high accuracy in predicting
the ability of the noisture barrier to performwhen subsequently utilised
inathin filmelectronics device. Furthernore, the present invention makes
possi bl e i n- sage obhisine Ipesifeririultiplel stalest ioh wethédsodensityen agdition,i@n and
handl i ng, and _can be perfornmed while the noisture barrier, to b? tested is
in any ori entlightshangs insaaterialpioperty friggers@ %&@ﬁ@%@%@imlﬂ@ ¢tUlti on i s
a met hod of i i ' am | re
Parri o, { he SELPHGHCE e PaRERH SoAnBrLBALIAEh s of B NBNGR IR bS R,
noi st ur e bar sepsitivehe capacitor having a water absorbent nmaterial as the
dielectric; 20 exposing the other surface of the noisture barrier to an
envi r onment I ncl udi ng noi sture; and neasuring changes in the capacitative

charact eri stifge04 delRcEAPRGIIR is Pref@iféds NP HRRT 2Ybr HOE tb R¥@Bohgn 1S 2
noi sture perneati on neasurenment 25 device conpri sing:
water absorbing ability. Preferably, the dielectric material is selected to have a

no change in its physical dimensions upon absorbing moisture.

10  To avoid the desiccant from taking up moisture from its surroundings, it is
preferably surrounded by a highly effective water-barrier in all directions
except the one facing towards the moisture barrier which is to be tested.
Specifically, a highly-effective water barrier such as glass plate may be
provided on the laminated capacitor structure facing away from the moisture

15  barrier. Additionally, a high-barrier sealant is preferably provided at the inner
edges of the water barrier plate, providing a wall to reduce moisture
penetration from this direction. In this way, the movement of moisture into the
dielectric is confined to moisture which passes into the dielectric through the
moisture barrier being studied.

20
The proposed structure makes it possible to enable experimental tests to be
conducted at higher temperature and pressure settings than in conventional
techniques, which in turns accelerates the water permeability of the moisture
barrier, and thus shortens the period required for moisture permeation

25  evaluation.

A conventional deposition method may be used to provide the layers of
conductive film. Furthermore, a conventional deposition method may be used
to provide the desiccant layer. Thus, the proposed device can be fabricated at

30 low cost.



a |lam nar noisture barrier; and 7 a capacitor formed on one side of the
noi sture barrier, the capacitor having a water absorbent material as the
dielectric. Brief Description of The Figures 5 Preferred features of the

i nvention will now be described, for the sake of illustration only, with
reference to the followng figures in which: FIG 1 shows the designed
construction of device according to the invention; FIG 2 shows apparatus
used to nake a nmeasurenent using the 10 d@vice of FIG 1; FIG 3 shows in
nore detail the circuitry of the tester nodule of FIG 2; FIG 4, which is
conposed of FIG 4(a) and FIG 4(b) shows the perneation of water nolecul es
into the device of FIG 1; FIG 5 exhibits the relationship between the
neasur ed capamrmnnm@r@,rtﬁlebépébimcew@és@eﬁ%rit@ﬁmcfildgyddﬁbphmé Rs@fvi ce of FIG
1 is exposed to a high hum dity environnment; an |G 6 exhibits the

rel ati onshi p ib@nkiearranke reifetied by griiemie wagprendent modyledngudingdn n whi ch

the device ofyskfiGtorlah YoREGO SRS, AnHodlHHtoH ahY £REFANTRA! -

sophisticated testing module is necessary.

5
Note that the proposed moisture detection device resembles the structure of
thin film electronics transistor. This leads to it having high accuracy in
predicting the ability of the moisture barrier to perform when subsequently
utilised in a thin film electronics device.
10

Furthermore, the present invention makes possible in-situ moisture
permeation detection without user operation and handiing, and can be

performed while the moisture barrier to be tested is in any orientation.

15  Specifically, a first expression of the invention is a method of measuring the
moisture permeation through a laminar moisture barrier, the method

comprising:

forming a capacitor on one side of the moisture barrier, the capacitor

having a water absorbent material as the dielectric;

20 exposing the other surface of the moisture barrier to an environment

including moisture; and

measuring changes in the capacitative characteristics of the capacitor.

A second expression of the invention is a moisture permeation measurement

25 device comprising:

a laminar moisture barrier; and



20 Detail ed Description of the enbodinents Referring firstly to FIG 1, a
lam nated thin test structure 100 according to the invention is shown. A
pol ymer substrate 101 is shown coated with a barrier 25 coating 102. The
device is for studying the noisture perneation of a noisture barrier nade
up of the conbination of the polynmer substrate 101 and barrier coating film
102. Note however that alternative enbodi nents of the invention may be
produced which are used to study the noisfure perneation of a 8 polyner
substrate 101 without a barrier coating, and in those alternative

enbodi nents the barrier coating film102 is omtted. A thin |ayer of

el ectrode film 103 is adhered onto the barrier film 102 by 5 conventi onal
sputtering deposi td eapaditofforaridUon 6he RS of the méistire bafrie dtHehedpdditer

el ectrode film 103 is made of high electrical conductive material and has a
t hi ckness of hayindhawaterghsosbentmaleniabasithe digledtlie material of the

el ectrode | ayer is chosen such that it has stable chem cal properties so
that it will not have a di sadvant ageous chemi cal reaction with the coated
barrier fil mBraef&estpti®? of &#hd Fidueesso that it will not degrade when it is
exposed to noisture. A thin layer 104 of non-conductive, porous desiccant

material s Sit a traditiopal osition technique on the first

ol ot r odeS T ayaproTtest featirepicniie v alfive ndl By be eheeBadet i saegb, 104
functions as jifystia@ibf Gnly, witteérahic@ o tHd follSWHEAQIreS th Whadh: t he dielectric
material is selected such that it 15 absorbs water nol ecul es quickly when
exposed to them Tygi dahows thealasigneseonstruglien ohdevige ancemingto e not nore
than 5 m cronﬁ\}%ﬁ% .Furthernore, the desiccant |ayer 104 should preferably
have a smoot NS QCe after deposition, and should not have an adverse
interaction with tHhe. elseiwsosispdraierustddo riakd heneasremieheusingithgant

mat eri al shoul d have good 20 chem cal properties so that it wll not
deteriordfe &e_V&%Qfg':é f1$ physi cal dinmensions when it absorbs noisture.
Before the desicoai hayRiusiiind dABPHd Bfbuitrd of heleSlet G e bigig e bul k
desiccant material bé warned at a hig enperature to release the norsture
it contains. 25 AHR6cdndahahestcoaymsedahFIG54 & )randdflG. d(bhehdws thte el ect r ode

103 is coated onto..the_desiccant |ayer 104, to s wi,ch the desiccant |ayer
T04. By appr BsTTERLOR R bETe HRRCUER!Elo Bt TGSt r ode 111 me 103, 105
is arranged to in¢Hgdg exhisitsahe rafafisnship HetwBers R a8l RRScdRititABce BAd

anot her and spaced apart by the desiccant |ayer 104 which is shaped as an

i denti callSsqiime evesa. pgdTinyY)ich Hie deviae of st 1 snexpsisedHe aehigbthusaidity ayer s
103, 105 and etnr\}ﬁoﬂ%sé'n‘f;ca%rg

FIG. 6 exhibits the relationship between the moisture content and time,

over a period in which the device of FIG. 1 is exposed to a high humidity
environment.
20

Detailed Description of the embodiments

Referring firstly to FIG. 1, a laminated thin test structure 100 according to the
invention is shown. A polymer substrate 101 is shown coated with a barrier
25 coating 102. The device is for studying the moisture permeation of a moisture
barrier made up of the combination of the polymer substrate 101 and barrier
coating film 102. Note however that alternative embodiments of the invention

may be produced which are used to study the moisture permeation of a



9 | ayer 104 together have a capacitor structure. Furthernore, each of the

| ayers 103, 105 additionally a respective |ead portion 103a, 105a by which
an external voltage can be applied to the respective square portions of the
el ectrode | ayers 103, 105. The lead portions 103a, 105 are for connection
to 5 an external tester nodule 203 (shown in Fig. 2). So far as possible,
all layers should be deposited free of inpurities, which may introduce
errors to the detection. These |ayers areSpreferably forned in vacuum
Shortly after the test piece is renmoved fromthe vacuum a thin glass 10
slide 106 is placed above the upper electrode |layer 105 to cover this flat
pl anar sandwi ch structure. The glass slide 106 constitutes a noisture

i nper meabl e Ippfahef sulistrdt@vONWithol@aBatier ERitigahh@n tise! aldistiveover than
that of the noisture barrier, at least 10 tinmes lower). Preferably

| . €.g. at . .
this is perf&mnRefimenimthenkarsdseaoatinentier 1@ isg@mitteidi h nitrogen gas to shield
of f 15 noisture as well as surrounding contam nants. An ultraviol et-curable
epoxy 107 is then applied at the edge of the glass slide 106, and cured
usi ng ul travifothit ldyieglof eletiredeitmyl 0BOE gaihevediestoathe datrmier fimal 02byt o

restrict noisture perneation. |y the lead portions 103a, 105a of the

el ect r ode?| af@ﬂge@ﬁ@?ﬁqg%gef‘%g&@gﬁb@” Hha VapuurphamRes. I‘%ercfﬁrée_ hatne .
Toaded i nto Aok @RReAREIAER Y BTAGh e AREAGHAgheh SRy iRy 400 1 ©
mai nt ai ned atthiakkessof matl raoietdah Gtiodim. yn additbenﬂmmat&rhal oéthe elgctrode

S L SO I SRR, FLAGARE
nmeasur enent tRybey di%ﬁdﬁérﬂa%’@@us _ 'rﬁh:a]f?ébr?@@h%ﬁh ﬂw@%cﬁ\wgﬁrrileg lflilrﬁqfayer

dielectric material characteristics of the desiccant | ayer when wat er

mol ecul ed0t r A2, andrabsxsse Hathwilinot degerdenyhen it is srpesedtosmpistursi ¢ thire
sensor syste ed 9. C : i,ad]
recordi né of W%)ﬁégn‘c a%#gﬁed,;,m?ﬁn%t'te EEB%?@%?%P r%lggn{rr@ta yl}aglﬁgaéﬁ%ﬁ@td g‘ﬂ gsti CS.

10 The basi c teditioral depositibh eechmiqiccon theefiah ectrede dayertidd ia a2bighconnect ed
to the test conposite 100 is descri bed as i&SFI G. 3. An AC electrical

vol tage i s gdREHEMERNAUOSWHephhe desigepntiayern 104tnctiong ag adjalestic of the AC
voltage s 5 MalibfiH. & @prBfridtRepHE I ERAM AERMaI & Sdebibteuch thagyi de an
oscillating current signal at a desire requency. e current 1 nduced by

t he appl éd \abisbeigewaterimalstalds loyickly whph iekpese@ttheed. onygpidadiyntheappl i ed one
of the el ectrpde Iaf’/] rs 103 Q‘hiﬁfl(%é agd this ingg.)tS sianal serves as an
excitation t SCSELATHEYERBARABICKAPSH LU YN MLAMEY Sy er 104, The

vol t age out pwyrfHepiotd) thBleaiddant Ry EL1 09 dRoliIaYREfdrablgMRVEd doofnd an

i npedance spectrumis produced fromthe voltage devel oped between the

el ectrode | aypérfacamdter sepasitiepraickshawd inelihave antaserseiniarasiomyitsitdee in

the test co ' i on, ] ! C d

cqui pront - nor ettt 0 (AR inp sl doREL PRy ShEL I S e
capaci t opg 10Zheiiidal ptOperties dotthatsie wilbhstedetotioaes oaciarijd ks physidalby neans of
a filter 303 to give a purer sir%nal. Subsequently, the output current is

converted t o 4MEBFiPBS YaiRN ihgbarroscroisiyre dRefops the desieeantiavar 1Bdas A
corpar at or 3%Ipbt%g§d,qffs%rg?é?SEIeQng@lﬁsodlwdé@i?cﬁ@h%@riél be Wa?%ﬁtét%stg@h the

desi ccant | aye 0 give an I ndication o nol st ur e absor in

t he capaci t otermp@8ratusito relEaseAbeimeisturaiittantaigs.of t he dynami c current

out put of the capacitor 103, 104, 105 helps to provide continuous detection
during the noi sture aggression process, whereby the increase in noisture

content ogn Besesuttd aBktrddé BRA 188GimPACI0ARE fiPdt eGtriiR 3 is2Bated\ony | es of
digital detection values can be presented b&/ .
the desiccant layer 104, to sandwich the desiccant layer 104. By appropriate
masking processes, each of the electrode films 103, 105 is arranged to
include a square area, the two square areas facing one another and spaced
apart by the desiccant layer 104 which is shaped as an identical square area.

30 Thus, the square portions of the electrode layers 103, 105 and the desiccant



25 conputer 205 to identify the profile of the characteristics of the
dielectric |l ayer when noi sture penetrates the barrier coating 102. The
operation of the structure 100 will now be explained with reference to FIG
4, which is conmposed of FIG 4(a) and FIG 4(b) which shows a portion 30 of
FIG 4(a). The plastic substrate 101 is exposed to an atnosphere 2 having
11 a high humdity. Water nolecules 21 in the atnosphere 2 gradually

per neat e t hrough the polynmer 101 and throlgh the barrier coating 102 over a
period of exposure at high hum dity environnent, and these nol ecules 21 are
entrapped and stored in the desiccant layer 104, resulting in a change in 5
wet ness density of this nedium This increase in noisture changes the

el ectrical chajerctoartogbttes Haled GARMIH! StriGMAY. ROdhathsine, 686h bifHeuence of

an alternating electric field when an oscillating signal is applied at the
el ectrode | ayayers 103, 100mdditipnaliyreuaspestivedead pertion ti3as[186atiycwhichyan
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mol ecul es 21 efentrrtd layeish3, 105pThe |eadpoitions MO3a| $05 are tsrroonhieetidrytof t he
di el ectric nmedium dua? t o noi stenin (?Z‘f th,elégli electric layer 104 tends to
reduce the elPBc@X¥erd fester maduiecs) oWndpii8de- | ayers 103, 105. 15 This
phenonenon can be distinguished in the formof neasured capacitive val ues
over time, as shown in FIG 5. The capacitance is according to the
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used once.  yjtraviolet light. The epoxy 107 provides an extra sealing to restrict moisture
permeation. Only the lead portions 103a, 105a of the electrode layers
electrode layers 103 and 105 protrude from the volume enclosed by the glass
20 slide 106 and the epoxy 107.

The test piece 100 is loaded into a humidity chamber 201 as shown in FIG. 2.
This chamber is maintained at a known relative humidity and temperature
setting to replicate moisture aggression conditions. Fine electrical cables 202
25  are used to link up the electrode layers 103, 105 to a remote impedance

measurement tester module 203, which can detect the change in the dielectric
material characteristics of the desiccant layer 104 when water molecules
travel across the barrier coating 102. This in-situ moisture sensor system can
be linked to a computer 205 to automate periodic recording of the changes in

30 the dielectric material characteristics.



13 Cdains 1. A nmethod of neasuring the noisture perneation through a

1 am nar noisture barrier, the nethod conprising: 5 formng a capacitor on
one side of the noisture barrier, the capacitor having a water absorbent
material as the dielectric; exposing the other surface of the noisture
barrier to an environnment including noisture; and nmeasuring changes in the
capacitative characteristics of the capacitor. 10 2. A nethod according to
claim1 in which the capacitor conprises18 first conductive |ayer forned on
the noisture barrier, a dielectric |layer of water absorbent material forned
over the first conductive layer, and a second conductive |ayer fornmed over
the dielectric layer. 3. A nethod according to claiml or claim2 in which
t he wat er-absorbent 15 material is a dessicant. 4. A nmethod according to
claim1, claim2 or claim3 in which the water absorbent material is
porous. 5. AThethasic sehematingf the r@mpt@ﬂr@@@dam@e estarmedulem0Scarmectethaci t or
i s encapsul a | By I Rgr, . om al
20 directi Ontstggbéé\‘le{s?gggﬁoghéqﬁb% ?ﬁe ol s%%'r%eﬁtggars‘)’r )3,9 A%géle%rhce‘ﬁ?kglgaéé

accordi ng t o igg¥neratstdy agpaven supply whit 801t Tise fregasndy ofthprAQebltags iof t he
capaC| tor _are observed at aﬂgl urality of tines, and used to %uod,uce dat a
i ndi cating t Wariapiesky AR IMpa@ange 'ﬂ“@ésﬁﬂﬁn‘ﬂ% %PEWJP@B‘&F’?@&O #Hingi ne. 25

7. A noi sture ReLIERRLPA ABBSHEITERLeMSY THE GRfEM: intiUé8d by the applied
voltage is boosted by an amplifier 302 before being applied one of the
electrode layers 103 or 105, and this input signal serves as an excitation to
examine the material property of desiccant layer 104. The voltage output from

10  the other electrode layer is amplified, and an impedance spectrum is
produced from the voltage developed between the electrode layers and is

interpreted to indicate the amount of moisture in the test composite 100.

In operation, low frequency interference and equipment noise are produced

15  within the lines 202 connected to the capacitor 103, 104, 105, and these noise
sources are attenuated by means of a filter 303 to give a purer signal.
Subsequently, the output current is converted to a corresponding direct
current by a demodulator 304. A comparator 305 then determines changes in
the dielectric properties of the desiccant layer 104, to give an indication of the

20  moisture absorbed in the capacitor 103, 104, 105. Active monitoring of the
dynamic current output of the capacitor 103, 104, 105 helps to provide
continuous detection during the moisture aggression process, whereby the
increase in moisture content can be constantly read and recorded by a
computer 205. A series of digital detection values can be presented by

25 computer 205 to identify the profile of the characteristics of the dielectric layer
when moisture penetrates the barrier coating 102.

The operation of the structure 100 will now be explained with reference to
FIG. 4, which is composed of FIG. 4(a) and FIG. 4(b) which shows a portion
30 of FIG. 4(a). The plastic substrate 101 is exposed to an atmosphere 2 having



14 a lam nar noisture barrier; and a capacitor formed on one side of the
noi sture barrier, the capacitor having a water absorbent nmaterial as the
dielectric. 8. A device according to claim7 in which the capacitor
conprises a first 5 conductive |ayer formed on the noisture barrier, a
dielectric layer of water absorbent material formed over the first
conductive |l ayer, and a second conductive |ayer fornmed over the dielectric

| ayer. 9. A device according to claim7 df claim8 in which the

wat er - absorbent material is a desiccant. 10 10. A device according to claim
7, claim8 or claim9 in which the waterabsorbent material is porous. 11. A
devi ce according to any of clains 7 to 9 further conprising a noisture

i mper neabl e Izakigh Huntiditfl e atdreholeBeles ¥rifindRe @tmb érémagﬂaméu BfrRga@ay
fromthe noisture barrier. 15 12. A device according to claim 1l conprising
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15 This phenomenon can be distinguished in the form of measured capacitive

values over time, as shown in FIG. 5. The capacitance is according to the

equation,

Area (1)

Capacitance = Permittivity x —
Width

20
where ‘Area’ refers to the surface area of the dielectric layer, and ‘Width'’
refers to the separation gap between the electrode layers. The wetness
density of the desiccant medium rises gradually as moisture penetrates
through the barrier coating 102, and this is reflected by a rise in the measured

25 capacitance, as shown in Fig. 5.

The dielectric properties of multiple standard samples of desiccant having
known respective moisture contents can be used to correlate moisture content

with measured impedance. Given this correlation, the microprocessor of the
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Note that the moisture content measurement of FIG. 6 is a one-time
measurement. That is, the water cannot be expelled from the desiccant layer
104, and hence the measurement structure 100 can only be used once.
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5 forming a capacitor on one side of the moisture barrier, the capacitor

having a water absorbent material as the dielectric;

exposing the other surface of the moisture barrier to an environment

including moisture; and
measuring changes in the capacitative characteristics of the capacitor.

10 2. A method according to claim 1 in which the capacitor comprises a first
conductive layer formed on the moisture barrier, a dielectric layer of water-
absorbent material formed over the first conductive layer, and a second

conductive layer formed over the dielectric layer.

3. A method according to claim 1 or claim 2 in which the water-absorbent

15 material is a dessicant.

4. A method according to claim 1, claim 2 or claim 3 in which the water-

absorbent material is porous.

5. A method according to any preceding claim in which the capacitor is
encapsulated within a structure which inhibits ingress of water from all
20  directions apart from through the moisture barrier.

6. A method according to any preceding claim in which the capacitive
properties of the capacitor are observed at a plurality of times, and used to
produce data indicating the moisture transmitted by the moisture barrier over

time.

25 7. A moisture permeation measurement device comprising:
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having a water absorbent material as the dielectric.

8. A device according to claim 7 in which the capacitor comprises a first
5 conductive layer formed on the moisture barrier, a dielectric layer of water-
absorbent material formed over the first conductive layer, and a second

conductive layer formed over the dielectric layer.

9. A device according to claim 7 or claim 8 in which the water-absorbent

material is a desiccant.

10 10. A device according to claim 7, claim 8 or claim 9 in which the water-

absorbent material is porous.

11. A device according to any of claims 7 to 9 further comprising a
moisture impermeable layer provided over the surface of the capacitor facing

away from the moisture barrier.

15 12. A device according to claim 11 comprising a resin layer sealing the
moisture impermeable layer to the moisture barrier and encircling the

capacitor.



