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been Wi the recent years to reduce physical dinensions of
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" Backaround of Invention

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-

10  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 fiexible
features for the next generation of handheld electronics. In particuiar, thin film

15  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

20  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 génerally inflexible, is replaced by a flexible

25 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



,transport 'l ayer, and a netal cathode layer. Efforts are presently been nade
to produce an OLED which-is an anal ogue of this known CLED in which the

gl ass substrate layer, which is generally inflexible, is replaced by a
flexible 25 light-transm ssive polyner |ayer. Devel opnent 025t0€iTn200gl m

di spl ay technol ogy faces the chall enge of degradation due to the damage to
the electric circuitry layers (for exanpke to 2 5 OCT 2006 2 an organic
light-emtting | ayer) caused by noisture perneating through the plastic
‘substrate. Flexible plastic, comonly known as pol yner substrate, wunlike
gl ass, contains mcro pores because of its soft material structure. Gases
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10
Much research has been carried out to develop a good protective coating for
polymer substrates to eliminate undesirable effects of permeation through the
substrates. In most cases, a plurality of inorganic film layers such as
Aluminum Oxide, Silicon Oxide, etc., are coated on one surface of the
15 polymer substrate to prevent penetration of water molecules. Nevertheless,
inorganic coatings often contain cracks or other forms of deposition defects
due to imperfections in their formation process. Therefore, water permeation

is likely to occur through the barrier coating.

20 In order to evaluate the effectiveness of various forms of barrier coating, and
thus make possiblé 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



is I'ikely 'to occur through the barrier coating. 20 In order to evaluate the
ef fectiveness of various forns of barrier coating, and thus nake possible
a good choice of barrier coating, an evaluation tool is needed to detect

t he anount of perneation through a polyner material when [reoQCTe208M t h
such coatings. Such a quantitative check of the noisture perneation is
essential for fast screening of the perfdrmance of coatings as a 25

noi sture barrier. Descriptions of such systens can be found in scientific
and patent literature. For exanple, in principle, it mght be possible to
estimate the | evel of noisture perneation by inspection of the surface of
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wi t hout physi cal change, eterioration may spread
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condi tions. Thus Vi suh nspection is not preferred as an eval uation

t echni que. §V§\F?E?H§?9\}3qu%nd nore successful evaluation techniques are

based on neasuring the perneation of noisture froma first volune of gas

to a second volune of gas, when the first and second volumes of gas are
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W th 1ow  phased on the well-known phenomenon that moisture levels in the second

10  volume of gas can be easily determined by measurements of either the
pressure change in the second volume of gas, or mass differences in the
second volume of gas measured using a microbalance. However, when 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 teéhniques which are less
vulnerable to experimental error generally incur costly hardwére 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 matefial while it is being processed into TFT

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



.perreation, the nethods suffer fromunacceptable error |evels due to the 15
i nperfections in the testing equipnent and in .the testing conditions,
probably due to transfer of test sanples. OQrher sensitive testididssgt hods
using electromagnetic radiation (e.g. mcrowave, or infra-rzs radi ati on)
can accurately determ ne the |evel of water nolecules in the second vol une
of gas. However, such techni ques have di $advant ages fromthe point of view
of 20 operation safety, and al so involve high equi pnent costs. In sunmary,
nmoi sture perneation eval uati on techni ques which are less vulnerable to
experinmental error generally incur costly hardware or conplex evaluation

procedures angxpendivel agd prefeably soingbléi faRson Niner dﬁnitbﬁnﬁcbi ®¢emaation

preci sion detection. Furthernore, all known detection techniques require
that test AceHeelrwithruteomnnlex anpliticaldool®at erial are tested in a speci al
test location wthin specialist equipnment; for exanple, it is not feasible

to nonitor t#@mzﬁgzgﬁhg 'H@éﬁﬁti on of barrier material while it is being
processed i . s, there is then a demand for a techni que
that is both sinple and 2 5 OCT 2006 4 inexpensive, and preferably

sui t abl e f orTh@ninventomaims to proyidd neerarebtisefol methodsadre gevicehfort conpl ex
anal ytical tools. S m"ratr of The Invention The invention ains to provide
new and BsefUPISHEE %Cé%ﬁ devices for 5 mpisture detection. In particular
t he met hods and devices to determ ne the anount of noisture which

perneates through a lam nar noisture barrier. The noisture barrier is
conposed of ia pastiduiar theohgthedssanssdevices tndetesniiel thesmowrianf ooistureat i ng

which permeates through a laminar moisture barrier. The moisture barrier is
composed of a laminar polymer substrate and usually at least one coating

10 layer.

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



.10 lrayer. 'In general terns, the present invention proposes that a capacitor
is formed on one surface (nornmally a coated surface) of the pol yner
substrate. The other (uncoated) side of the pol yner substr cirS o posed
to an environnment 15 containing noisture. The capacitor inc es a water
absorbent material as the dielectric, so that as noisture perneates

t hrough the noisture barrier it enters 4he dielectric and changes its
~dielectric properties. A nmeasurenent of the capacitance of the capacitor

t hus gives an indication of the anbunt of noisture which has passed

t hrough the noisture barrier. 20 This proposal enabl es nonitoring of
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makes possi %ﬁ Mpsformdetection by a capacititor having a large area and
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no change in its phyS|caI dimensions upon absorbing moisture.

10 To avoid the desiccant from taking up moisture from its surroundings, it is
preferably surrounded by a highly effebtive 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.



_Here, a desiccant material is used as the dielectric |ayer due to its
strong water absorbing ability. Preferably, the dielectric material is
selected to have a no change in its physical dinensions upon_ﬁﬁﬁﬁrbing

moi sture. 10 To avoid the desiccant fromtaking up noistuié 4¢% ts
surroundings, it is preferably surrounded by a highly effective
water-barrier in all directions except ¢he one facing towards the noisture
barrier which is to be tested. Specifically, a highly-effective water
barrier such as glass plate may be provided on the |am nated capacitor
structure facing away fromthe noisture 15 barrier. Additionally, a

hi gh-barrier seal ant i,s preferably provide i of the

wat er barri EP“ﬁ?HP%{e’H?%g?B?H n&e\/@%asqrgﬂ}egﬁ%bﬁlﬁg?&spgﬁlée pg%%@?r ation from
this directifentibh cafite peformdEbyRVEIpIY independshtumeduletiaciubing ati el ectri c
is confined to noisture which passes into the dielectric through the

moi st ure baostidatopeamyokagripewlifion antemedpatsanga [RYQUFRr- Mkes it possible
to enabl e e???ﬁfaggé‘ﬁgltegﬁiﬁ“’%' gn%%rgg?géed at hi gher tenperature and '

pressure se n-insonvention hni ques, which in turns
accel erages the water perneability of the nmoisture barrier, and thus

hor t th i od ired for noist eat | | yatj on. (A
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conductive ftlilihrﬂérn':éiéétp&{i HansRtSOMHRNERGO | it %Dﬁ\? KigRAcEBitgdn My be used
to provide the desiccant Tayer. Thus, the proposed device can be fabricated
at 30 | ow qusdictirg theCamriligosfehednoisture 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 handling, 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 characteristic of a laminar polymer moisture barrier, the

method comprising:

forming a capacitor on one side of the moisture barrier, the
capacitorcomprising a first conductive layer formed by deposition on the

20 moisture barrier, a dielectric layer of desiccant material formed by deposition
over the first conductive layer, and a second conductive layer formed by

deposition over the dielectric layer;

exposing the other surface of the moisture barrier to an environment

including moisture; and

25 measuring changes in the capacitative characteristics of the capacitor.

A second expression of the invention is a moisture permeation measurement

device comprising:



_Furt'hernore, the capacitance neasurenent enpl oyed by the present invention
can be perfornmed by a sinple independent nodul e including an oscillator,
an vol tage anplifier, an denpodul ator and a recorder. g

testing nodule is necessary. 5 Note that the proposed nnlsgg Je?ﬁgtlon
device resenbles the structure of thin filmelectronics transistor. This

| eads to it having high accuracy in predicting the ability of the noisture
‘barrier to performwhen subsequently wutilised in a thin filmelectronics
device. 10 Furthernore, the present invention nakes possible in-situ

noi sture perneatlon detectlon wi t hout user operation and handling, and can
be perforned whi | e §ture barrl%r to be tested is in any

|
orientation. gd@@lqurdgp\swreabaﬁl? “expression of the inventionis a

met hod of msasurl ng the noisture per rreatl on characteristic of a | am nar

pol ymer. nmoi st ur e akipalcRbr fdried drebhe dideositheshoigture dramtien tee camm’oor or on
one side of the noisture barrier, the capacitorconpris

conducti ve r:amnsmrarétstwndu@ﬁb&havﬁbﬁprmdt%thezmot'ﬁwr@c ‘Bﬁrgebé’rﬁj'ieiq'ct”%
dielectric | r ﬁ'r% R § eh the first
conductive I'a?ég of %S%Eghg@%ggr\ orﬁﬁdéfét)}l%/@hgg%@b Tor rrg§é a{yy@adéé?cl)os| tion over
the di el sct rstaCoﬂ\cayenduﬁN@dayegfotrﬂmedmberthesdre‘iemisc tdyerhe noisture barrier to
an environnent including nmoisture; and 25 measuring changes in the
capacitative characteristics of the capacitor. A second expression of the
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Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:

10 FIG. 1 shows the designed construction of device according to the
invention;

FIG. 2 shows apparatus used to make a measurement using the
device of FIG. 1;

FIG. 3 shows in more detail the circuitry of the tester module of FIG 2;

15 FIG. 4, which is composed of FIG. 4(a) and FIG. 4(b) shows the
permeation of water molecuies into the device of FIG. 1;

FIG. 5 exhibits the relationship between the measured capacitance and
time, over a period in which the device of FIG. 1 is exposed to a high humidity
environment; and

20 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.

Detailed Description of the embodiments

25
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
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



_devi'ce comprising: 2 5 OCT 2006 7 a lamnar noisture barrier; and a

capaci tor fornmed on one side of the noisture barrier, the capacitor
conprising a first conductive |layer fornmed on the noisture barrier, a
dielectric layer of desiccant material formed over the fi25t0€od8bctive

| ayer, and a 5 second conductive |ayer forned over the dielectric |ayer.
Brief Description of The Figures Preferhﬁy features of the invention wll
now be described, for the sake of illustration only, with reference to the
following figures in which: 10 FIG 1 shows the designed construction of
device according to the invention; FIG 2 shows apparatus used to nake a

measur enent usi ng. dgyj.c I ; i irlelndbh the
circuitry o?o?t”&g?lbgﬁg% ﬁé{(?ulﬁ%\ﬁé\f&r—tﬁgt %Heﬁ%@%fg@@%e 1:éccﬁqlhglcorrptojls]ed of
FIG 4(a) apthyfdéprotugedsiionh ard@sed o stadyi the mbistae permentonioéa into the
device of FIG 1; FIG 5 exhibits the relationship between the neasured
capacitance and tine, over a period in which the device of FIG 1 is
exposed to a high humdity environnment; and 20 FIG 6 exhibits the

rel ati onship between the noisture content and tinme, over a period in which
the device of FIG 1 is exposed to a high humdity environnent. Detail ed
Description of the enbodi nents



25 'Referring firstly to FIG 1, a lamnated thin test structure 100
according to.the invention is shown. A polymer substrate 101 is shown
coated with a barrier coating 102. The device is for_studykﬂg E e lalsture
perneation of a noisture barrier made up of the conbinatio P h@ pol ymer
substrate 101 and barrier 250CT2006 7a coating film 102. Note however t hat
alternative enbodi nents of the inventiong may be produced which are used to
study the noisture perneation of a 250CT2006 8 pol yner substrate 101

wi thout a barrier coating, and in those alternative enbodinents the
barrier coating film102 is omtted. Athin |ayer of electrode film103 is
adhered onto the barrier f conventional s utterlnﬁ deposi tion

in a vacuumPOlARIeRubstrate ébﬂ)l"‘é@Pf@gyacrﬂﬁ'f CO@tH@ &ngdnt 2feTRAYYS | s nade
of high el e%HB eﬁ%léod%{-}lgré@étﬁ{g fflhw?@é’ t?e t'hi ckness of not nore

t han 500nm dition e materi ectrode | ayer is chosen
such that it has stabl e chem cal properties so that it will not have a

di sad t h th I 10
SR e LR T R
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by a traditional deposition technique on the first electrode |layer 103 in

a high vaciiu&'re@@tfbdstfﬂm 10Bnie naede othigh ¢legtsicalicandugtive |rmﬂ‘tsrlabalw bagkectric
i nsul ati on. rred h Lelectric materi |ss cted such
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t he . layer is chosen such that it has stable chemical properties so that it will not

- have a disadvantageous chemical reaction with the coated barrier film layer
10 102, and also so that it will not degrade when it is exposed to moisture. A thin
layer 104 of non-conductive, porous desiccant material is deposited by a
traditional deposition technique on the first electrode layer 103 in a high
vacuum enclosure. The desiccant layer 104 functions as a dielectric
insulation. It is preferred that the dielectric material is selected such that it
15  absorbs water molecules quickly when exposed to them. Typically, the
desiccant layer has a thickness of not more than 5 micrometers.
Furthermore, the desiccant layer 104 should preferably have a smooth
surface after deposition, and should not have an adverse ihteraction with the
- electrode layer 103. Furthermore, the desiccant material should have g.ood
20 chemical properties so that it will not deteriorate or change its physical
dimensions when it absorbs moisture. Before the desiccant layer 104 is
deposited, it is preferable that the bulk desiccant material be warmed at a high

temperature to release the moisture it contains.

25 A second electrode film 105 similar to the first electrode 103 is coated onto
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



_desi'ccant 'l ayer has a thickness of not nore than 5 m croneters.
‘Furthernore, the desiccant |ayer 104 should preferably have a snooth
surface after deposition, and should not have an adverse |nt?§qﬁ§ GAe W t h
the electrode |ayer 103. Furthernore, the desiccant materi ould” have
good 20 chem cal properties so that it will not deteriorate or change its
physi cal di nmensions when it absorbs noi gture. Before the desiccant |ayer
104 is deposited, it is preferable that the bul k desiccant material be
warnmed at a high tenperature to release the noisture it contains. 25 A
second el ectrode film 105 simlar to the first el ectrode 103 is coated onto
t he deS|ccant | ayer 104, .to sandwi ch the desiccant |ayer

appr opr i at e la¥REsiEntgIgtss dsvea capagitopstrugirg) EgfthgEaoOrs, |e@§hm§he 105 is
arranged to, é?§|1%e16ﬁesa%glﬁfo‘?1aﬂg%tareﬁg5§rn}éﬂ%gﬁw{¢?fﬁ1 %?5316%%29/@&?39”0'[ her

and spaced part by esl cC i'S Shaped
i denti cal sw&rreaavcﬂtsagemnTbelapphétdetcsmmrasppoh\te sqmrefpdmmsebfetﬁer ode | ayers

103, 105 and the desicca .9 layer 4 t oget her have a
capaci tor sEleE ayelw {](11)% rpg‘r SET edgg pg(tlc?r}%‘ﬂ}lq%)}b%sarg(jgr cameddignitti onal |y
a respecgl \Y; n'é&grr%‘?'iéétéf‘rr%%%ZGQ de E@hggg external voltage can be

applied to the respective square portions el ectrode | ayers 103,
105. The | ead portlons 103a, 105 are for connection to 5 an external tester

nodul e 203 wnlnF . . So far possi bl al l_.l ayer.s shoul d be
Gopost t ad t1SEbiabes: hssife: AliayiR b ds ferietad etat iR RS 8 het oot f on.
These | ayer snay mtijoRc8retRiry té ﬂféraételcnon VRGesETay SR04 el GdrePérbSFy fohfled @8t Ppi ece
is removed fromthe vacuum a glass 10 slide 10 | aced above the

upper el ect wad@unaﬁénortboaﬂeroth@de@trpleneﬁ raragved from the vacuum, a thin glass
10  slide 106 is placed above the upper electrode layer 105 to cover this flat

planar sandwich structure. The glass slide 106 constitutes a moisture
impermeable layer (i.e. having a moisture permeation level much lower than
that of the moisture barrier, e.g. at least 10 times lower). Preferably this is
performed in an enclosed chamber purged with nitrogen gas to shield off

15  moisture as well as surrounding contaminants. An ultraviolet-curable epoxy
107 is then applied at the edge of the glass slide 106, and cured using
ultraviolet 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.



_planar sandwi ch structure. The glass slide 106 constitutes a noisture

| nperneabl e | ayer (i.e. having a noisture perneation |evel much | ower than
that of the noisture barrier, e.g. at least 10 tinmes lower). Preferably
this is performed in an encl osed chanber purged with nitrogdénlga20Bo
shield off 15 noisture as well as surroundi ng contam nants. An

ul traviol et-curable epoxy 107 is then aﬁplied at the edge of the glass
slide 106, and cured using wultraviolet [ight. The epoxy 107 provi des an
extra sealing to restrict noisture perneation. Only the | ead portions
103a, 105a of the electrode |ayers electrode |ayers 103 and 105 protrude
fromthe volunme enclosed by the glass 20 slide 106 and the epoxy 107. The
test piece 100 is loaded into a humdity chanber 201 as shown in FIG 2.

Thi s chanberrHes, 4@k BLRbmaAc aF te J@Pﬁa@_ifgﬁ ahh¥s 1 sl o m@@g? ESHP&Eté{i“r e

setting to replicate noisture aggressi conditions. Fine ectrical cables
202 25 are ts#he tast conmpospetlld ieldescrilbelbat sy EIG. 3.08n AO®l¢driealneiate

i nped . t est dyl i ch d t the ch i
e d e ect 15 BSNHENEH Py RAPHRIRAY ol of he f@aGRErL BhAT ALGIE984 mhen
vat er nokecyhagblel bypuRimpeaasEe hitRsDASMERY cikc®®h) ROprbYke dMbscillBin] t U

moi sture sensor systemcan be linked to a conputer 205 to autondte
periodi c recufrénhgigoal aha deregequanay Theecuttentdodudad byther applied

characteri st 0 . i hematic. of the renote
| npedance té’gﬁ%ge ﬁsog?ﬁosg%ég/ %bﬁ%‘%gﬁ%?@?@e@ﬁ%%%‘&a W[go%'?ef 8f tl‘@o IS
descri bed aglddirddeGaydrs HIB 6C105 emid iinpuobigABiPserves RN ak&ttiby t8 power
supply unit 301. The frequency of the AC voltage is 5 variable by an .

i npedance mEX30NRSER MEtertalinrepetyopdesicerntdayarsid4. (Thei vajtage 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



.current signal at a desired frequency. The current induced by the applied
voltage is boosted by an anplifier 302 before being applied one of the

el ectrode | ayers 103 or 105, and this input signal serves aséﬂg %?c' tion
to examne the material property of desiccant |ayer 104. Th 3 a

output from 10 the other electrode layer is anplified, and an inpedance
spectrumis produced fromthe voltage vel oped between the el ectrode

| ayers and is .interpreted to indicate the anmount of noisture in the test
conposite 100. In operation, |ow frequency interference and equi pment noi se
are produced. 15 within the lines 202 connected to the capacitor 103, 104,
105, and these noise squrces are attenuated by nmeans of a filter 303 to

give a puref@ I%'QBﬁ‘éﬁm‘d‘tSuW%dEﬁ{elelestzﬂe'fbhh?;ﬁimoéﬁhﬁ@z oradualiy\rarmagte o a
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det er mi nes changes | ectric propertieés o yer
104, to gi vexaosimdatdzgh cbumnmﬂity havr&mmensbndehammd@chlemu leecapaci t or
103, 104, 105. Acti,ve nonit the dynam c current output of the
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be constantly read and ‘record uter digital
det ecti on valmtscada}hab@ctprletumrmfeﬂelbytrmayemm# andé%etmﬂw&imumﬁan t he
of the dlll | ectric .laye
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now be expl %y*eeg 1‘0‘3t H‘OSeTﬁé QRS O f aE&&ptan dMé'Iéh'?rld: fusgBERpsatief FI G 4(a)

and FIG 4(b)" which shows a portion 30 of 4(a). The plastic substrate
101 i s exposérrtiasiedayarsnti¥phnd d02 lﬁémbwgeisEerm‘.imVim@Gtheldlelectnc material,

10 and is modified owing to the reorientation of water molecules 21 caused by
their dipole moment. The rising permittivity of the dielectric medium due to

moistening of the dielectric layer 104 tends to reduce the electric field

between the electrode layers 103, 105.

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,

Capacitance = Permittivity x “'j‘lr;tah - (1)

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



~a' 'high humdity. Water nolecules 21 in the atnosphere 2 gradually perneate
t hrough the polynmer 101 and through the barrier coating 102 over a period
of exposure at high hum dity environnent, and these nolecules 21 are
entrapped and stored in the desiccant |ayer 104, resulting i250&hdW§e i n

5 wetness density of this nmedium This increase in noisture changes the

el ectrical characteristics of dielectrig, ayer 104 under the influence of
an alternating electric field when an oscillating signal is applied at the
el ectrode layers 103, 105. The anmount of absorption of electric flux
between the electrode |ayers 103 and 105 is known as permttivity of the

dielectric material, 10 and |s nodified ow n t he reorjentation of water
mol ecul es 29205%%%@2@)@/03@ gasty erlpelate Peg?hﬁ‘er‘i"éﬁeﬁﬁoﬁmoﬂh%i ty of the

diel ect ! ¢ HRdlcuh Sl S04 EBIBLEANAIRG 2 th e 5L SR Lhfudsidtig 1 4riignds to

reduce the el"éctric e electrode layers 103,7105. 15 This
phenonenon gampzgisdnthenguakssgubssiblé becdntinmabmoniasng etitheapaistyrevevelval ues

over tinme, as shown in FLG i{ The capacitance. i s acfégrdi nﬁwq%ﬁ t he

.equati on, ESFAWHINIE0=5FaNGHRYS & FOYRUOSIRONIHINGPIFNR PSS 8Pe ' Area’

refers tg ”&‘?roﬁgﬁftﬁ%%a"f‘rri&ac tingM2di el ectric layer, and "Wdth' refers to
a

the separation p between the el ectrode | ayers. The wetness density of
t he desiccant mediumrises gradually as noisture penetrates through the

barrier coat] 10 and this is reflected b L Se. | . reasured 25
capaci tanceN‘gg tgﬂé\tﬂ\ﬁ MRS rS.Cogfenfﬁ%e%ﬁl‘g?@@’ﬂP@F@;{g'«?r"{bé%% nul tiple
standard sanppsLs et STRa8thBdtBBcannot be expelled from the desiccant layer

104, and hence the measurement structure 100 can only be used once.



_known' respective noisture contents can be used to correlate noisture
content w th neasured inpedance. Gven this correlation, the

m croprocessor of the 2 5 O CT 2006 12 conputer 205 can easijyogglfﬂ ate

t he values of the water content of the desiccant |ayer 204 correspohdi ng
to the capacitance values of Fig. 5. This conparison then makes possible a
continual nonitoring of the nbisture Iﬁgel as showmn in Fig. 6, and thus a
continuous nonitoring of the perneation”5 through the barrier coating 102.
Note that the noisture content nmeasurenment of FIG 6 is a one-tine
measurenent. That is, the water cannot be expelled fromthe desiccant |ayer
104, and hepggqtdre measurenent structure 100 can only be used once. 25 OC
T 2006 13 1. A nethod of neasuring the noisture perneation
characteristic of a |am nar polynmer noisture barrier, the nethod
conprising: ,5 formng, a capacitor. on,one side of the.noisture barrier, the
Capaci Lo donpr PSMHGNAdr ot Bleasyrgdcne, DIyt PegTRELOD,TRRHEMTIGR Gh ¢ he
noi sture  badhindi pofynil e EStileCo kL theimétasd copiprisig:eri al  formed by
deposition over the  first conductive |ayer, and a second conductive | ayer
formed by deposition over the dielectric |ayer; 10 exposing the other

sur f ace gf t he mbereningea isapariter e oae e afdhaeneistirecharaphghroranagiter and

measuring chapaesiid 4 WesCaBAGIARL! M5eF NBRAGH By Hdpositdh bReneaRARiLAY

barrier, a dielectric layer of desiccant material formed by deposition over the

first conductive layer, and a second conductive layer formed by deposition

over the dielectric layer;

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

including moisture; and

measuring changes in the capacitative characteristics of the capacitor.

2. A method according to claim 1 in which the desiccant material is
porous.
15 3. A method according to any preceding claim in which the ca'pacitor is

encapsulated within a structure which inhibits ingress of water from all

directions apart from through the moisture barrier.

- 4, 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
20 produce data indicating the moisture transmitted by the moisture barrier over

time.
5. A moisture permeation measurement device comprising:
a laminar moisture barrier; and

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

25 comprising a first conductive layer formed on the moisture barrier, a dielectric



2. ‘A method according to claim1 in which the desiccant material is
porous. 15 3. A nethod according. to any preceding claimin %lmgd} tEbe
capacitor is encapsulated within a structure which inhibits Pt led¥bof
water fromall directions apart fromthrough the noisture barrier. 4. A
met hod according to any preceding claimin which the capacitive properties
of the capacitor are observed at a pl urglity of tinmes, and used to 20
produce data indicating the noisture transmtted by the noisture barrier
over tinme. 5. A noisture perneation neasurenent device conprising: a
| ami nar noisture barrier; and a capacitor formed on one side of the
noi st ure bar, t C i i rst cndutlvel yer
formed on théhfgrrrm’ogt&l}fse' rﬂln%?énalzfg E’{"? §|r% qd aygr,| 39@ a of
desi ccant Memdndlcdndmn:mbmyelrfcbrhﬁedDVértthecmélléctric\Aéyérayef and a second
conductive |layer formed over the diel ectrl c layer. 6. A devi ce according to
claim5 in vgu ch fhe desiccant or ous, . A device according
to claim5 o rﬁeg'cFﬁQWé?'nEgaﬁ%'@i }ﬁ’h t@?lﬂeé'ccgnf e alabPerqugy er
provi ded over the surface of the capamtor facing away fromthe noisture
barrier. 8. A devAcRvarcacsirimgt @ Ghimh ™ dr QARG ﬁ!rfﬂ@r%oﬁgﬁﬁméd AXR6i ﬁf?@' i ng
n

the noisture inperneable | ayer to the noisture barrier Ci rc I'ng the
capaci t o, impermeable layer provided over the surface of the capacitor facing away

from the moisture barrier.

8. A device according to claim 7 comprising a resin layer sealing the
moisture impermeable layer to the moisture barrier and encirciing the
capacitor.



