1 Reducing water perneation into electronic de | I nvention
The present invention relates to electronic devic e kind having. an
array of electronic conponents (e.g. diode displa@mwﬂﬂﬁmwmw covered on at
|.east 5 one side by a polyner substrate, and to r oduci ng such
-devices. In particular in relates to techniques for r®eiseéi ng the perneation
of noisture into such devices. Backgrouqd of Invention Thin film

transi stors have been widely used in recent years to reduce physical _ 10
di mensi ons of el ectronic devices, and to mnimze the fabrication and
assenbly costs of the conponents. Such thin integrated structures suggest

t hat a breakt hrough na& be possible in el ectronic technol ogy by the
construction of el ect r Bedocihanaies neEmaation ude elecienirdeMices obt ai n

i ghtweight and flexible features for the next generation of handheld

el ectroni cs. ciEheoAfheliRaLh ion of thin filmtransistors ains at producing
a S|gnlflcamE—Tnpar:t‘—Un—tjfogi di splay industry when plastic substrates are
used in place of glass to create thousands or mllions of illum nated

pi xel s, for Ehampésentin@rdoni reldieghd eleetronic deyit@dethedifdDhadingmragsay 20
However, the devel opnent of thin filmdisplay technolagy is inpeded by the
degr adat i on gffje{qggo |CeE‘P'F‘BHP@mi§o§?p%-na]Wp§ @aef\éf/oe'ﬁm%ﬁsg%\fer%{& gt geag{
permeating t hrough bhe @élgﬁrérvsugghgfer, %tn%-toFrlr@ﬁioWse?fpér%EEbiﬁ%SLE:HrHEWéé’s.kno""n
as pol ymer substrates, unlike glass, contain pinholes and Cro- pores

because of tnepartisgfer imaelatésato taahminuasetor réfiueng thatpermeation of fmoisiuwrae 25

at nosphere SUELr gHE‘rg'dQ iCteQ'e di spl ays a.re liable to be transmtted through

Background of Invention

Thin film transistors have been widely used in recent years to reduce physical.
10  dimensions of electronic devices, and to minimize the fabrication and
assembly costs of the components. Such thin integrated structures suggest
- that a breakthrough may be possible in electronic technology by the
construction of electronic components on plastic material to obtain lightweight
and flexible features for the next generation of handheld electronics. The
15 realization of thin film transistors aims at producing a significant impact on the
display industry when plastic substrates are used in place of glass to create
thousands or millions of illuminated pixels, for example in Organic Light
Emitting Diode (OLED) displays.

20  However, the development of thin film display technology is impeded by the
degradation of the electronic components due to attacks of moisture
permeating through the plastic substrate. Flexible plastics, commonly known
as polymer substrates, unlike glass, contain pinholes and micro-pores
because of their soft material structures. Often, water vapour from the

25  atmosphere surrounding the displays are liable to be transmitted through
these openings, and damage the electrical circuitry tayers. In most sensitive
electronic components, moisture permeation affects the material properties of

the components, leading to undesirable reduced lifetimes of the display
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. these openings, and danage the electrical circuitry layers. In nost _
sensitive electronic components, noisture perneation affects the material
properties of the conponents, |eading to undesirable reduced lifetines of
the display 2 elenents when oxidation or other forms of deterioration
occurs on those thin structured layers. Mich research has been carried out
to try to devel op a good barrier protective 5 coating for polyner
substrates to eliminate undesirable effecfs of water perneation. In npst
cases, one or nore inorganic |layers such as Alum nium Oxide, Silicon
Oxide, etc, are coated on one surface of a polymer substrate to prevent
penetration of water nolecules fromthe surrounding atnmosphere. This is

i llustrated isterRegts hembkdatiohowsteerkooms ofidstrayatitevoeturs bR thbss hia 10
pol'ymer substrate 18éiis spaced by an inorganic barrier film102 fromthe
front surfacS"8FUYRIEINESdi spl ay 103 nade up of an array of OLED displ ay
el enents. The other faces of the OLED display 103 are protected by a
nmetallic cover 104. The arrow 105 indicates the perneation of water vapour
t hrough the S researdiohasbeertatiedaoutebftectd devgiopea good dirfieepetectier 0ss

' ' . suyb 01 i h
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101, but thi %)e_rﬁ%bﬁ_én.tlhembétt@as@fs,Bﬁé%F%&eﬁﬁé@%ﬁ?dlgyer‘évs‘iﬁhmsgﬂ%rminﬂ_ﬁﬁ
inorganic barrier film 102 ains to prevent this noisture fromreaching the

OLED di spl ay Qage, Silipew xidratels are cnetedon ganistireaedf erpdlyier soastodteda
pr oduct on procudssnefauctes NatEr faiegRaS o die ShvRa)TiebimosebEre « hr ough
the barrier o isnustfted ThFg. dawhich shows a known display device, in which a
10 polymer substrate 101 is spaced by an inorganic barrier film 102 from the
front surface of an OLED display 103 made up of an array of OLED display
elements. The other faces of the OLED display 103 are protected by a
r_ne-talllic cover 104. The arrow 105 indicates the permeation of water vapour
_ through the substrate 101 driven by an effective pressure different acfoss the
15 substrate 101. In many display devices the substrate 101 is chosen to be thin,
8o as to achieve high mechanical flexibility of the substrate 101, but this
makes the rate of moisture permeation even higher. The inorganic barrier film
102 aims to prevent this moisture from reaching the OLED display 103.
Unfortunately, the inorganic barrier film 102 often contains cracks or other
20  forms of deposition defects due to imperfect production processes. Therefore,
water permeation may still occur through the barrier coating 102. This can
cause the OLED display 103 to break down due to the corrosive chemical

reactions of the water molecules.

25 In order to enhance the effectiveness of the barrier coating, it has been
proposed to add an additional barrier layer to remove permeant from the
polymer substrate 101. For example, it has been proposed to coat the outer
face of the polymer substrate with a special hydrophobic coating, to prevent
absorption of molecu-les on the surface of the polymer substrate 101.

30  However, the adhesive strength of the added coating may not be adequate,



cause the OLED display 103 to break down due to the corrosive chen ca
reactions of the water nolecules. 25 In order to enhance the effectiveness
of the barrier coating, it has been proposed to add an additional barrier

| ayer to renove pernmeant fromthe polymer substrate 101. For exanple, it
has been proposed to coat the outer face of the polyners ubstrate with a
speci al hydrophobic coating, to prevent gabsorption of nolecules on the
surface of the polyner substrate 101. 30 However, the adhesive strength of
t he added coating may not be adequate, 3 so that the perneation resistance
of the system may deteriorate over tinme. Thus, nuch attention is presently
bei ng gi ven to devel opi ng . an active barrier |ayer which avoi ds npisture

absor pti on &R thakthgermeationyesistanceq the sysigm ey dateriorate avaiimen The
present inv LO [ LOW Jsgf ) ' Vi ces,
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per neat i on. |ayes whickeavoids rhoisturerabsorptioncomthevivalgmee shbstsatef10donst r uct i ng
such devices. 10 In general terns the invention proposes that in a

el ectroni c device having an array of electronic elenents constructed on a
pol ymer subSumxinary bhedaly¥nsn sSubstrate shoul d be provided with a
resistive elenment between the polyner substrate and the array of

el ectronic elenents. The resistive elenent is supplied with electrical
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ri sk of water pen I'ng t ymer stratwe, r reduces
t he risk of permeatioii ng t he

The invention further aims to provide methods of constructing such devices.

10 In general terms the invention proposes that in a electronic device having an
array of electronic elements constructed on a polymer substrate, the polymer
substrate should be provided with a resistive element between the polymer
substrate and the array of electronic elements. The resistive element is
supplied with electrical power by electrical power supply means for resistive

15 heating of the resistive element.

The heat generated by the resistive layer reduces the risk of water molecules
penetrating the polymer substrate, and/or reduces the risk of it reaching the
array of electronic elements.

In a preferred form, the device is a display device and the electronic elements
20 are display elements such as diodes, so that the array of display elements

together constitute a display area of the display device.

There may be a further polymer substrate between the resistive layer and the
array of display elements to further prevent water permeation, and to protect
the display elements from the heat generated in the resistive layer. In some
25 embodiments the first and second polymer substrates may be formed as a
single composite body (e.g. by forming the polymer substrates separately,
and adhering them together using an adhesive layer), so that the resistive



array of electronic elenments. In a preferred form the device is a display
device and the electronic elenents 20 are display elenents such as diodes,
so that the array of display elenents together constitute a display area
of the display device. There may be a further polynmer substrate between the
resistive layer and the array of display elenents to further prevent water
permeation, and to protect the display glenents fromthe heat generated in
the resistive layer. In sone 25 enbodi nents the first and second pol yner
substrates may be forned as a single conposite body (e.g. by form ng the
pol ymer substrates separately, and adhering them toget her using an

adhesi ve | ay r% so  t hat ti}tra?rem stive_,4 elenent is between the substrat es
of the conp@fel entds petwesn the subsitptas ehthe epmpagitebady. wyhigh isradiasentite

resistive eledBRb & the formof a conductive layer. It may extend
conti nuously, orbrféféd?ﬁgnhde openi ngs. For exanple, the conductive layer 5
may be arranged in a nmesh formation. In sonme enbodiments there may be a
plurality offhegesistive elemenemay be inphedbtm of taacno?n@deivemnltehepexieml

supply. Th ve_ el enent may be f med as e 03| tion
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device may il béareihgedahs nmegtforfialsr M edns ehidwhents therd ﬁfarveﬁe lan one
or other of the_ polymer substrates (preferably the one which doés not

carry the cehua&tm erqsas}ye)eleg]qr@“ tygicele shagva e commaen electtiedl syprRhe
resistive e"l'fn@‘%@%% |9é’telé)r{1 {ql i f/i:]ea%rﬁ#@ﬁ' e% I%\}é‘? tﬂ/é%legﬁ ‘%ﬁqgﬁrﬁ%@%y
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as an

The display device may include channels, such as grooves or trenches
10 formed in one or other of the polymer substrates (preferably the one which

does not carry the conductive layer), allowing the passage of air heated by the

resistive elements out of the display device.

The display elements may include any form of electronically controlled display
elements, such as an organic light emitting diodes (OLED) or a liquid crystal

15 display (LCD) elements.

Specifically, in a first aspect the invention provides an electronic device
comprising:

an array of electronic elements;

a first transparent polymer substrate covering the array of electronic
20 elements; and

at least one electrically resistive heater element between the first
polymer substrate and the array of electronic elements, for generating
sufficient heat to repel water molecules permeating through the first

transparent polymer substrate.



15 display (LCD) elenents. Specifically, in a first aspect the invention
provi des an el ectronic device conprising: an array of electronic el enents;
a first transparent polynmer substrate covering the array of electronic 20
el enents; and at |east one electrically resistive heater el enent between
the first polyner substrate and the array of electronic elenents, for
generating sufficient heat to repel watgr nol ecul es perneating through the
first transparent polynmer substrate. 5 “In a second aspect the invention
provi des a nmethod of constructing an electronic device, the nethod
conprising formng a two-di nensional array of electronic elenents, and
attaching a first polynmer substrate parallel to the array of electronic

el enents wi th &tS9OR6: agpactethe tinyentiony prades ja) dnetbadepf ToastHElRg B8t ween
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third t, the_i ti, rovides, ,a nmethod of ogperatjng an . el ectronic
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one electrically resistive heater el enent between t first poly

substrat e arle registiver hgater elgraentrbging fen genarating sufficiant heat toeepediwajer
molecules permeating through the first transparent polymer substrate.

In a third aspect, the invention provides a method of operating an electronic

device comprising:
10 an array of electronic elements;

a first transparent polymer substrate covering the array of electronic
elements; and

at least one electrically resistive heater element between the first
polymer substrate and the array of electronic elements, the method including
15  applying a voltage to the resistive heater layer to heat it sufficiently to repel

water molecules permeating through the first transparent polymer substrate.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:
20 Fig. 1 is a cross-sectional view of part of a known display device;
Fig. 2 is a cross-sectional view of part of an embodiment of the
invention;
Fig. 3 is an exploded view of the embodiment of Fig. 2; and

Fig. 4 is a schematic view illustrating the operation of the embodiment.



15 .applying a voltage to the resistive heater layer to heat it sufficiently.
to repel water nol ecul es perneating through the first transparent pol yner
substrate. Brief Description of The Figures Preferred features of the
invention will now be described, for the sake of illustration only, with
reference to the following figures in which: 20 Fig. 1 is a cross-sectional
view of part of a known display device; _Fig. 2 is a cross-sectional view
of part of an enbodi ment of the inventi Bﬁ Fig. 3 is an.exploded view of

t he enbodi ment of Fig. 2; and Fig. 4 is a schematic vi ew illustrating the
operation of the enbodinent. 5a Detailed Description of the enbodi nents
Referring to F{aq an_enbodi rrent of the invention is shown in

cross- sect | oREEIEALIR3GrY tig E NN AtS whi ch correspond to those of the
known 5 structure of Fig. 1 are Iabel | ed by identical reference nunerals.
The enbodi ment “i ncl udes an OLED di splay 103 (which in alternative

enbodi ment s Refertieg émFlgCR, dnsphbydietentoithe Mmeatiop i©EhawhWe clistessitpnal
array of QL d'%ﬁ"”‘?’ eIe nts vvhlcg ﬁr i ndividually controlled 10

el ect r oni cal d%ﬂ’a%w ichtaesrespepd 49 these af hedtvawred and
protect ed bystpudtBierdf F the barrier film
102, and noving to thlg ﬂé‘é‘ﬂatfégléphdaﬂptaﬁﬁ&m réteﬁéﬁ%@nﬁl ree?g]ltsructure may be
exactly as in the known structure of Fig.1l, and be formed in the sanme way.

The di spl t ed the f t b te body 207
ang alnslong)r/ganl %ﬂ%@}d §Ptpb? %Ferﬁnléggrarﬂﬁg’lay{% Mﬁgé’gggg'g%:ﬁ'ngO(; )[;I ays
the rol e of emeoammmaﬁu@awmg dHsbiay Bidrent)rhste 8pof & Y- Ak SHRYdGF

shown in Fig. 1 n fact, starti
array of OLED display elements which are individually controlied

10 .electromcally. The rear and sides of the dlsplay 102 are covered and
protected by a metallic cover 104. In fact, starting from the barrier film 102,
and moving to the right in the figure, the entire structure may be exactly as in |
_the known structure of Fig.1, and be formed in the same way. The display
-element is protected-from the front by a composite body 207 and an inorganic
15 -barrier film 102. Thus, the composite body 207 plays the role of the polyme-r
substrate 201 in the prior art display device shown in Fig. 1. In fact, starting
from the barrier film 102 and moving to the right in Fig. 2, the entire structure



. fromthe barrier film102 and noving to the right in Fig. 2, the entire
“structure 6 may be exactly as in the known structure of Fig. 1, and forned

in the sane way. The conposite body 207 is conposed of a first polyner

substrate 201 which 5 is adhered by an adhesive 204 to a conductive nesh

| ayer 202, which is in turn formed on the surface of a second pol yner

substrate 203. The first polyner substratGe 201 is transparent, flexible and
includes nultiple slots as described below. It may be forned froma

material such as PC 10 (pol ycarbonate), PEN (a Pol yet hyl ene napht hal ate
resin), Polyimde, etc. The second polyner substrate 203 may be forned
fromthe sane materials, but has planar surfaces, i.e. without slots. The
pol ynmer subs Meat kesezartly 0B the toahn Pftatﬁéun@@fcﬁgettmﬁ toaimed| ith®shimey, good
surface fi n| ng and be thermally stable. The barrier film 102 nay be
formed of a Waterial such as A1203, Si2, 15 so that the film 102 can
provi de a hi gh degree of Shl elding fromperneation. Referring nowto Fig.
3, the structure of Fig is shown in a exploded form and w thout the

metal lic covéhel@m%tt@zbodzc?(}ﬁ'h@ §@@B§S@d Ofaa MEStRAIYEF sekiiEte 2O iWicBuch a
structures w |, e&ﬁ)gdaﬁﬁ&ﬁﬁ&g\g? 204 % E'C%lnhﬁctlxgé]ﬁtfghrlﬁg Y Wicks H)ﬁt rate

201 may be fornme I rst substr S an'overa

t hi ckness ofUQnééﬂmabbyth@ssﬁahaofa&@condpo@m&ﬂen&whsu£ﬁoas about 75
mcronmeters. It is etched by an etching technique such as oxygen pl asna-
etching in vacuum conditions using a mask 25 to create unifornty straight

grooves or t tﬁaq.hgsp&grﬂeh%étgaté 208 Rk ttaﬂfsparrérn@ff%wcnéténe%atﬁsﬁ
m cronmeters, such as 10 microneters. These grooves or trenches 310 (from

now on r ef er lets 89 describgcopeloyw. Hrreaw bedarmed from a material such as PC
10  (polycarbonate), PEN (a Polyethylene naphthalate resin), Polyimide, etc. The
second polymer substrate 203 may be formed from the same materials, but
has planar Surfaces, l.e. without slbts. The potymer substrates 201, 203
should have good mechanical flexibility, good surface finish, and be thermally.
stable. The barrier film 102 may be formed of a material such as Al,03, SiOo,

15 so that the film 102 can provide a high degree of shielding from permeation.

Referring now to Fig. 3, the structure of Fig. 2 is shown.in a exploded form

and without the metallic cover layer 104.

20  The steps of a method for constructing such a structure will now. be described.
Initially, the first polymer substrate 201 may be formed. The first polymer
substrate 201 has an overall thickness of preferably less than 100
micrometers, such as about 75 micrometers. It is etched by an etching
technique such as oxygen plasma etching in vacuum conditions using a mask

25  to create uniformly straight grooves or trenches 310 having a depth of
preferably between 5 and 20 micrometers, such as 10 micrometers. These
grooves or trenches 310 (from now on referred to as “slots”) are a few
millimetres apart. The surface quality of the slots 310 is not critical, so
conventional semiconductor processes are applicable to form them.

30



mllimetres apart. The surface quality of the slots 310 is not critical, so
conventional sem conductor processes are applicable to formthem 30 7

Next a second pol ymer substrate 203, which has the same di mensional ranges
as the first polyner substrate 210, is coated by a deposition process wth
a layer 202 of a transparent conductive material, such as ITO The |ayer
202 may for exanple have a uniforn1thickn;ss in the range 20 to 70 5

m cronmeters, such as about 50 microneters’thick. Preferably, the conductive
| ayer 202 is then etched using a photo-masking technique to pattern it as
a fine mesh on the surface of the second polyner substrate 203. This
‘patterning is not necessary to the invention, but is 10 presently preferred
since it rai Sext alsecoadipslyunersuistiate 203ywehick0as the sdma¢ dimermsiomaat wil | be

ted | at wh i etmee t he edges..of the |ayer
T The 1 r bangs s U3hoRF e S BERA S BT BR8P e SRR LS oty
surface faci agh alléy'ehQOQ@ﬁ@tlﬁénép%réiﬁsdbna@%tlv@ﬁ%téhﬁ Ueh 85 THONHE tayfdrr My
t oget her | ayer of an organi c adhesive 204, such as epoxy

material . "> ngadnaﬁgqur;ﬂmmmﬁ@a&a@ eifasm titkasise én thaurange 24 p&0 may be
necessar y5to”ﬁ%%%eﬁ sh%th%% atfo, eg@l %féfﬁe{eg‘ﬁ@? ly and chemi cally stable

as well as tou €sé proper e|n ry during the subsequent
heati ng process. 20 The conposite substrate 207 thus produced, having the
‘pol ymer substrates 1, 203 on jts two sides, neets the optical.
transnittanc ft@ 'Yetgérﬁoé‘db'f:t"{qﬂl@yef 2BAts taneetched é!smgs%Pﬁ9t0 mgskingi s

reason, eaChtéth‘icﬂ% UbstdAtiess aGthe rA8sh b the surface of the second polymer
éubstrate 203. This patterning is not necessary to the invention, but is
10 presently preferred since it raises the resistance of the layer 202, so that more
heat will be generated later when a voltage is applied between the edges of
the layer 202.

The first polymer substrate 201 is then placed with its slotted surface facing
15 the conductive mesh 202, and the two are bonded firmly together using a thin
layer of an organic adhesive 204, such as epoxy material. Depending upon
- the choice of adhesive, curing steps may be necessary to ensure that the
adhesive is thermally and chemically stabie as well as tough, these properties
being necessary during the subsequent heating process.
_20 :

- The composite substrate 207 thus produced, having the polymer substrates
201, 203 on its two sides, meets the okptical transmittance requirements of the
front cover of a display. For this reason, each of the substrates 201, 203 is

- preferably individually thinner than the polymer substrate 101 of the structure

25 shownin Fig. 1.

The composite substrate 207 is then used to form the structure shown in Fig.
2, which is done by conventional techniques, with the composite structure 207
taking the place of the known substrate 101.

30



preferably .individually thinner than the polyner substrate 101 of the
structure 25 shown in Fig. 1. The conposite substrate 207 is then used to
formthe.structure shown in Fig. 2, which is done by conventi onal
techniques, with the conposite structure 207 taking the place of the known
substrate 101. 30 8 The operation of the enbodinent is explained with
reference to Fig. 4, which shows the strgcture of Fig. 2 in an enlarged
view in a plane including one of the slots 310. A low electrical current
i's supplied through two uncovered term nals 403, 405 of the conductive
mesh 202. A dry cell 401 supplying of 5 the order of 5 volts may be used in
this application depending on the area of the substrates 201, 203. The

el ectri cal cJheénﬁﬂa@m3@ﬁﬂhﬂavbﬂ@mMﬂﬁﬂﬁexmabmewﬁhmﬁemﬂmbt@Gﬂg fphivbichheat s

t he mesh. As nal evices ter Iecul 407 able t
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I ncl udi ng ragsosioys 3d® SAﬂcbvb'éléi‘fﬂnmrc@ﬁreﬂNé $Ugpiel esrot@h -twhblfhcsgbRIg Mol ecul es
tend to f||| t he pores d pinhol es 409 due to atnoSpheric pressure.

However, as $JHHNAS %H%lﬁflﬂé‘%ﬁpé@@b’mﬁﬁh 808 ohtday celon %ﬁ@@lmwdﬁct |hve
cause em
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202 causes atrmjsmmlstnmes@01p2@3smeeemmcaaburrtahtecawe%amsmgﬁn&Hf@ mesh | ayer

202, and thus helps to st the mgration of water nolecules fromthe
front surfac@oﬁgu‘?twg ’BSFQ%@?— ngPBsqqaéﬁéh%ﬁﬁs

As in conventional devices, water molecules 407 are able to permeate the

10 polymer substrate 201, due to its polymer structure_including randomly
distributed poreé and pinholes 409.. The water molecules tend to fill the pores-
and pinholes 409.due to atmospheric pressure. However, as soon as such
molecules come into cbntact with the conductive mesh 202, the heat of the

mesh 202 and the electrical current cause them to be evaporated.

15
Moreover, the.heat generated in the conductive mesh 202 causes a build up
of pressure over all the surfaces of the mesh layer 202, and thus helps to stop
the migration of water molecules from the front surface of the polymer
substrate 201.

20

~ Additionally, the built up pressure from the heating propels the vapour of the
evaporated water molecules out to the ambient atmosphere constantly,
though the open ends of the slots 310. This discharging of vapour is always in

“the direction out of the display due to the pressure generated by the heated

25  conductive layer 202, so ambient moisture is unlikely to enter the substrate

201 through these open ends. Even after the heated conductive layer 202 has
reached its constant temperature, the flow of air may continue due to any
water molecules entering the device through the substrate 201 and being
evaporated within the device. The temperature of the conductive mesh 202 is

30  controlled to be such that it is effective in dispelling moisture without causing



20 .Addi.tionally, the built up pressure fromthe heating propels the vapour
of the -evaporated water nol ecules out to the anbient atnosphere
constantly, though the open ends of the slots 310. This discharging of
vapour is always in the direction out of the display due to the pressure
generated by the heated 25 conductive |ayer 202, so anbient noisture is
~unlikely to enter the substrate 201 through these open ends. Even after

t he heated conductive |ayer 202 has reacl®®ed its constant tenperature, the
flow of air may continue due to any water nolecul es entering the device

t hrough the substrate 201 and being evaporated within the device. The
tenperature of the conductive nmesh 202 is 30 controlled to be such that it
is effective undebisp) tomdqiiRhEES SN & ' '

consequences to the substrgt es 201, 203@%\@%5@%&%#@%%%2& ure of
about 80C i s FrurasaiuEg of pRowt0 Caiseorefeited. he conductive layer 202 is turned
off, the tenperature and 5 hence pressure of the air in the device wll
fall, possibly creating a flow of air into the device. However, elenents

may be provi dedhe@ape ehvatithe eohtlctdfe GEEPRO2 igtiPndd B IR tefhgethifur€dngn this
air flow _These el enents take the formof filter elenents arranged in

. ma

the air fPow Ci‘?.prfés%ﬂetﬂéﬁ%ﬁ'rdﬁlwe sleyicegyib falhipegsipinereating reflawmvairi on
has been desgpi ddf ' i ' i ih . this respect and many
variations are Og@gs?ét}}ft:ev'd‘% n ?%gl'e:néggﬁeﬁo#%hoe cljénc?/teon?riegﬁnggﬁw PfWBEETc| ear
to a skill ed in@aderdevicse caxiarmnethis air flsan&hase alugeemstriay tak@ielierm of

advant ageous r the mesh to be supplied with electricity intermttently,
e.g. on a pulf];t%aetee{gggt’s qr'@neglelddﬂﬁ?%)afraﬁl%%ﬁ’go a cycle 15 of cooling down

and warm ng up. During each warm ng phase, the air within

10 Although only a single embodiment of the invention has been described, the
invention is not limited in this respect and many variations are possibie within
the scope of the invention as will be clear to a skilled reader. For example, in
some arrangements it may be advantageous for the mesh to be supplied with
electricity intermittently, e.g. on a pulsed basis, to allow it to undergo a cycle

15 of cooling down and warming up. During each warming phase, the air within

the device is heated thus generating a flow of air out of the device which

- carries out undesired moisture.

The construction described above is applicable to a wide range of mobile
20 consumer electronics with low power consumption and lightweight flexible
structures. It is also robust to temperature differences, and provides high

reliability and durability to control the rate of water permeation.



the device .is heated thus generating a flow of air out of the device which
carries out undesired noisture. The construction described'abo&ﬁeéfb
applicable to a wide range of nobile 20 consumner el ectronics k BivE
power consunption and |ightweight flexible structures. It is also robust
to tenperature differences, and provides high reliability and durability
to control the rate of water perneation,,LLOYD WSE 10 Clains 1. An

el ectroni c device conprising: an array of electronic elenents; a first
transparent polymer substrate covering the array of electronic 5 elenents;
and at | east one electrically resistive heater elenment between the first
pol ymer substrate and the array of electronic elenents, for generating
sufficient o repel water nolecul es perneating through the first
transparent polynmer substrate. 10 2. A device according to claim1 further

conprising g, secgr,lpe@g{rg%rdevﬁéb&;mﬁﬁgnget ween the resistive heater elenent
and the el ectronic elements . devicé according to claiml or claim2 in

which the resistive heater elenent is a conductive layer. 4. A device
according to cl aiagm@ranolglestioniselemaatsct i ve | ayer includes a 15 plurality
of openi ngs. 5 A devi ce according to any preceding clai mwhich includes

air channels extefd earispahdift Phifmer Yubbibte bovbbe B a¥dyo8f BRcRbhicheat ed

by the resistive
5 elements; and

at least one electrically resistive heater element between the first
polymer substrate and the array of electronic elements, for generating
sufficient heat to repel water molecules permeating through the first

transparent polymer substrate.

10 2. A device according to claim 1 further comprising a second polymer
substrate between the resistive heater element and the electronic elements.

3. A device according to claim 1 or claim 2 in which the resistive heater

element is a conductive layer.

4, A device according to claim 3 in which the conductive layer includes a

15  plurality of openings.

5. A device according to any preceding claim which includes air channels
extending in the plane of the display for allowing air heated by the resistive
element to pass to the sides of the device.

6. A device according to any preceding claim further comprising an
20 inorganic barrier layer between the first polymer substrate and the array of

electronic elements.

7. A device according to any preceding claim in which the electronic

elements are display elements.

8. A device according to claim 7 in which the display elements are diodes.



el enent to .pass to the sides of the device. 6. A device accordingLég &ﬂg
preceding claimfurther conprising an 20 inorganic barrier |aye % %
the first polymer substrate and the array of electronic elenments. 7. A
devi ce according to any preceding claimin which the electronic elenments
are display elenents. 8 A device according to claim7 in which the display
el enents are diodes. LLOYD WSE 11 9. A1nethod of constructing an

el ectroni c device, the nethod conprising form ng a two-dinensional array
of electronic elenents, and attaching a first polymer substrate parallel
to the array of electronic elements with at | east one electrically
resistive hgﬁter elenento?etmeen t he pol yner substrate and the 5 array of

el ectroni ¢ & enedt Bethed of constructing,an Elctranigggvicg e theymedhod) eprpaisingg
F1ici _ I- _ TR H .
sufficient hedling% f\ﬁé’—%|mléﬁ§|65agg}.r§%‘8fne‘°et‘f%cg§irﬁ’@%§é fs! léﬂH%lgaltcbnﬁg ?Hﬁ%\%i ch a

transparent polyfher substrate. according to
second pol ypelymemhsubsitate paralled o theoarsay bé electonichelemesits witheaatdéasteme and

the el ectronjc._el nts.. 10 11. A netho ccordin o claim9 or claim10
nCuhi ch t nEETAD] GTstupchiater RETReR el B Boliet: SiSg e
accor di ng t arelyadfralddtrodic Werhbnish thes RRMINE NeatéBYIBMdn? befdRA geR¥rating
deposition. 13. A nethod according to claim12 in which follow ng the

deposi ti on tHEicCierd deatiuta i repel ayateri snglacules nparmeating nihopegh nthe. firat A
met hod accortr%inQBaFe%t?)%rﬁér §dbasit|’5'fe.9 to 13 further including providing

10. A method according to claim 9 in which a second polymer substrate is

'positioned between the resistive element and the electronic elements.

10 11. A method according to claim 9 or claim 10 in which the resistive

element is a conductive layer.

12. A method according to claim 11 in which the conductive layer is formed
by deposition.

13. A method according to claim 12 in which following the deposition the

15  conductive layer is patterned to form openings.

14. A method according to any of claims 9 to 13 further including providing
channels in the device for allowing air heated by the resistive element to pass
to the sides of the device.

15. A method according to any of claims 9 to 14 further comprising
20 providing an inorganic barrier layer between the first polymer substrate and

the array of electronic elements.

16. A method according to any of claims 9 to 15 in which the electronic
elements are display elements.

17. A method according to claim 16 in which the display elements are
25 diodes.



channel.s in the device for allowing air heated by the resistive elenent to
pass to the sides of the device. 15. A nethod according to any of @{ inms 9
to 14 further conprising 20 providing an inorganic barrier la EPYR & YReen
the first polymer substrate and the array of electronic elenments. 16. A
met hod according to any of clains 9 to 15 in which the electronic elenents
are display elenents. 17. A nethod accoyding to claim16 in which the

di splay elenments are 25 diodes. LLOYD WSE 1la 18. A nethod of operating
an electronic device conprising: an array of electronic elenments; a first
transparent polymer substrate covering the array of electronic 5 elenents;
and at | east one electrically resistive heater el enent between the first

pol ymer substrate and the array of electronic el enents, the nethod
including applying a voltage to the resistive heater layer to heat it

sufficient|ygto A%e{hodf@ﬁ@ﬁeramqgkiIe@éctﬂﬁﬁaae@ib@@omyr@w the first

transparent pol ynmer substrate.

an array of electronic elements;

a first transparent polymer substrate covering the array of electronic

5 elements; and

at least one electrically resistive heater element between the first
polymer substrate and the array of electronic elements, the method including
applying a voltage to the resistive heater layer to heat it sufficiently to repel

water molecules permeating through the first transparent polymer substrate.

10



