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includes one or more humidity evaluations in which a sample quantity of devices

20 are subjected to a humid environment and other conditions of elevated

temperature, bias, and/or pressure.

[004] A variety of hermeticity tests have been developed to evaluate the
hermeticity of encapsulation packages. For example, for detecting fine leaks in
25 integrated circuit (IC) packages, a mixture of helium gas with dry nitrogen, is
sealed into the package, and a mass spectrometer is used to detect helium

leaking from the package.

[005] While the helium leak test method has been used on many types of

30 semiconductor packages, it suffers from certain problems. Firstly, the hefium leak

test is generally only applicable for testing packages with cavities, and are not
suitable for devices which do not comprise cavities, such as optoelectronic
devices, MEMS or any other thin film microelectronic devices. Secondly, helium
tends to separate from atmospheric nitrogen present in the device, due to

35 differences in atomic weight, thus migrating to the top of the encapsulation
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indicate the ingression of moisture.

25 [008] German Patent Application Publication No. DE 102 08 767 describes a
measuring device for determining the permeability of a material that is used to
form an encapsulation. The measuring device comprises a layer of corrosion
sensitive material present in the encapsulation for electrical resistance
measurements. As the corrosion-sensitive metal is degraded by oxygen/moisture

30 entering the encapsulation, its electrical resistance increases. Moisture within the
encapsulation is detected by monitoring the changes in electrical resistance in

the corrosion sensitive element.

[009] Despite these developments, limitations in integrated sensors in

35 encapsulated packages still exist. In particular, the problem of sensors not
2




having sufficient sensitivity to detect gas perneation at |ow |l evels
of 10-4 g/ ne/day or better still remains. Continuing efforts are
therefore needed to inprove their reliability and accuracy. 5 [010]

Accordi ngly, an object of the present invention is.to Nrpyi -4
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conprises an electrically conductive sensing el enment and an
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evaluation unit. The sensing element comprises a moisture and/or oxygen
70 sensitive material, wherein the reaction of said material with moisture and/or

oxygen resuits in a change in the electrical conductivity/resistance of the sensing

element.

[012] In a second aspect, the invention is directed to a method of fabricating
25 the encapsulated device in accordance with the first aspect of the invention. The
method comprises providing a base substrate for forming an electronic
component thereon, forming an electronic component on the base substrate,
forming on the base substrate at least one gas permeation sensor for monitoring
the permeation of gas under vacuum, and forming an encapsulation over the

30 electronic component and the sensor.

[013] In a third aspect, the invention is directed to a system for fabricating an
encapsulated device. The system comprises a vacuum chamber having
arranged therein a holding jig arranged within the vacuum chamber for receiving

35 a sample, a loadlock connected to the vacuum chamber, said loadlock being
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adapted to transport the sanple onto the holding jig, a plasna source
capabl e of dispensing plasnma for cleaning the sanple, at least a
first material source adapted to forma gas permeation sensor on the
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encapsul ation to a status of the electronic conponent. [015] The
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and/ or oxyg@mgddidnthas perneated into the 30 encapsul ation.
Accordingly, the present invention can be used to facilitate both
qualitative and quantitative evaluation of noisture and/or oxygen
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[016] The present inventors have succeeded in integrating into any
encapsulation a simple yet accurate gas permeation sensor comprising a
sensing element that is reactive towards moisture and/or oxygen. As
25 atmospheric gases permeate into the encapsulating, the sensing element comes
into contact with ambient moisture and/or oxygen, and its electrical
conductivity/resistance is progressively altered. By measuring this change in the
electrical conductivity/resistance of the sensing element, it is possible fto
determine the amount of water and/or oxygen that has permeated into the
30 encapsulation. Accordingly, the present invention can be used to facilitate both
qualitative and quantitative evaluation of moisture and/or oxygen permeation in
an encapsulated device. Due to the simple design of the sensor, the present

invention is applicable to any existing encapsulated or packaged object.

35 [017] The integration of a sensor into encapsulated devices, such as OLEDs,
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sem conductors and solar cells, provides practical benefits at the
manufacturing level as well as at the end-user level. For exanple,
the invention enables a user to estimate the remai ning device
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conductlV|tqnaap8daéonﬁabﬂﬂahpaie§maﬁ@@ is changed as a result of the
reaction. In a sense, the sensing elenent acts as a 15 variable
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oxygen and cone converted I nto a non-conducti ve
mat eri al , a-eacmmertetbyeamt@rcah@um sensiagt elegnt pinopesensgs. amthevater vapour

o) 2 GHBREC A g AR SRS e pchE, Sobuerad o non
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oxygen Sensvlvi:tnlc:i\'l/?alenc%ggélIc%rrenlfl?shcgr?dfctgg %‘éﬁ&h‘(ﬁe g(re gﬂlgce[gn%xm his resuits in
an increase in electrical conductivity/resistance in the sensor, and this change is
readily detected either by measuring the potential drop across the sensor or by
25 measuring the resistance directly. An example of a gas permeation sensor that

operates in such a manner is described in WO 2005/095824, for example.

[019] The sensing element comprises a material that is reactive towards
moisture and/or oxygen, such that it engages in a reaction with moisture and/or
30 oxygen and becomes partially converted into a non-conductive material, and
thereby altering its electrical properties. The material preferably shows
measurable change in electrical conductivity/resistance upon reacting with
moisture and/or oxygen. In some embodiments, the sensing element comprises
a water and/or oxygen sensitive material such as a conductive organic polymer,

35 metal, metal alloy, metal oxide, and combinations thereof. Exemplary materials
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35 netal, netal alloy, netal oxide, and conbi nations thereof.
Exemplary materials 5 include Goup Il netals such as Ca and My, as
well as transition netals such as Fe. Conductive organic polyners

may al so b‘?nélﬁé@ Hoﬂﬁ'lpﬁ‘e‘l’&sl%bﬁad%' Ch #hd Mpoéymanr@sl faAdiflon metals such as
pol yt hi ophene, acetyl ene - p- phenyl'ene, and
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over a long period of tinme my corrprise mat eri als having a | ower but
neasurabl e reactivity. 15 [021] In one enbodinment, the sensor is
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el enent to nors 'y sinmila

t he el ect r anateriabmipavieg s, lower bh’emeaammie)reamﬂlvlme accessi bl e surface
of the sepsor is simlar to that of the electronic conponent. 25

Anot her E ssible option of inplenenting this enbodinent is to provide

simlar erfoappul iat bﬁ@ Sinbodinieies the oserdor e gesigped rwrajnoanalegaerto the
and the el ectronl c onent, SO thEt bot h sensor E | ectronic
Component . SIRLENI EBBRERIT Yhersky Saker At 8t AhichiBEyPECHRRIG Component

oxygen per rH“eEfréﬁé‘s withirl SHe? bnERpTRAidH Wnﬁfcﬁé&?b?@ﬁé@é@ &t WAhTRE i@nsmg

tested during t manuf acturing process, or during use of the final
product corélemenhin thecsensesgiegradesd Thewsansing elemariof e gbirastpne sensor

failure ﬁﬁ%é G hP MBI pﬁQQQBFUL %‘?{glcﬁl Grhieal broperty that is at least

substantially similar to the electronic component. For example, the surface area-
to-volume ratio or the reactivity of the sensing element to moisture and/or oxygen
may be substantially similar to the electronic component, or the dimension of the
accessible surface of the sensor is similar to that of the electronic component.
25 Another possible option of implementing this embodiment is to provide similar
encapsulation structures around the gas permeation sensor and the electronic
component, so that both sensor and electronic component are each exposed to

the same rate of moisture and/or oxygen permeation.

30 [022] Hermeticity of the encapsulation may be tested during the manufacturing
process, or during use of the final product containing the encapsulated device.
For the purpose of failure testing of individual encapsulated electronic
components during the manufacturing process, for example, a single gas
permeation sensor arranged near the electronic component may be sufficient to

35 determine whether an encapsulation structure is airtight or not. For large OLED
4]



conponents during the manufacturing process, for exanple, a single
gas perneation sensor arranged near the el ectronic conponent may be
sufficient to 35 determ ne whether an encapsul ation structure is

airtight ordigﬁltag e b@:ﬁqgﬁs@gﬁﬁan? ESPOAY dOMEoneHREPt intdP Be"BNhterest to
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of the sensppjastionssonpernitlissiareaining eneratiomddite eb FleRig. component
principle, gﬁfﬁe%asdeoer nmeati on sensor nmay be placed at any avail able
space within € encapsul ati on. For exanple, the sensor may be

pl aced near the edge of the encapsulation to avoid having to alter

t he existi rchitecture of the el ectronic conpapent.. .

Al ter nat 1 0atgaft e YBrel! St dyanemntSce Rrirdl WG the epgapsulation have
el ectroni c s 86nfetASERS tn PRHEpRS BHCAL §4y pbhifeatRf! BB@drafay be placed at
conditions near the electroni¢c device. In enbodi nents where a

plurality oansawmaitatle space ydthindae ensapsdlatian, Famoxaapie the gensar Mavibe
the electrgni 0 r | ; t ) iati

Sensors. mayPtAecd TRAPIAE Hagot &8 en ol ficho sllaHARRF 5 alfeh fhe eyisting
t he her et i architadtuies cfotheu sghecttamic t eorbponaitk . AltEroatialy,pdreresstison may be

sensor al s@ be arranged.n ul rig.ar e

I nter spﬁgeW%]%?%h%%?e ?ﬁe, th%c%ﬁgﬁsglﬁ (%{?V&ieogﬂ] a%ﬁg%ppﬁ{g'f?aﬁ%h'éaﬁew the
Wlhi ChI ft[le S;@éf reation bﬁh@iﬂgﬁé g@bdrntr@ sedtiored e:%ﬁf\ﬂtml I Iedﬂ)dcmiaientst Igﬁwere a
plurality of sensors may be designed to be sufficiently small, B an
arranged ;&'Hﬁ%’%ffasrﬁns@é%ﬁéﬁi'@ﬁ dlegcﬁq nSENEHi Wayhéee@fé%'&‘%ﬂ ﬁrPBW%%he
wi thout di s¢pfrbmig E@ﬁpéhéﬁﬂ,t&ﬂw Saiflfret RStiAGCHLFRRES, GREPSSRYrs MBY be
enbodi nents in which the sensors are integrated into OLEDs, the .
sensi ng el emsangest athéooadingsrinmdlye wac\;@%llagm & ewhitha theyahernaetic seal is

o Toss CRARERRE I bpWERL CTHE Ba RO brsbr e i B8 i o

i ts | engt h. re§elergridsazangayerat, fdetsperses] thnawghaut ke eqoapsallatian.t o OLED

[024] In applications in which the sensor is integrated into small electronic
devices, the plurality of sensors may be designed to be sufficiently small and
25 arranged to occupy any convenient location within the encapsulation without
disrupting the architecture of the electronic component. in embodiments in which
the sensors are integrated into OLEDs, the sensing element of the sensor may
have a surface area that is exposed for contact with moisture/oxygen which is
less than 0.5 cm?, or less than 0.1 cm?, the width of the sensing element being
30 twice its length. Sensor size may also be designed to be equivalent to OLED
pixel size. The distance between the sensor and the electronic component on the
substrate may be between about 1 um and 100 um. The distance between
sensor and electronic component may be between 1 pm and 10 pm if fabrication
is carried out via precise fabrication techniques, such as lithography. On the

35 other hand, a larger gap of 100 um may be used when shadow mask is used to
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pi xel size. The di stance between the sensor and the electronic
conponent on the substrate may be between about 1 mand 100 m The
di stance between sensor and el ectronic corrponent may be between 1 m

and 10 M ! frabAbsCfe S so'rsa aévgg Adfactn® s §8i§%n§aﬂ8é'§p%r E@Mapart from

t echni ques, as I han ger ‘gap
of 100 m nesadbecthsedt ameaumat&eldwtatme@ atémttabouﬂfcanrl cate the

sensor and device. Adjacent sensors may be spaced apart from each
other at any suitable distance, e.g. at least about 1 cm [025] In

order to priegsnt RNYBréérokd -revent bhpgshet-veeuiting risstiveehi siesuipfinebeof $he

sensor and circuit lines of the electronic conpone due, to the
pr oxi mi t y3 cTensRE angeflEchit lines: pleths @89?%9&%%9%@7@# the groxmity of Jhe

i nsul ati ng JmIBF itdthEBeBfonit MoPhRSIREH, BRUBERCAINE iktsir nfété’ﬂ‘@nﬁ'lay be
fie

and the el ectronic conponent, for exanp I n one enbodinent,
el ectrical Imtarp&s&mtherﬁgemtfhel aensisg s@BmanéoBﬁd dhe @l@psromdeqmponent for

et orals DoY) AFudRmdRahhe doe ST inddotg PateH 8PS SEK 8 Hom
For exanpl eyolgnidegsaryianer polgstyrérss and popainyrenlotidet i s

substantially perneable to gas may be applied onto one or both
surfaces8f the sensi ng el enent, to achieve uniform degradati on of

the sensi ngoobPmealppiHdhtaryLAaRHaEPhayTBE iREUBE IR 4ABI serRek Y5RN it
sel ected fgombfhe g?%u coﬁrgl Stal ng of %%T? |!I cu polqyrrers nd par{?lmevr?eES

type pol ymacr@forman@ﬁ. of gexanaplgol gméinet ol@yer seagPESingi 13 c@wwl%séma is

I
bort1on” of SRERHRLY BERIRaGe ® JASTER.bY Bonfif onfFRE dibdh suffapbs bt the
sensi ng elsrmsmg éllecrrerm,hlxosacméveianﬂ@m dagradgatlbahuflthatseuamg'ﬁmnent Such a
o b 18 A Sb Y, 5 PR SRES b Si i Bufb BbreRuEhfhorvic
[027] The giiamstd, aémpreaamén@rtp@@tﬁdmeﬁsmareéreqmr@@hcc polyREteRImprisiAy a

noi sture and/or oxygen nmay assune any suitable configuration, or
ar r angenentsikggngnbaged Q@Y'ﬁﬂﬁ’é lgranotiaeicéxamapigad or @t,ecgy%gqyeg cPvRiing allegst a

descri bed 'ﬁbéfﬁgr}\gégtﬂél %@?ﬁelé?ﬁeﬁ ﬁ?a?!eéilsﬁ%esﬁﬁt]fﬂtﬁdﬁe%stca rdl8S&CHe&hsing

in US 6,8111 ayert In-film con uratlosas
descri bed ieletisnt, 866, plovsita damegeadbamgufebrutatiqn i §he aprotesiize layhe may

el ectronig co?nnﬁ)r?&e%atettiggrsel?éﬁ agnad%ectal,neg hdisi §|l8ﬁt£%éﬁl AR i organic

agai nst
polymer and combinations thereof,

[027] The encapsulation for protecting the electronic component from moisture
and/or oxygen may assume any suitable configuration or arrangement known in
25 the art, such as barrier stack structures as described in or WO 03/047317, or rim-
sealed structures as described in US 6,81118,479, or multilayer thin-film
configurations as described in US 6,866,901 in which a barrier film is laid over
the electronic component, thereby sandwiching the electronic component against
the substrate, or any suitable combination of these encapsulation configurations.
30
[028] Regardless of the encapsulaton type being used, an electrical
connector connected to the sensing element of the sensor extends through the
encapsulation, so that they are exposed for contact with a driver circuit or a
signal evaluation unit or any other external circuit. The electrical connector may

35 comprise at least two electrodes. Electrodes may be in the form of metal contact
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the substrate, or any suitable conbination of these encapsul ation
configurations. 30 [028] Regardl ess of the encapsul ation type being
used, an electrical connector connected to the sensing el enent of

the sensor |gekemsts gt BoRaeivehgim epRiRRS Bk@hbenthreGgh Ak ERGab<lItion to be
exposed for contact with a driver circuit or a signal evaluation

unit or anyeXpored feseerael circuit. The electrical connector may 35
conprise at least two el ectrodes. Electrodes may be in the form of
nmetal contact 8 lines, or a conductive filmwhich extends through

t he encapsypba8] onFoo bertaiex pypdidafians coeguiing F0RGENFobariert groperties  in

applicatipns requiring stringent barrier properties . 5 conj.unctiaon
wth a flSMONGIREE A dexie Snogpiiator & Mufilayer Thintimcariseibelifitgn May
may be usesh ulbH! Matiayet Minfirhs ppicEny @ahptiseoshs ickemone I@yer80dfebarrier
| ayers of barrier material that has | ow noi sture and/ or oxygen .

per neabi | i tRyaterighthat fasdpwamngistey afbﬂoé@K%%EGW%*@WJB?%ﬁ‘ate”a|3 may
consi sting | , hESi QX4 ) ; i i ;
organic poIHyn%%&?gdﬁ%mgﬁérgeréﬁéolﬁghglgﬁg%] %zﬁ%ﬁg%lﬁggrl’e% ?ﬁ@oﬁgﬁ%’ norganic
exanpl es ofpadyrgard, copgainjergpolyraers angd imizlwee apbxpmingkens thereof. Some

et ode pirereaiived 81 SriteP BpioHiek | Daffers JoBRss ephsl ' Ry RS polvsuiide,
wi t hout anysilfvane ded bobluesthahsoOgganie bartier lagkss ireliele paryBa, ®I¥nide or

CaO and MJO materials can al so be used, Additionally, th barrier
| ayer mat erd%YlE 'awrﬁeo'ymeéaaée coalMIBRYRY RRPQPRItcies. dpgrganic aterials

as T, 15 MycnhBas gaesl $ro, d_%@ A M) mA¥REISC @ ng?ﬁ%)g%@rﬁgd@iﬁonally, the

ei ther physical or chem cal vapour depositions ne | .
t hi ckness dfartigelayar ragerialagen besselectegifeain varipus gietallio @leroents sushzsoTi,

nm [039115Tl\ﬁgoiééve§ﬁ@réa.h%¥|% by fa&?l’ ctel?ﬁgksnﬁsgéﬁ{édo'Bgofaitﬁerg\?g&sical or

permeati on sensor T nto an encapsulated device can be achie
w th m ni medhettioplr vapee tiepodifiensheraterdbdwi The dhickhess ot dips Haatieotayey may

i mpl enment i a ltilayer in fi conprising at | east one |ayer
havi ng di sBﬁP‘EE&EFQ%a% i n'}dj"%@ctpii}:gj MRanoparticl es capabl e of

I nteracting with noi sture and/ or oxygen to retard the perneation of

noi sture and/ or ox%/ge_n into the encapsu] ation. As used 25 herein, the
term "i nt erl880] ngThe ein¥prtory haye fryy dhat dhe dniegration oht2rgas ingkmeation

bet ween Q@is?n%?irﬂ‘é"ynoénc%bgg%‘?e@ﬂgvikg%aﬂaﬂéjga‘iiéi/éd it migirhBPdompromise to

noi sture an
the hermeticity of the encapsulation by implementing a multilayer thin film

comprising at least one layer having distributed therein reactive
nanoparticles capable of interacting with moisture and/or oxygen to retard
the permeation of moisture and/or oxygen into the encapsulation. As used
25 herein, the term “interacting” refers to any physical or chemical interaction
between moisture and/or oxygen and the nanoparticles, so that moisture and
oxygen are removed from the gas permeating the encapsulation, and thus
prevented from reaching the electronic component. This definition includes
interactions such as chemical reaction as well as physical adsorption of the water
30 andfor oxygen molecules. For example, the nanoparticles may comprise a
material capable of adsorbing water and/or oxygen, being a material such as
zeolites, or carbon nanotubes. The nanoparticles may also comprise a material
capable of reacting with water and/or oxygen. Examples of such materials
include metals and metal oxides such as Ti, Mg, Ba, Ca, Al;O3, TiO3, Zn0, SrO,

35 Ca0, MgO, and BaO. Inert nanoparticles, i.e. particles which do not react with
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oxygen are renoved fromthe gas perneating the encapsul ati on, and
thus prevented fromreaching the el ectronic conponent. This
definition includes interactions such as chem cal reaction as well

as physi calm@idfe Rirididr 8kyddre may %IquQeaﬁélb@éctf Q%Xﬁ?ﬂn@lﬂla&émﬁﬁ;ﬁ-in Rf¥er to
cO ca

exanpl e, the nanoparticles my nprise a material capable o )
adsor bi ng sEchibE opemsajiar, dbenppturengneiarapxydfih ial thegngapsulagen.
carbon nan :!él?@? T e 0 I | :
capabl e ofcﬁrea ie?lg&\?mmtgﬁé}%§g§mg¢1§%8;@%x($ge§npc anﬁrﬁﬁg%ﬁgégws include
mat eri al s gahd,| coppenesibles, piatinumi silicaxvdibastenitdy ragllile,  mdtynoBlonitea silicate

A12C8, Ti Z S 5 0, O, d.BaO. | . i ¢l , .
e nar t1 el kRt oless. ALBpofeR g ey A BRGRERat §lp8R: catgipm
al so be i nafiliedes! glabst Raldiumt aluayeumf silicate ylasslecaltiam aRghinugt filiblsilicate

permeati on of nmoisture and/or oxygen into the encapsul ation. )
Exanpl es ofdl@%h ditaRiHe GRATRIGe.caiffdsium seadbids. ZBFaNiuAE Nitidansiheen icaridde. or
| ncl ude gqslil%npﬂﬁﬂﬁé’ uﬁét‘a]’eéulﬁcg’és%t hH{a‘”la i ?@,owdmpaﬂaﬁ Shereof. The
mul lite, nmonnorillonrte, silicate’s5 glass, uorosili cate gl ass,

f 1 uor obor ogidniopatticlef awy, baldistrihoted withinea globsser, cul aryuathes iduitableebinder

gl ass, cﬁ Lu lumnum si li.cate glass, calcium al um num

fl uor osi cc!%'f lgg}lg@ga%g,n%opgﬁtf@?ﬁ'carbi de, zirconium carbide, zirconium
nitride, silicon carbide, or silicon nitride, netal sulfides, and a
m xture or conpination thereof. The  nanoparticles efrrggrrbe di stri but ed

within a pdPyRkr , INopna xegrplary semtt%iaven’bia{q@ast o %61 l@yeg henieg low
nanoparti clgss lﬁ'@%/{ll)moﬁfb%rfaﬁém&dm‘tg?ﬁﬁ@%W@Qéb ord sbé@?@f |RRE comd)rising
barrier layer having low nhoisture and/or oxygen perneability, and at

| east one Swabpagides eapadensfinteractingaditfp maistore endipariygenfare included in
I nt eracti | D) e _a r_OXVY0J N ' t .

ket 0% D R A58 B ke By i Sputeton
encapsul at iMetal okidedarner kgebnard esnvemfionallyakeowo iy end vida atroyglkgasvivarrier

to provide strong g barrier roperties. Howeyer, pinhole defects .
are typl calrgPRaaRd e Rs Bnhele Helatare) SHERLY oyl i fyoshdnp d e
barrier propgsrsi Gfmitintehdin\yaRt BAGieh repétidsd THeatnveltordshdv@d i that by
oxi de barrier layers 1n conbination with a |ayer of nanoparticles

t he 20 gas USHIY U‘@ltaW)Qb(ﬂ)%Pﬁg“Qﬁ'anPfé imﬂommﬁ%cm withra |ayer @Bﬂ@(ﬁ@ﬂamde& the
subst ant 4@l .\, : + h oparit,LC ; hy ftggn eciS
in the n%@ga%ogléﬁ‘éetrb@;oljl e5 ng@ra h‘lﬁﬁltﬂée;rnﬁmgﬁgf@ﬁrrg\éég %ﬁl rret%ﬁg‘ Cétshéhe
barrier | ayanopastictesmpre fwugit & seal thesdefects inatheAnetzd oxideobarri®ir Gyesr In
indiumtin s%)r(ﬁedSrechlelj;géi ’enl;l%di%)é?ﬁg?ltﬁé barrier layer may comprise metal oxides such

as AlbOs, HfO,, TiO; or indium tin oxide (ITO), for example.

25 [032] The concentration of nanoparticles in the sealing layer can be varied
according to how stringent the barrier properties of the encapsulation are
required to be. In theory, it should be advantageous to employ a high
concentration of nanoparticles in order to increase the water and/or oxygen
scavenging ability of the encapsulation. However, in display devices in which

30 optical quality is important, such as OLED applications, requirements may be
placed on the amount and size of nanoparticles to be included in the multilayer
film. For example, in order to prevent light scattering through the multitayer film,
the size of the nanoparticles is preferably smaller than the characteristic
wavelength of the OLED. The characteristic wavelength is defined as the

35 wavelength at which the peak intensity of OLED light spectrum occurs. When the
10



25 [032] The concentration of nanoparticles in the sealing |ayer can
be varied according to how stringent the barrier properties of the
encapsul ation are required to be. In theory, it should be

advant ageo [ f e

ordor 1o 1 rarEDs S e e Bl o SRR O S P BEpIep Tl fzp of the
encapsul at igeiteriamisles maynbehtsgnba&y tsgi than %ranmptaﬁemisotassdhan 1/5 of the
quality is inportan suc i cat | uir nt s

'2ced” on’ ETnETRES A el AR SR eBES iR beRE Rl sires of
nultilayer |g&s |tﬁanQOOﬁmaﬁﬁHepreféra‘mdﬂéss§ ahaheveniml ilBhsofeAlehespsdation
through the multilayer film the size of the nanoparticles_is

or ef er abl § ASRETSG1alge PaTides MRV becdpaitatle, TaaaiaBIRle Wasre: fids cpawred to

The char actgfjcSddfteRued e i yined as the 35 wavel ength at
whi ch the prg%akesél nt gns?tyw %LED ght spectrum occurs. Wien the 10

encapsul ation | ayer designed for TOLED or see-through displays, the

ororerably 038E ¢ hAME EiictimERY %, biRbbAtes HES Jelithaten 3 oy
these rati aiameteresPa0dtot B0 pan tarel tergjtr ef dtwebAsHO0AMAto200maitdmay be

preferably | ess than 100nm In song enc ation 5 desi | ar ger
par ti cl edV REVAEARAIS ihIUSE RYIORALHEIRS & \Aﬂi‘gjﬁﬁeﬂtt asoqseangr%e% n Or‘iﬁ%to

scattering &fstérh%eeﬂﬁet Fa‘?ﬂohl Q&km%%ﬂsﬂbrbf%o%ﬁﬁl%ﬁmhe thgtilayer film to
nanoparticles are rod-shap ave dianeter of 30 to 50 rimand

| engt h of tﬁﬁmeﬁ@awmse@!m@iﬁme elecirapiceempanedvant ageous to use
nanoparticles of different shapes and sizes in order to custom se the
random packi ng density of nanoparticles in the nmultilayer filmto

achi eve ef f[084] veWteaki tihg efectrioeicelceatpoment cuonprisesntan mj£4} Mheng other

t he el
hat o 15 i SPGB e YL sy RRTRGDEEA i
in the W'thé'rﬁNlﬂrayfeHﬂmft@lmﬂﬂf\ﬂéVl@s bbﬁcé?ﬁirbﬁé‘ﬂtne@r%%éllﬁmsﬁtﬁh‘ﬁ@'dlffuser
filnms such as diffuser fil may provi ded to achi eve optimu

| evel s of Ifilggkt “"ﬁb’ah@rﬁ’@é’id@ﬁ wqﬁpblevef%t@wm%w%ﬁ ﬂnﬁ‘dghﬁgrQWIsﬁlgﬁtwhﬂe
tical fil OV t -
Optical fi éf%cﬁ@éflyb(gﬁgi@%'stﬁ&ql,?ﬂ? G f!éﬂﬁmﬁ ?‘B& @?B&J{S%ﬁ% allidht nég;f/ra%on

case of top-emtt radl I on
conprise a layEar Gastbeneaser vhtoprettitting @LEDS). cTtadfﬁonedithghé ctsfﬁJa‘iméilms may

oxi de 11 PreomiaRsLd e oA adiatuRBaRt aRful "y, AR b 608 e
fabri cati orpptebh@lin rRag &lss compsise an inorganic transparent oxide film. The optical
film can be deposited by any suitable fabrication method, such as physical
vapour deposition (sputtering, thermal evaporation or electron beam
evaporation), plasma polymerization, CVD, printing, spinning or any conventional

25 coating processes including tip or dip coating processes.

[035] In order to further reduce the permeation of moisture and/or oxygen
through the encapsulation and to provide additional mechanical protection for the
encapsulated electronic device and integrated sensor, further encapsulation
30 structures may be placed over the multilayer film. For example, a cover substrate
may be arranged onfo the multilayer film, interfaced by an adhesive layer tacking
the cover substrate onto the multilayer film. It is also possible to include a cover
substrate without the multilayer film in the case of a rim-sealed encapsulation
structure, such that an inert gas filled space is defined within the encapsulation.

35 The cover substrate may also be selected from either a hard or flexible but
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vapour deposition (sputtering, thermal evaporation or electron beam
evaporation), plasma pol ynerization, CVD, printing, spinning or any
conventional 25 coating processes including tip or dip coating

processes. rﬁﬁ'?l%r blbrbc%t@ﬁrregfétérﬁ% rial %ﬁjé’(ct?ar{ DRhBEINIERAIH R fSifces and thus

noi sture a oxygen hr ou encapsul ation and to gr ovid
addi ti onal ra@mnhyanabd@nege|torthednuftllae'er dilvo agpsliorathedeler @mcdmmponent

devi ce and t h epca t. 0 S

be. pl aced CariRe i draagep ety S, B, Ges, P LHBLERE PO
may be arr goggtopyibnet (RP)diydakenatel | glass, ningidraci diden aadhiansigarent
| ayer tack| % the cover substrate onto the multilayer film It is

al so pos €8 i ncl ude a cover substrate without the multil ayer
filmin the case of a ri mseal ed encapsul ation structure, such that

an inert gas filled space is defined within the encapsul ation. 35 The
cover subst{%(ﬁ]e nHye dlase petrate supgortingnihs elestronicheempenent ardhe gas

but 11 Pr el a0k Y SSEALEN cLESLANaRLe MBRET h bl 3hatedm barrier
g A8 M {barri

i npact forces SRd th us qite P S|ca arrage
and/ or t he pedppatieenThe csnthyptramw*suppcﬁt«agnhesaleﬂtrom eompbsnehhahd msbe may

d i d thyl e PET PP bonat
o ass. | HCGHITSE R deolvmbic: b onnling qorvede MepRFeine shake as
substrate gpRAFHOMEte! hgo%@mém Cpcﬂptﬁam%hean@pb gasinspepoEatiyidhe

sensor can rﬂr;grl se any durable material having h}%arrl er
properti es lerepgthalaie; r pelystigias: t pﬁ@umea@e%c@n@np@!ya@wb%iﬁ\%mlt affgy also

o LSS NG Y, o, S A e

resins, polbymyhgdpemmdlewlemm palydtoh]orpphgsmhazenesanmwatwes#nm'sohnd
polyacry tes. It may also conprise inorganic polyners such as

silicone pol ydi met hyl si | oxanes, bi scycl opentadi enyl iron,

pol ydi chl o [OFTS NBagE nRibatetaie ry abpiiesilly hesated. with b&JEr Base comprising
substrates are optionally coated with barrjer filns co

single or ®iNde [S’Irémt‘malﬁstﬁ%m%e%mﬂa'&ﬁ&ﬁlqyﬁﬁﬁgr\’w @%rﬁg %ﬂ?ﬁ detal
llayers. Meigige %h‘?@r mﬁ{é '(Qéofkr{cﬂ% (R BArreRONBCRS REIAIR céﬁ‘\éﬁgé)muitlple

normal |y conprise alternating layers of org_anl c and
i norgani ¢ taﬂtemartmr iaeiers pf wEganie gavl focgenic g, bawies Jibns aOrganigl ¢aglings,

nor mal |y, AisGeHS &g ggnmcéar}‘%wngnyl%er@elaeta\ge%n $affBwich layers between two

consecutive barrier oxide films. The barrier stack substrates can be transparent
or non-transparent and can be cut into preferred dimensions. In organic light
emitting display (OLED) applications, exemplary barrier films are preferably
substantially transparent.

25
[038] An important consideration for integrating a gas permeation sensor inio
the encapsulation is the issue of integrating sensor drive circuitry into the
architecture of the electronic component. In exemplary embodiments of the
present invention, integration of the gas permeation sensor is achieved by

30 providing separate circuit lines (independent of the circuit lines for the electronic
component) for the sensor within the encapsulated device, so that the gas
permeation sensor can be connected to an external circuit and operated
independently of the electronic component. It is known also that both passive
and active matrix OLEDs comprise column and row electrodes which may be

35 tapped to drive currents through the sensor, from which gas permeation
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consecutive barrier oxide filnms. The barrier stack substrates can be
transparent or non-transparent and can be cut into preferred
dinensions. In organic light emtting display (OLED) applications,

exenpl ary brﬁééélﬁ%n{ér,@‘?nayﬁe Riffecrably substantially transparent. 25

[038] An inportant consideration for integrating a gas perneation
sensor into the encapsulation is the issue of integrating sensor

drive circui [ .Lec e e r@Qnic t
I n exenpl amrsgxbogﬁﬁrs%?@n%ﬁ{ ?ﬁgé'%pﬁag‘éeﬁﬁ%ﬁl@erﬁ flvgﬁé Oﬁn e%é%ﬁ{alagﬁﬁ%f OLED
the gas F?rmi egcﬁ@sztbbsés?r@oigbavw Swoﬁ?npsyatfm mg?lsem?y #eemodified by
circuit lines (independent the circuit lines for the fronic

omonent 5 ThepoM LG HnTe APRTAS dhe Gog RATTERUAN (poE IndBS Aapendne

gas per”E_aéibet%l‘ﬁ@néc%p&ﬁéhtbﬁnéOm@e?é@dpérﬁwe%’ﬂioﬁxﬁéﬁw cah6élidoupnsl to a
operated independently of the electronic conmponent. It is known al so

that both pezwsinea drivedciseuit. \Rowear # iolass peesipla &y thel elaslrenia coswonent
el ectrodes ' ; ri r e
sensor, fr OWC@%B%%%%WES?%&r t@ 9 g #g\é@g?ﬂéﬁéﬁﬁe %ﬁgé}é@gwr%a%'le&'tf’d 3(:9]the
The segnentgalr peansatiord sensowis donvested dd a fiesinddvet iconait, &hdlhe electronic
driver, such as thqose provid by Sol omon Systech.Ltd. be . . L
o 1 d 1ycoBPoRRI B GPARPHEACP SPEPTR BVE FEP LR PheaymEIey dineive sircult
sensor. | n e JREPBFMehiieh SERSIIAAY CoRpRENES)stéRtiol BetdtRfining the status
perneati on sensor can be coupled to a comon drive circuit. However

it is al so ¢fodRielpelromie anBpeI@Ht iNoAN cereamsylaied davie imacgagdance with a
pernmeati on ﬁﬂﬂ@f’é%ﬁé’ct%? thOMRRtiGS a%ﬁe%%ﬁ?é@b‘é)fﬂ.'\)\(lﬁgf‘\é é%\épﬁ?ate ldrie circuit
the gas pernedtion sensor Is connected to a tirst drive €ircuit, an

t he el ect r deiusetiCfoc thrp gas mermsatiomisensar nbomadification neeils ¢éo dier made to the

For exanple, .the drive circuit for the gas rmeati on sensor may

conpri qug és’ﬂ%ti ¥+ C‘&‘é{‘é@ﬁm&% ﬁl c{rﬂgicsgog?%?e?gf an electronic

conponent in an encapsul ated device in accordance with a further

aspect of the invention as described bel ow. Wiere a seglgat[_late drive
f

circuit id048kd fornenempadimentndhe; YRcitieak SPNNREORH & e a87% PerREgtion

to be made 51, 8 X4 i I iV Qi i | }
Comenent féé‘f%’fe‘f‘ﬁg’oﬂﬁ %@%ﬂw @ b s:tgﬁbr Waludtioh LAR © eedd<Rifé Ca property

odil nent , e electrical connectors of

gas per neatassociatethswith teg electdoaipresistance ofitheasensadl frxenmmeswifta signal
measure 3,PLaRGtoh unit includes an ammeter, voltmeter, ohmmeter, muitimeter,
wattmeter, potentiometer, and source meter etc. A display unit capable of

displaying a quantitative value associated with the amount of moisture and/or

oxygen that has permeated through the base substrate, such as an LCD display,

may be included in the signal evaluation unit. The gas permeation sensor may

25 be arranged on the side of the base substrate that faces the enclosure in which

the object to be protected is placed while the display unit is arranged on the

external side of the base substrate in order to facilitate easily reading of the

hermeticity measurements.

30 [041] A feedback controller for modulating the power supplied to the electronic
component may be coupled to a drive circuit connected to the gas permeation
sensor or the signal evaluation unit measuring the change in the sensor so as to
receive feedback on the extent of moisture and/or oxygen degradation within the
encapsulation. The power supplied to the electronic component can be made to

35 vary according to the feedback provided by the sensor. For example,
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associated with the electrical resistance of the sensor. Exanpl es of
a signal 20 evaluation unit includes an anmeter, voltneter, ohrmeter,
multinmeter, wattneter, potentioneter, and source neter etc

di spl I
di splay uniyganalle Blycdl SPLAUNOIESHANR g H@eﬁgﬁ@%gk% the

ure and/or er nea rough
t he base sulegradatagn eﬂctrhe astiamn Emﬁlhedcem materiatain bajernltol ummrjensaterfer the

signal evaluati uni.t. The gas teation sensor nay. be, ar
on’the o ado8t P rhutdhiess: (ot BRFIR Pt BR0RE° lbpued 8 R FREE ‘any
the object dumabR: Ricetback ednirsl NGaeheh Myl e LSed H \?\iﬁlcfh\fthEFfEédbéck controller
arranged on the external side of the base substrate in order

facilitate BHEAEPS thedoMmer élﬁaftlﬁé)e!m@ff%m the glealogis mﬁpaentses [tium;ezrtent
A feedback &0 %‘ﬁé gﬁrr‘%aﬁ&ﬁ lﬁ%dﬂqeaéhg%émloqpﬂf‘crreéé%o'be(exraﬂ‘lr[':ﬂ@eA ?edback

el ectronic ent nay be coupled to a drive circult connéecte
t he gas permm%noi onodgle nmay mconplmeate'dgmm the alrivat ciweuitiof ttheegas pengeation
k,on_ the exte

t he change | he_senso a re f
ot stur o PSP aRyHaRT (B i eRaBARk T RESURR S st RUPpled  the
power supplOEBEDtdatthe wl@ahiion glecesisy) Nlierfaiivdlg, aRARplcd s%ﬁJtMWWOuId be
accordi ng@lto t he feedback provided by the sensor. For exanp

| uni nesc&MtiOdBEHEESA sARArake doversdroyddenavald rh?éang)wewﬂfeeﬁa@\g maa@ted
degr adat i oryRfrd he active | um nescent material. In order to

conpensat e for the |oss of brightness, nore electrical power may be
supplied to the OLED. Any suitable feedback control algorithmmay be

used i n whi h e er5| e eort IS .
bei ng fed t[ﬁﬂgt eT S %hé(rg EWHEM asaq?xﬁgg@g %ﬂ Oéﬁ Z@éd Qﬁ& fiéxible
per maalt i on eq@pshlhﬁoa@mwlaaw;ed tbrmicmﬁﬂh dﬁ_tefavry @W@I@ﬂ@ft may deddmniged
contro ul e i ncorporated into the dri circuit of t

ot | R HerE absurs, W RRRRITS AT suvese PObSHAE Helerohernal e I the
current suMcapdulalioh sr OgE@% Vit & Q@%é@nﬂ@ﬁétb@d\’tﬁb?%é Q#8Sent invention is
Al ternatively, a si dngl er solution would be 10 to include a separate

drive circ@ppligableydpa Bavi pcapswlsiast kobieckt phg deiicegr adedingr igjestenic
[042] The pigstiHe %“‘fﬁﬂ& itBfhs dé?dﬂBHéénﬂ?é&l icEa %hgp C?xﬁ'ﬁ leslcﬁ)ﬂle)t%)tfonlc

encapsulatlon struct’'ures used to encapsul a
damaged 15:0fnpmneevt$)asuludet solani eelisy epassiVeorarnk yegtine @rgd!mughght mettmg

Lﬁgg g,? gg% ﬁ%vg&est k@L%%’eﬁﬁg%eﬁqu%nd i VICestCCbs) mlcro el€ctro-mechanical
sensors (MEMS), and thin-film transistors (TFT).

[043] Other than encapsulated electronic devices, the invention is also
applicable to any hermsetic packaging, including conventional packaging
25 laminates, on which it is desired to integrate a gas permeation sensor, such as
Tetra-Pak® packaging materials for food or blister packs and containers for
pharmaceutical drugs. The gas permeation sensor can be readily integrated into
any existing packaging material in order to provide hermeticity readings of the
enclosure within the packaging. Accordingly, the invention is directed to a
30 package for protecting an oxygen and/or moisture sensitive object. The package
comprises a base substrate having low oxygen and/or moisture permeability, and
at least one gas permeation sensor that is capable of measuring the permeation
of gas through the base substrate arranged on the base substrate. Each of the
gas permeation sensors comprises an electrically conductive sensing element

35 comprising a moisture and/or oxygen sensitive material, wherein the reaction of
14



applicabl e for any encapsul ated object or device, including
el ectronic conponents, food itens and pharnmaceutical drugs. Sone
exanpl es of electronic conponents include solar cells, passive and

Ci o : . "y 0 : _ € _
ety O A B IR AR 6504 Eal A abec e dectica
t hi n-fil m tresistarcedodUTii)y. of tBkemihgrelément. efwe apexilicdl exbreleetdrr capable

devices, the invention is also , applicable to any. hernetic,packagin
i ncl udi ng. CBBREFUMEIhe SRR Rl 16 2 ionalyalaonuingijs geq trovided?
desired to integrate a gas perneati on sensor, such as Tetra-Pak(r)
packaging materials for food or blister packs and contai ners for

phar maceut i[844] dr lids conteaplatedpbahng paskagsnisaiseddfopenelestng gny object to
i nt egrated Sty c ' ri o) |

nor et i (5 BLojeER BT rhiieRE-SARO0 BER, it EEHoh BEABbHENts,
Accor di ngl yphartmaceutieait daugsi Sodi r setstances andocpenicade T bergios, et teym
an oxygen and/.or poisture sensi.tive ob The pac

base Supst r Brecdad Ay e oRFRIN' iy dbRioie A BiiaEg BMPIE I i

at | east orgrgrfedifeldeeate dBraean oendlbfirel i aaiel| the0bx Wnidng hitdsture
perneation of gas through the base substrate arranged on the base

. h . .
subst r at 80 sensiiverohingt toyhe preterted iis Arangsdr & v@NpAlsedgfanto a strip pack,
el ectrical Iy n ' ] t : itSthd1 g j :
andr o oxyCisRAoBERlads BROlieBly SETREL SRR K Ipdrdfibid) Ui, pmoul
mat eri al wiprefillabile inhalerritraversuggeantainey| haitle ncapsitiasigresi ar ehprescription

ol cot i oal ShiFInEE STRERRERILE M bliellorbt"Ro SRR SRS RET Y 51 nazprgous
That the. PAGKEGE Lo VARl it F ot OnC] oSt Bl any. onL aeL 1o De. pf oL eCen
from ot 55 0 Basea-bafatse i Bia EPGiesd tHErR amiebat o el Bf e Fadge.
pharmaceutical drugs, food substances and chem cals. Therefore, the

term " package" as used herein may refer to any packaging |aninate
that is aldP4Bhedlheidedrationtaiithe sgnsacings theeneargilatRd deyicxipgeiried out
and/ or noi NSkt ' ; t |

Ty al so 1 3F SCpIaRETHh K PRNREL nEfRUPLES RS pBRHAT RS oot bf the
syri nge, nmiovardionoiheubethodamcemtrisesl formang, araetectrpnicpramipdnearilon a provided

I nhal er, i ntravenous ,cont aj ner ottle, caps/closures. or a
preacr i pRY Feee SHOS 1By o d A JRANDo A0 ReBTERIg: BoiPh feribe base
used to st gubstrarauddys vasubst enetiions ulh arapadiatiantis veubsehabag dsimed
poi sonous chemn cal ? for exangl e. . . i
over the electronic component and the sensor, either in the presence of an inert
gas or under vacuum conditions. “Vacuum conditions” herein refers to an
environment in which atmospheric pressure is significantly lowered. Such
25 conditions may range between conventicnal medium vacuum to ultra high
vacuum. In some embodiments, the vacuum conditions of between about 107 to
about 10™° mbar, or about 10°® to about 107 mbar, is used during the formation of

the sensor and/or the encapsulation.

30 [046] Prior to using the substrate, the surface of the base substrate may be
cleaned, for example, by wet chemical cleaning and/or dry oxygen or argon
plasma treatment. In one embodiment, the step of cleaning a surface of the
substrate is carried out prior to forming the electronic component and the sensor
onto the substrate. It has been found that removing surface contaminants on the

35 substrate surface significantly improves the contact between the substrate and
15



15 The "base substrate” in this context refers to any part of the
wal | s of the package. [045] The integration of the sensor into the
encapsul ated device is carried out in accordance with the nethod

herein desqpihbgthas uta{%%nswﬁg%pﬁ%moéd tl:t!#ne# @v@;%me@ Tﬂ@esmﬁc@oef the

conprises form ng an el ectroni ¢ conponent provi ded 20 base
substrat e, wbgtrateema“yobmdﬁynadebxgwtwenﬁmhabfaarg@gs@r meyie tvefesalyy via dry

substrate n encapsul ation is subsequently
‘é[}S‘g’h Bxdeh g%’%ﬂ%é {r8Bfnerd

formed ove ni"c componént and the sensor, elther in the
presence of an |nert gas or under vacuum conditions. "Vacuum

condi ti ons refers to a envir nrrent i at nos er|
i o5 J087, i P SadupneB.BF SerTag CRes BN Eata HBE Qe ks Sagding to the
bet ween COWH@éﬁﬂo@ﬂ@én BB EatHiBd 8GN K/eré'tlytdf@vévsgcﬁbpémﬁh@fih th8 ep@8Psulation
enbodi nents, the vacuum condi ti ons of bétween about 10-3 to about

10" 9 nbar, desighddkED@Erehitastaiso gtibsioates sbaralse baiekherr ralife ryjl presesses.
formation of the sensor and/or the encapsulation. 30 [046] Prior to
using the substrate, the surface of the base substrate nay be

cl eaned, fd048kanple, tobthendiffertintezpiirecterasifog famuhgreabhy coxpgeentoof the

t mbodi t he, st f cle
s ace of AepsSRaT Hevicer 8BTeRbTAN Bpiated PR PR Sods. For
el ect roni ¢ SQMANEEHe RBHcAh SEHEOsIechRBbie donthdrdNs! sudieas hh MIGEDDARY be

found that renoving surface contam nants on the 35 substrate surface
signifi cantCW”@ viBsah vaperatian chamhesnAs Hdeanipgt may o rdriad oquidn a

encapsul at gl AL h IBEANS BB EieChaPHRAFNIETed TiReF YALARA 18The

the substra | eane wet chemc
preferably amaa)odat;on ahgmbeorAftbmyfgaem:rpg ﬁmfetctreatmemmpo&er[\mrf'}ha' Isgbstrate,

sequence_ pof. formn ul Vi C

i nvent i 0?1953%“ '°{§?¢‘F§§96‘§$Pﬁﬁya‘g%§??§tdy Lﬁfﬁ%a@gg%ggehﬁl ‘#1’98 F? Ynﬁéntam a
encapsul at igntardREition.fréd Ebipdrihénie dansfer nsalpalsbdicesamind alt sithbatiedier an
or roll to roll processes. 048] Due to the different requirenments

for forni ngn%ﬁ CBRPRIBTUNSIEr VREUY. encapsul at ed devi ce, fabrication
may be carried out over several stages. For exanple, the fabrication
of the electronic conmponent, such as an OLED, may be <carried out in
an evapor at[048] c hEhe senseifos meniiongorthy skaius af Heeealestienicieompasieas may be

chamber, ,} I?Sr é@% e&p}#ﬁﬁ‘\:grl?\‘o sé@ﬂra?{gfeéﬁ’ga%gBhetﬂe@u%gfraf@%ﬂgn"@e%@gﬁmﬁ a

evapor ation c ormn Fonic co
substrat e, sensmg element between the two electrodes. After the sensor and the electronic

component is formed, a primary encapsulation comprising a multilayer film for
providing protection against moisture and oxygen may be formed over the
electronic component and the sensor. The muliilayer film may be formed by any
25 chemical or physical deposition method. A cover may be further attached over
the encapsulated device. An ulira-violet light curable adhesive can be coated
over the sensor and the electronic component to allow for the attachment of a
cover onto the encapsulated device. This may comprise the application of UV-
curable adhesive, and subsequent exposure of the adhesive to ultra-violet light,
30 thereby curing the adhesive.

[050] The integrated sensor according to the present invention allows for real-
time monitoring of the permeation of oxygen and moisture into the encapsulated
device, from which the status of the electronic component within the

35 encapsulation may be indirectly determined. In other words, the integrated
16



15 fabrication of the sensor may be carried out in a glove box. In
order to maintain a contam nation-free environnent, transfer may
al so be carried out either under an inert atnosphere or under

vacuum [ 048] nsyf'ffaﬁﬁl% Or%Ln%tBHQSfeﬂd%ﬁérﬂﬁmh B&tha lstatus d?fantaécﬁbﬁ%tdo?ﬁbcﬁwnt

corrponent rray ositing two separ ate el ectrodes on
t he subst ra:nean anqawaiedtdevgcea Tr@m‘t i usrfpl crering owt faikkire \amalysis on
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a primry efic I'on cornp Il ayer m f or ~provi di ng
prot ecti on egapssiation & Whe anudeofyrgée rfajureeof ahoeeleotrenict bemponent, for

electronlc co ne t ens The nultil ayer, fi) b
Formmd by SABEIS MRS FTaly3t Sansale e ATHA T o R EPeg) the
be further ghiamdediodY e Iddﬁoﬁr&atﬁébﬂiéfé&dnﬂﬁé éﬁcadﬁlléﬂdﬂ ﬂTaY'gNé%t rise to

| i ght curable adhesive can be coated over the sensor and
el ectronic w@wfaﬂuéencanobalreawlyf detadbed.aT bisc hetpat tooisolate m@esm& tailure to

encapsul at ed. doxi5ens Hirk, FRYCSOIP LRSS FRE! IERING T & shifioChiARbnd

adhesi ve, subs quen exposure & ARTDIS

i ght, 30 tilerfebfailare amajysibe adhesi ve. [050] The integrated sensor
according to the present invention allows for real- tinme nonitoring
of the p Preation of oxygen and noisture into the encapsul ated

devi ce, fromswpi cfrhrsh%éthaa U§orﬁbrl§é§3 rﬁé@éi]rfr@f' itige C&é@tﬂﬂﬁﬂboﬁﬂh&i\fﬁyt Be the
35 encapsul ati on maéys e indirectly determ ned. In other words,
e

t he
i nt egr at ed sersosensseddethe ea@@ﬁ%tm Heterariniagfamihe ﬁ@ctrlféll 596@%'“"3/
of an el ect LOf L 8ﬁé§igﬁamouﬂt%? RORRARRULAI/BP o?(gﬁéﬁethat-r LS ol She

useful carrying ou re analysi's on a non- i onal el'ectronic
corrponent tmccm:tsafahame aﬂdethﬂe[amngrﬂrmﬂmcbl cﬁnmpﬁtuﬁeatandfon oxydmn dbats bas

for the f |Iur e el ectronic,.co ent exanpl e. \\er
ol ur il 1y SorSaEAE I8 SBeBRr ARG 17 A HARRC P e HeRr PR soqrit. Thé term
encapsul ati '%tatug'hﬁeﬂemaéfemmﬂhetdp%rd@émtstamtdmh@@f@wﬁ@bbmpohhmt such
gives rise to the failure can be readily detected. Th|s

gﬁ q:%we of failure.

i sol ate caud®d Qﬁ"“?‘éﬂﬁr gerditign i dhe iertearig, compopgat thab is
process qui T’"Plﬂfrsta tﬂ@ él@cﬁt@oﬁe%dn%oﬁéﬂtr@rd&@ﬁnmbd Wﬁdﬁ'@éﬂyf BV';ﬂé@fng the

anaIyS|s 051 is met conprises neasuring the electrical
conduct i vi tsertsrortw&mﬁbﬁseﬂca@sulacb@edconiam #e ghenitanic gamponent. As both

det er m nhdsd{AM A efl HBhid nglcgoé\%ugﬁbjgbfe\ﬁ to the same level of exposure to

moisture and/or oxygen, the degradation of the sensor (via reaction with moisture
and/or oxygen within the enclosure) can be correlated with the status of the
electronic component, thereby making it possible to determine the status of the
electronic component. For example, if it is known that the electronic component

25 reaches critical failure condition after exposure to [y] grams of water vapour, and
it can be determined that a sensor displays a change in electrical resistance of
[z] Ohms after exposure to the same [y] grams of water vapour, then the critical
failure level of the electrical component can be readily determined by measuring
the electrical resistance of the sensor.

30
[052] In one embodiment, electrical and/or physical evaluation of the
encapsulated device is performed in addition to sensor determination of the
status of the electronic component to determine whether the electronic
component enclosed in the encapsulation is functional. The additional steps for

35 evaluating the encapsulated device may be helpful especially in for embodiments
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of the sensor the anount of noisture and/or oxygen that has perneated
the encapsul ation, and correlating the |evel of noisture and/or
oxygen that has 15 perneated the encapsulation to a status of the
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the el ectronic co on r.each |Iure condition after
exposure td" @ﬁ %?ﬁ%for@&fﬂgwg\}agﬁﬁﬁa”%& %\é{ﬁ be determ ned t hat
a sensor displays a change in electrical resistance of [z] Ohns

after ex osure to the s [y] grans of water vapour, then the
critical 10A898Lir el fpe;\,@tegjpte es@ﬂsé’(ft (AR albec digssh elft GEERY Uy éndyariety of

det er m ned nbéa%éﬁféﬁé‘gsuérrease'd%%’fﬂlrgﬁg/trh%si‘ éi‘?l Yretirhe éfeﬂ?é)reeéﬁ)nlc

[052] In one odi nent ectrica or physi ca eval uati on o
encapsul at esmpprient Inﬁqﬁewmrmeelsurﬁrrm@ pravided by éhe sender emwd@tdata for

Al eotron ¢ veBilbachE iEteEFhL 8t SOrRf oot T HEHF A EaiFhis) 28 part
Egle ?Sfli te ;@1‘?’:& tlelts&m é;@terﬁ&remé usddkrend hﬁa@@ﬁ:o?uhﬁrgmas@tam%?epmes@aor
het or i ni2 WPEeRaplbalhes of daBiuley cane e A S iE R o dBTafmine, swhether

i ndirect neagHpSNBREd RIWidIag Fheitienks 1P th@a'caéé‘de%léﬂ%yo%pbf’&tlons in
functional status of the el ectronic conponent. Therefore,

measuri ng toeesu@en&lectinnigethe seneer ey kg seupledite %rnie@r@mg ciseldhwith a
Its el ectri ‘F@#ra?rﬂﬁéétl E%%Sr@a ; ﬁé%ai ity PE)H‘fqné‘%nBégéMbtted device
he (o10) Ion O conponent.

|nformat|or§J élecrlca
Physi cal el thet systemayf attich tiee carcapedlated deyice it ai IDBBIH, Meommieciearal of

for exanple hy obseryjng wheth there are obvi gu sic def ect

i the cPCAPRLEE: BHPESRIEN dhehdarapEiPetal (he BEARSLIAION excedds a
threshold level. It may be then considered that the encapsulated device has
deteriorated to the point that it is undependable for normal sustained service, for
example.

25 [054] In accordance with another aspect of the invention, a system for
fabricating an encapsulated device with integrated gas permeation sensor in
accordance with the first embodiment of the invention. The system comprises a
vacuum chamber, a holding jig arranged within the vacuum chamber. The
vacuum environment is used to carry out the fabrication of the gas permeation

30 sensor. A first material source may be provided within the vacuum environment
to form a gas permeation sensor on a sample base subsfrate, and a second
material source may likewise be provided within the vacuum environment to form
an encapsulation over the sensor and the electronic component. Alternatively,
the fabrication of the electronic component or the encapsulation process may be

35 carried out at separate stages outside of the vacuum chamber.
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10 [053] The integrated sensor can be used to carry out a variety of
measurenents, such as determning the remaining lifetine of the

el ectronic conponent. In addition, nmeasurenents provided by the

sensor provides data for evaluating the integrity of the

encapsul ation. This is useful, for exanple, as part of a testing
system i n t[B&5packr em¢ smipsimént thenwbagumr chgmbeocespfieas 6 plurality of
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device with integrated gas perneation sepsor in ccordance with the
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vacuum envi ronnment is used to carry out the fabrication of the g
per meat i on \BBusighelamber.fA sulpstraie sandhes bgreasilayovss iptoppsitan #onph the

the vacuum e CHERbor Lhid G Pafias; RELIPY A0 REARRA EMaRpSATRKE: the
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plurality dinloadipgavithowobrisakingdvacibing Hartber @afoehambeyi ig/asyuny ghamber
in-1ine fahtj ' p . (o) & ;
iteront cayoisse o pREEAS, of SHfal, SRRERCEP IR IRiRrs "B Hpadiick Ray
f abri cat i orconprisesan extymiablieeskafb rovablssihsougty edeh insividual exib-¢hgmber.
exanpl e, éhe first material source and the second nmaterial source
may be e% h connect ed i ndi vi dual sub-chanbers.

[057] High vacuum pumping outfits may be connected to the vacuum

chamber, including mechanical booster, rotary, turbo, cryo-pumping stations
which can deliver ultra high vacuum for the vacuum sealing applications.
Additionally, pressure gauges, gas lines, pressure transducers and isolation

25 valves may be included to monitor the vacuum in the vacuum chamber.

[058] A holding jig for receiving a substrate holding table on which to form the
encapsulated device is further provided. A substrate holding table (platform) may
be attached to the holding jig, and may preferably includes a heating unit to

30 provide heat of up to 100°C or more, and a temperature coniroller for maintaining
the required temperature. The heating process may be used to melt the adhesive
while vacuum bonding the cover substrate and the device.

[059] A linear motion drive is used to apply a normal force onto a sample on

35 the holding jig, and may be used to compress a cover subsfrate onto an
19



[056] To facilitate transfers of a base substrate under vacuum or
inert 10 atnosphere from one chanber to another, a | oad | ock system
may be used. A conventional |oadl ock may be nounted to a gate val ve

attached t QdhelRieN ThHEARIEL rﬁ@ﬁdﬁ)ﬁ ive P&y Bé%ﬁéﬁt&ﬁﬂ @‘Bﬁﬁnﬂﬁaﬁé‘%‘cp’ator or

noved into position through ar ge entr oor onto the trans
stage in twgth @&f@rwm@mwﬂﬁr an Aﬁtaédoadwef abmlbdn 0l oncaedd provide a

the desi: regJr nt Ohﬁ%%'f%?&%o@@‘afﬁp% S?Lgt?o opened, 15 the substrate

is transfe € proces rough a magnet carriage
along the main shaft of the | oadl ock. Th| s all ows repeated substrate

| oadi | oadi W t t b Ki in t [ h .
11 Vacaurs SRatber ™ crarboRthEte s ayeiey G teE oI Fos sk fagaraning the

sub- chanbernsm.drhsﬂr@ame@e kndtn dipRWRIth fi’@sp?ébt%ftt?é‘ﬁél'airfg fdafre yRThstion
through each individual sub-chanmber. 20 [0 H gh vacuum punp

outfits mayrive @rmﬂ@bilwﬁgoaltgﬁ@lerﬁdnambecﬁaﬁ@@d a!pnglméungomehﬁgmeaand
booster, r 0,

ultra hi ghq}bgéﬂg%ﬁ %P&%?@a%%sﬁi'éﬁ%‘jg%@l ca |Cg‘rt}?%?ﬂﬂfd§!jb¥§(’ cian be
prlessure gam@mi o?ms the nigs thrpugk Suae [belarcf diheevacuum cremhiadr ﬁ&:mnaay, the
val ves ncl u 0 non vagu int vacuum cha .
{Bs87 A Tibideving it gietes Ea e Ganstempa o de Sl Aadsr HanoRing fpad
to formt h%cl@ﬁ@@f%ﬁé@é:ﬂérﬁ%&b% bfoceds! her provided. A substrate

hol ding table (platforn) may be attached to the holding jig, and may

preferably includes a heating unit to 30 provide heat of up to 100C

t L.I:
{emper at ur 408 o NOL FINERIGHD. BF, bieri iBhIA "B Ee, nEV SRolib iR for
whi | e vacumrlb'mmouigsurfﬂsecmﬁeeﬁrestuim‘ttrAneemnw{ehe thmENeetromC@E;%sma source
i f t
35 the b1 doNy iy Sclehtalon B el BEiay neldr 808"t R o¥ben
onto an 19adidhksilivehe Tduditdst Fathen®yisten, ticé asray RRrepenst ee &yamed for
pneumatic actuator or. wth external not or with an axial |oad of

about 51b ESeIOBNHOYPLINGPE B8 VBFEWTFEaNPeSr essure range of 40 to

80psi for encapsulation. 5 [060] In one embodinent, the system

further conprises tracks for aligning the notion of the linear

mot i on dri @62} t HOthes Feetures wiiehhoryi by ineyypomied linteethe sysieon include a

drive an%) RebgiraR homird ISR 1By 8% AlisCEd Gty 38 psitidRRY tHe Holding

frame an
table, as well as a radio frequency power controller for controlling the RF power

of the plasma source. A UV source may be included in the system to cure any

UV-curable adhesive that is used in the encapsulation. Wavelengths of 365nm &

300nm with the respective intensities of 85mW/cm? and 22mW/cm? may be used
25 to cure the adhesive.

[063] In accordance with a further aspect of the invention, a measurement or
evaluation system for determining the status of an electronic component in an
encapsulated device is provided. Such a system comprises a signal evaluation
30 unit adapted to couple to the sensor of an encapsulated device in accordance
with the first aspect of the present invention. The signal evaluation unit is
capable of measuring a property associated the change in electrical
conductivity/resistance of the sensor. Examples of the signal evaluation unit
include ammeter, voltmeter, ohmmeter, multimeter, wattmeter, and

35 potentiometer. A display unit may be optionally provided to display a quantitative
20



| i near ball guides. The supporting jig is designed such that the
adhesive can be |oaded onto the jig through |oad |ock of the vacuum
chanber. Simlarly, the 10 device or substrates can be transferred to
the substr ajmohskaycididd ONgh thBe% ﬁﬁétandrp@f EX] sﬁﬂ&eﬂ%@&@@‘swaﬁ@ﬁ' bNghe
process. [061] Any conventional RF plasma cl eaning source may be

provi ded fcﬁﬂca@ﬁﬂéﬁ$$ gevae. surface pre-treatnent. An exanple is the
Evactron(r) plasma source 15 from XEI Scientific, Inc. which uses

air as oxygen source to produce oxygen radicals. In the context of

t he system[064F plasuomale the errﬁvelnme&sdm@Medt pmcesexif\ermaasmmumhtrsgstem

on the vaguum chanber. Ja 8‘% &eature whi,.ch be in ? or at
into the 2yBRLAPPHENM R 2T %’i?b‘&t ot OPREIRIN e a%ﬁ"'ﬁs ‘f@a ”93
axis contr QHéﬁifrd‘rﬁrasﬂ%ﬂtdsOéldﬁgehh@ush%ﬂbﬁ@atlﬁ@m@ele%ﬁow éorﬁporeent in the
radi o frequency power contraoller for controlling the RF power of the
pl asma sourdiapalialed slevice. gl examplel dbe eleatrenie @%p@mnton@ur@eanwaﬂy
UV- bl

cur abl e Glheplii® itk liteHBPf ik Rill TEnARFAPSH I LRRIONRVA B %o

365nm & 30 resp ec Ive intensitiés
22N cn? neyndionalea fuemert’fes’cusmgtthe gashpatimeation0sajsor may beraharied out to

with a further, as thelnv tlon a_nmeasur t eval uatiqn .
oyst em 1 50 QECk WRRTRG RS TARUEIBN BB BEERo L (o fBeRerl (1 detiforic
encapsul at esbréisonern is %tillelmﬁt@ﬁdl thoe it Mag W ednsladed rtﬁmh@ emc@pablatuon is
eval uation 30 unit adapted to couple to the sensor of an enceﬁﬁsu at ed

devi ce | n destdbie S1GTal eYalugEon; Unit ot m.8vstem iy e csmAseRl Bniheofiive
The signal Gieattiiat Ctg)éﬂaﬂe% e eRRRORICC cOfpBRBALT 6% Mal 08 Yndependent

associated the c inelectrical” condlctrivity/resistance o

sensor. Exalepliessthat l&aiéafé‘ueglrialor‘éy/m thetsensoonit i ncl ude ammeter,

vol tnete ohmeter, nultineter, wattneter, and 35 potentioneter. A
display unit nmay be optionally provided to display a quantitative 20
Vﬁ| ue assoqnespd Théde hbﬁeﬂggomaeiiwemfong\am fbén treoriehferil g nealpsstbod i wiewd of
the encap evj ce.. 4] To aut e.the entire measurenent
brocess. ibe TERYRE HeRERdt chpwoR L DA 0! £ ouit 1 or
operating the sensor to obtain readings therefrom as well as a
drive circuit for operating the electronlc conponent in the
encapsul at ed devi ce. For BRIERMDESGRIPHON O JRAVINGS
initiallyg

[066] lllustrative embodiments will now be described by way of non-limiting

examples only, with reference to the accompanying drawings, in which:

[067] FIG. 1 shows a simplified diagram of an encapsulated device comprising

25 an integrated sensor.

[068] FIG. 2 and 3 show exemplary embodiments of an encapsulated device
according to the invention in which the encapsulation comprises a multilayer film
having a layer of nanoparticles for removing moisture and/or oxygen.

30
[069] FIG. 4 depicts multiple sensors integrated within an encapsulated device
with four OLEDs.

[070] FIG.5A shows an in-line fabrication system comprising a plurality of

35 serially connected sub-chambers for fabricating an encapsulated device with a
21



operated to check whether it is still functional; if the electronic
conmponent is not functional, a further test using the gas perneation
sensor may be carried out to 10 check whether the encapsulation is

damaged. érﬂs%roﬂ@rSB élg \bg'%ef%illggfrfﬁtpch HEPFhe\Dﬁlch%n%tagglljlation is done.

functional, e conc e encapsul ation i1s
intact. The si gnal evaluatlon unit of the system may be conprised in

bo-an 1 ndep@Tdin: F1Go8isbBREHAe ERohEEe GuRElis Sin e aRE BaRke offjubindSnce

[065] Thes ere@@mﬁ;st §bt@fndch@t %ty @Bthour indrialbdoman entapsylatstdet ECowithiPPY
view of the foI OWI n(]:l description, drawings and non-limting

exanpl es. 5 ORI PTI ON OF THE DRAWNGS 20 [066] Illustrative
enbodi ments wi I I now be described by way of non-linmting exanples
only, with reference to the acconpanying draw ngs, in which: [067]
FIG 1 show®72]si miGi 7 isbawsithgmainrasicopa mmgghapémaj@an%@ element in the

conpri si ng [068] FIG 2 and 3 show

exenpl ary e?w%gsé’?%éﬁﬁe?g%ﬂgﬁgéﬁ%ﬁ%%l ated device according to the

i nvention in which the encapsul ation conprises a multilayer film
having a | r.. of rticles for renovin i st ur nd/ or _oxygen._
30 [069] RI@T3) dEHPcEsSHANS i &USIRRFENCENYS oF Mo NG CPRGLCIANCE V. Time
encapsul at egrdavifage OLED afrfé#'ﬂhe@e?@%r ré%lvﬁy%%lm aﬁ‘f‘eﬂt@néléd‘%enod

fabrication systemconprising a plurality of 35 serially connected
sub- charrber@”fffti)ie owabaggérpurm an encapsul ated device with a 21

sensor. FIG 5B shows details of a sub-chanber in which encapsul ation
is done. [071] FIG 6 shows the Lum nescence vs. Tinme graph based on

| um nescenci®74] eafi@g® tbtaaidiepamimdtid cefrieshoiationnofery pbssier matrix OLED

o7 oscons PGSR cateiy SRS nEPRE R A he sensor At

different tine intervals. 10 [073] FIG 8 shows the Lum nescence vs.
Ti me and Conductance vs. Tine
DETAILED DESCRIPTION

[075] FIG. 1 shows a simplified schematic diagram of an encapsulated device
20 10 according to one embodiment of the invention. The device comprises a base
substrate 12 which supports an OLED device 14 and a sensor 16 for determining
the status of the OLED device 14. The sensor 16 is arranged alongside the
OLED device 14 and both are encapsulated within an encapsulation 18. Both
OLED device 14 and sensor 16 are powered by driver electronics with circuitry
25 located on the base substrate. A cover 21 is attached over the encapsulation 18.

[076] FIG. 2 shows an encapsulated device 100 according to an exemplary
embodiment of the invention. An OLED 104 and a sensor 106, comprising
conductive tracks 1061 and a sensing element 1063, are arranged on a base
30 substrate 102, each having an encapsulation comprising a muitilayer film 1191,
1192 formed over their surface. The encapsulation further includes a barrier
adhesive pad 112 in which the sensor 106 and the OLED 104 are embedded, so
that a cover substrate 114 can be attached thereon, thereby sandwiching the
OLED 104 and the sensor 106 between the base substrate 102 and the cover

35 substrate 114. Multilayer films 1191, 1192 comprise an innermost
22



graph of the OLED and the sensor respectively, obtained for an
extended period of tinme over 300 hours. [074] FIG 9 is a

di agrammatic representation of a passive matrix OLED 15 integrated

W th a plungy #183a bRIpris fopdrlidih FEPIHEraetthd WiNmoisture
[075] FIG nghé\';\tghg Si n%ﬁ?gté @@he%tsﬁéé cﬁ‘agr am of an encgpsul at ed
devi ce 20ahd asygenli hpet vexinéwenipyeisnahovefit tare pptiealt layars @8, 125 for

14 ana o sonebngrepfysBleRohh frodol e BB, "0 ED dewi ce. 14,

The sensor 16 is arranged al ongside the OLED device 14 and both are
encapsul ated_w thin an encapsul ation 18. Both  OLED devic 4 and .
sensor 16 zipyboa@r@& %’Sﬂgeaﬁ(}%'?t S’F%ﬂ r“'(‘)rln:llgs Twithe q{rﬁr@ﬂmgrﬁ ‘%‘SIBWSE"‘Q{%HW
on the baS%Lﬁg@%F% iR -1 CBYEErirgl theS CLERAR0a Y RfentiB& RNERPRIUIAAY&film
18. [076] FI 2 shows an encapsul ated device 100 according to an )
exenpl ary 1d@Boztivesing tbe samsor APEntovevenrtheFrmnoemenefdayerasvay difter if
conpri si ng UGt ' ; 6.3, e
arranged orge§ﬂggsg%3%ﬁ%\hu{')§ﬁ F%Q%R%E?Q@Bﬁ@ﬁ%@?ﬁ%@nﬁen ell%tégllﬁt f@fr'l 3, the
conpri si ng raultiayer filmy 4291 idovedd the OLETR 104 covtprivesra fifstbpticalidwere 23 as

The encapsu] atjion further i udes . a parrier dhesi ve pa 12 |

wht cht nbb dbaBREHUEH L Ryer nddlianes byt DaghpaRisate d8v8F Hal 2richfaen
substrate kigoRadpheadhyéctesl thereon, thereby sandwi ching the OLED
104 and the sensor 106 between the base substrate 102 and the cover

35 substrate 114. Multilayer filns 1191, 1192 conprise an innernost

22 nanopar g} at 1 S| NaRRa b i |

wi th noi st Epgﬂ an@dd%géﬁ%gﬁrggﬂg%ﬂlév}%dl ayer saggo%\?gﬁ? rﬁs‘?rg ﬁg?li%géa%%rs
| ayers 123,intkgBatedr withirpr awi O4.Bheadthitéctsi@ncarhptisight notitiplegtOkhies. The

ar " angenohioripeRup il beyBeidf FRBARdS Rur OPRBe Ba A0 197, "ot iy

104 are idenéijgadtidre dhanobké tinkayeri khdneatid®? lineyeringiidue Heesdn1 and

106. However, the arrangenent of |ayers may differ if desired, As

shown in arfgtirge drewdlar Gollasbivalvnaake dgpilig &eqirpas &8839?6%% device. Gas

mul tilayer gérh@aﬂiﬁﬁlséﬁ%’c?ré' agot Bk qf%%qls@‘liﬁ%we‘éﬁs efedifdd®! ipBs] GAl this

| ayer 123 as 10 the i1 nnernost |ayer, tollowed by the nanoparticul ate

| ayer 121, eanbbdiment.z tdalcefmine gensers foay argricpsurrounding the four OLEDs. The
20 grid of sensor, as opposed to a single sensor, can be used to detect precisely at

which part of the device does moisture/oxygen enter the encapsulation.

EXAMPLE 1 : FABRICATION OF AN OLED WITH INTEGRATED SENSOR

25 1. Surface Preparation of Substrates

[079] Silicon oxide coated soda-lime glass subsirates (display-quality glass)

were cut into 50 mm x 50 mm pieces and also any required sizes for use as a

base or caver for the OLEDs. The pneumatically operated hollow die punch-

cutting equipment or any conventional slitting machine could be used to slice the
30 samples into the specified or required dimensions.

[080] The water vapor permeation in the present encapsulation package may
be mainly through the interface of the adhesive and substrate and also diffusion
through adhesive sealing. The suitable surface pre-treatment process such as

35 plasma treatment can eliminate the adhesion issues. Accordingly, they are rinsed
23



[078] FIG 4 shows an encapsul ated device 400 conprising nultiple
sensors integrated within an OLED architecture conprising nmultiple
OLEDs. The 15 encapsul ated devi ce 400 conprises four OLEDs 401, 402,

403, 404 | g ?ed)p%pfl fmcdﬂawwe%oot)mﬁeﬁ@d W!’f’\eﬁtrﬂaéénamﬁe%tph%%%ses help

lines 412. Ano nes 411 and” cathode lines 412 Collectively
up the el edorret®veimagodcalthadsbiedparizies opshessiface. A@ﬂtﬁoegamﬂzmemo!

arranged in, [© hj ' . tal

ni ne sensorégﬁ)x\ﬁ] a grSﬁﬁj suﬁ(?toﬁar? ﬁﬁ&e'{‘%& f%f:f}?’r @E@h% cgg {h% gubﬁates
sensor, I as arppslaedd tio tlae&:e#mgUEl eg@sow;thgm& preessar of d 0d'ettent for degassing
precisely at rt of the i ce does nmi sture/oxygen enter t
encapsul af |QH§°V@%§<KN£%EFQL°" ORYGSR- HEWE ANCBIES d %95314 i aps
SENSOR 25 kg ﬁ%&&ﬁ?ﬁy&fo@:@ﬁkﬁf bRk Ridating tfﬁﬁn[&ﬂ&b@'ddrﬁ&ﬂo‘lﬁéd@acuum

coated soda-line glaSs substrates (display- quallt% gl ass) were cut
into 50 nmoveso Immegiaielyaftaidhe degassing nseessseths e@@rfséach;ﬁeatbar&ferred

base or SOBlind Yadhiley Ll HAFIIUTRUCAAE S OPEIEE et F8M) SR argon

punch- cutting qU| ment of any con I'hg nachi ne
be used to p?.dasma it lveed 30 bsarhairdashe sudatéef dpebafricedilnrwitlepw eadrgy ions in
di mensi on

Th t t th
encapsul gjlq{ gik%gvﬂm%y%ﬁé% arfﬁ&paf‘ ¥ -t]behnb!'f‘%‘:é RF% gjﬁghsfcrﬂq@er was
adhesi ve andaiptdined dervaad fbS mbdirf THE lafdon ﬂdswqu@mm&werh%qarlmer is

The suitable surface pre-treatnent process such as 35

treat nent ce@h abl20R) Wa@féd ﬁﬁ@%@?@éf@ﬁﬁ”ﬁe%ﬂéﬁ U%Wr%?%él%lgmt FEtgs és used
rinsed 23 yi éjterﬁd!@ogﬁ ﬂfyguﬁéé\eowd iidd?A) and blowdried w th nitrogen.
es

These proces renove macro scal e adsorbed particles on the
surface. Acetone and met hanol cleaning or rinsing is not

recomng%%mgi_éﬁ&en bl owdry, the substrates are placed in

t he vacu pressure of 10-1nbar, for degassing 5

absor bed rrqoaﬂpremé oxEﬂJerarch’fmtwui@emty@n 1hSV\ﬁ@|utJ34meW3wt mfhee been
hydr ocar b back ratl5 om vac

line traps nt 0
e 6P adoptbh i T reenp AR R T Ospaaind MR St eategtae of 20

the barri erg@ggskéwaé @isbH %Sé §ut5§%Fbte tfé?r ﬂh'é‘bl?t@sd@néé AMrERAGN q}%ﬂbﬁém;ca:
(e.g. ULVAC SOLCIET Cluster Tool). ar gon F asma Is used t

bonbar d th@l@ammg@eawnder@marwmacﬂonmam me oéﬁedg‘yllcp\@e@ byrdm@xygen
o o g B T ST o s B dy T atyne
7osccm Thealic¥ytpiopbenes (PEDOT) was used as a hole transport layer (HTL) The
commercially available phenyl-substituted poly(p-phenylenevinylene) (PPV)
yellow light emitting polymer was used. A 20 nm thick calcium film covered with a
200 nm thick silver cathode was deposited by thermal evaporation in an ULVAC
25 cluster system at a base pressure of 2.0x107 Torr. A silver film was used to
protect the underlying calcium. Wet chemical cleaning was undertaken with
acetone and methanol and followed by dry oxygen plasma treatment. 75nm NPB
is deposited in high vacuum 2 x 10”° Pa at 270°C. Small molecule based OLED
structure was adopted in which 65nm thick electroluminescence layer tris-(8-
30 hydroxyquinoline) aluminum (AIQ3) is deposited at 270°C under high vacuum of
2 x 107 Pascal. A 5A thick LiF is deposited at 650°C as an interlayer between EL
and cathode. The cathode aluminium was deposited using thermal evaporation
technique to the thickness of 200nm.

35 3. Calcium sensor fabrication

24



set at 200 Wand an optinmal treatnent tinme usually 5 to 8 eight
mnutes is used depending on the surface condition. 15 2. OLED
Fabrication [081] The OLED architecture described in WO 03/047317 Al

has been ggapt edAfté‘r %hﬁ‘a@é %E%ae%@é%eﬁ'tt kHO <@ atraksOhaAs SraMstdire under

sheet resistance of /'square was used as a substrate for the CLE
devi ce fabrvasstinoie. awanﬂ@tmeanhanm%anmﬁge acealeiunancsansios fay@reand the S!Iver

t
2P 002, o BRIk AL YRS N ook GHORARehARIR I S3TEY'2 o
( PEDIOT%)I vvas"l'hhgsgaharsgb altdm;nebrft Iﬁi n‘a:rr:ﬂa;ed 1%1 bgtweeﬁl—ﬂfﬁla)tw?'ﬁlmctrmié?gld: dadilt_:med to
avai l abl e enyl - substitute oa¥1p e Vi .eO¥V
M aht e E g F01 PREr 20 380 P ik 108 B s5tabegr the
with a 20Ggnebt Bleperitiis 237G M OoMBeMRR dEtidreprdesss he 168 lock system is

evaporation in an ULVAC 25 cluster systemat a base pressure of

2.0x10- 6 Totsed t& Bansfer the isample tased@lave bpx dinsler driaitipgen 1afiatgospheric
cal ci um Vﬁj5 ?ﬁﬁ?‘ cal cleaning was undertaken with acetone and

met hanol owed by dry oxygen plasnma treatnent. 75nm NPB is
deposited in high vacuum2 x 10-5 Pa at 270C. Small nol ecul e based

OLED st e 65 t.hi ck .el t 1,
Cayer ¢ 8 TPESEG RS ARB TG R Mo SHARY R SRPEES L IGLpOLRT 268 BLED
270C under diaghsitasttitefoliowdd by edingasiah. 35 by BERM lg|§ss §Ilde A 400W
deposited at 650C as an interlayer between EL _and cathode.

cat hode al Unetal uhrliges W¥pdaht e‘éPl{5§‘?n§0Wn§era$er@%pléVat'EQBh Sqté"@ﬂn(lawi\x
to the thi mafﬂé h) 290RBY 3% uPe tﬁg'@v o .nﬁPJveie?rR{th§%tf'3%@n%ahQ§%bnm

After surface p treatnent substrates are transferred un
vacuum t o awithelrepespecive irhemeites ofdBEMEV/amé aind 2em¥¥ngtareaged taradire the

i mensi oh SRRV 0,15 o TOTHE iep ngoalC ety nEheC kit SRRl (ot

the two el wbmaym@dsdﬁgdrgmewd&d&rbe humimtyonbarnbeﬁrwW(deMaddl 1R8iss,

rimthick. Therre resl t|v sensor eerrent

0.3712-cm %ﬁ”@” tﬁ?:’ p‘é{el%é?gb? ek °s9§¥§[ﬁﬂr§d lgughgThe
to ”anSferelé&&)o%%”Bf Qhé%&%ﬁ‘oé(r% E@%néﬁigértodEYCcﬁhétéﬁig%ﬂrr@ht source meter
atmospheric pressure. 10 [0 An WV (ultraviolet) curable epoxy is

appl i ed on (Keithley) m|ingh the m@sg[ggent current is set constant at TmA to avoid any
20 electrochemical-induced reaction at the contacts. Lab view software is used to

record the data when required.

[084] After the plasma treatment process, the barrier stacks are transferred to
a vacuum evaporation chamber (thermal evaporation) under vacuum where
25 150nm calcium is deposited through a suitable mask into the space between the
two transparent conductive oxide strips with a thickness of between 120nm to
500nm. After the calcium deposition, a 100 nm transparent or opaque insulating
film is deposited to protect the calcium sensor. The insulating film could be any
type of organic or inorganic films deposited by PVD or CVD processes. However,
30 transparent lithium fluoride (LiF) or magnesium fluoride (MgF) is preferred as on
of the embodiment. The encapsulated test cell is then transferred to a humidity
chamber (WK1 Model, Weiss, Germany) and the rate of change of calcium
resistance over time is monitored. Measurements could be done at different
temperatures and relative humidity, all at atmospheric pressure conditions. The

35 temperature is in the range from ambient to 95°C conditions. The relative
25



gl ass substrate followed by sealing with a 35nm by 35mm gl ass sl i de.

A 400W netal halide WV light source 2000-EC series WV |light source
(DYMAX Corporation) is used to cure the UV epoxy. Wavel engths of
365nm and 30PRfly Wahbhe 0F té%@?@tﬂbﬁsndtﬂé%@&m%myqth Vﬁi&f@@ﬁons The

22mMV cnk are used to cure epoxy curihg time
m nut es. Thalciemtteshog)! scmdmtlmra%mar&gcwd ta apgloastant ickrrent

humdity c

t enper at ur %%g'g[ﬁé Qé%?%gﬁ} cﬁyéﬁgge%? re Eﬁegzrpg }f?'ﬁm W{F‘e% té %%é%é(ro ?iét%]setance
egsoL are ctomecal@wm%@qsmnstsamr track st meoitorsl eey sectad t ddeyglotted

and t he neas nt curr i S set constant at 1 o avoid an

ol ect 1 ocheAUBTBTRANCDY T arapiiar I dgh: ers sOTbweTe A bseis: sinal

is used toArtaWﬁrd withe éjaFﬁTV"@a%%l)fs%J%r%%pc[s@%4]toAftét€§ thBe nksts Ndbectrum

treatment process, the barrier stacks are transferred to a vacuum

evapor at i oﬂn@a@ufamer(tantﬂmamcaél\vaqmeapﬂ@nmtawmépf@aetampmﬁer e 25

150nm cal ciumis deposited through a suitable mask into the space

bet ween the two transparent conductive oxide strips with a thickness

of between 41 Muititalyer filbd BProwimél Eacapseatied ci um deposition, a 100 nm

t t f I [of ted t tect the,

Chi e o Soof) SR GrePERh iR rbbe SRy B HF Baniisavt
i nor gani ¢ f4dik Sﬁewnt@ﬁm?ya Iaté!%épéuoﬁw nRiNBPARRRSs, drRVRHRh catDbe cured to
transparent I1thiumfluori LiF) or magneswmfluorlde(l\/g) IS

preferred darmad nanostréctar aﬁ@ntaﬂethéuma&mma%@tntgasﬁcr@@n| prigting or

then transfgy %I VQ%S’UW t;é’n of BRIRRG (/éﬁggurj\@%fdsn{#h‘%ﬁtoogercgﬁrﬁg ysed

and t he rat cha clum Treslstance 'S ndn
Measur enentts d@pobrﬂ t!’mtemixtuee antadinef @L.ebtand mnmraHt®£i§Va‘ﬂt$rdataattandeoptlcal
hum dity

at at C The. 35 t enper at
e LS TayerR ' odth TSR e B PBE TR EVE BRAT ThethB88 rinEleints shGHBIEE ' tefmal
humi dity cajvaperatoriér d68ffodeeantéevaparatidh iy pahardesation, CVD, printing,
specifications. The calciumtest cell's conduct I't\'lff track ferm naI S

are connectSONMIBY QT @K SeaMentiqnal spating BracessekEd BQ“Q&H%CR‘%@@)
which is interfaced with a conputer. Resistance of the calcium
sensor / silver track is nonitored every second and plotted 5

aut onmat i cald.yabvicatien eguimment using | ab vi ew software. A Dynanic

Soone BB TRHEE! T e B SedcHpRICARRE D bR BUREr n
second. in-line system or a roll-to-roll system. An in-line fabrication system 570 is
depicted in FIG. 5A. The system comprises serially connected sub-chambers

used for carrying out the steps of cleaning the base substrate, forming the

electronic component, forming the gas permeation sensor, and then carrying out

25 the encapsulation of the device, each step being carried out within separate sub-
chambers. For instance, in the case of an OLED, the formation of OLED anode,

organic EL layer, and cathode may be carried out in sub-chambers 571, 572 and

573, respectively, and gas permeation sensor is carried out in sub-chamber 574.

Plasma cleaning and encapsulation may be carried out in a sub-chamber 575,

30 The base substrate, carrying both sensor and electronic component, may finally

be transported by a loadlock 578 into the sub-chamber 575, which may be a

glove box, for example.

[087] In one exemplary embodiment, sub-chamber 575 may be a lab-scale

35 glove box 500 for carrying out gas permeation sensor batch fabrication and
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4. Multilayer film Proximl Encapsulation 10 [085] Nanoparticul ate
| ayers may be derived froma m xture of polynerisable acrylic acid
contai ning a dispersion of nanoparticles, and which can be cured to

forma. nanostiUkilAoRUES 3A8wATih H1GT §B.NA (hRPLRaRBRL 18 vaBGlifiCthamber 502
printing or  physical vapour deposition or chemtal vapour deposition
met hods, camsdimesedong of défmai kK S00enmi x660mno e conrmectEll Bt diigh vacuum

sensor. HfF02 U/ filter |ayer and tical 15 lavyer | so. b

deposi i ed HPTERIBONERTGRS - tArate ARy optthaniPalPogster AN Crntigafiap atotary
or el ectron,Ream evaRNrald AZintaindenat &9 26eBsie8aliieono kA, THé Righngacuum
spi nning or_any conventional coating processes including_tip, or di

coating. 5.Piritirgaugs §A6dgwiseaeRt MRDItPOEE] VRRWUMANERBEHe: Jmep'rs(@&i@@pvalve
descri bed ' | Il Je Oy | S 0

ol -t osror Tob e CBee orcREldRY, e yELLIR pLoRly stdlicy BB4° 431 AL Ladhum
in FIG 5A chiEmbaystznTivelipearsmstiorrdridel §1@ isnnsed dor sedlinghthebadisesive pad

used for c I n ut s eps cl eani ng t he RQase substrate, . .
Forni ng. t he1 2Bt M QLR HeShn 814 sk nehe™ o1 FefsiettBh eiran0 is
and then canbyhted réu@EPa KPR EMRRRSbmidciond16 ethdaxdctem eiehbet and it is
being carried out within separate sub- chanbers. For instance, in the

case of af maxmaticallyroperaterda dove dpetnaaometion syglem-c EL | ayer, and
cathode may be carried out in sub-chanbers 571, 572 and 573,
respectively, and gas perneation sensor is carried out in sub-chanber
574. Pl asri@88] eaRneymatid liorsapetipatfeedthneygtbprayides adiopfor limear motion by

sub-chanmber_575. 30 The, base substr.at.e, i o, e n :

el ectronic %Qﬁjr}%ﬂe%ts,ut&ﬁg@ ??rﬂgﬁségdb%?tpr" gﬁé{%riﬁg@gb{?plggl @igpo@kg% The

I[ 8t8(7)] t Ihe S Lthmﬁ;bl%?d daris ,r?bdrdéﬁtedil thif@)aghghe inlgt 6V@ gggmutrbogzemmp% pneu?"uatic
n_one exenpl ary enbodi nent, sub-chanber e . a Jab-scal e

35 gl ove 1pACtERIO 1 PeRRIAYE! IR Sa%ﬁefp%? %"gqn%hﬁ%eéﬂg%wﬁg&. & adjistment

fabri cati onjlocafe P BE ARS WAbHA@bfAfe HHAUMAtR Fdtatd?B22. Ohdd adjusted, the

exanpl e, the vacuum chanber 502 has di nensions of 400mm x 500nm x

650Mm i s cdanertledl4 woknéhapdiistaeniumolpbddimplaseatingar Bavel adjustment can
oot L on! RTRERRTLET pRORSLE R GRERN DT Bl Lohate NATHATT, 20 b
Pirani gaug:mrﬁ'%tédstmﬂmilimenrnnuﬁicbmdriveéikﬂa‘imMmlcbn@ﬂsejaeiheﬁ‘l_he pad 512 used
|532| Z;hoaﬂ\ﬁh\égauﬁg%ﬂe‘ %eVi%S?' TLg rlin'e%lgld?i{/é%gaﬁgqog G4 %‘y”&@éﬂi’}’éé]g ' %tHo%]ng
jig 528 is also used to apply pressure while the adhesive sealing process is
undertaken. The pressure typicatly applied is in the range of 40 to 80psi and the
required pressure is tailored to the type of substrate/device used. The pressure
can be applied either on the rim or the entire face of the substrate. The different
25 types of holding jigs can be used as per the requirement of packaging. They are
constructed of high grade vacuum compatible materials. The use of welded
stainless steel bellows and linear bearing shaft support provide reliability and
smooth operation. Pneumatic feedthroughs can be chosen from industry
standard components, such as, either conflat compatible Del-Seal CF metal seal

30 flanges or ISO KF Kwik-Flange elastomer seal port mounts.

[089] The smooth operation of the linear motion drive, holding jig movements,
and alignments with the substrates are carefully controlled by the supporting
frame 530 and linear ball guides 532. The holding jig is designed such that the

35 adhesive can be loaded onto the jig through a load-lock 534 of the vacuum
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chanmber 502. The linear notion drive 510 is used for sealing the
adhesive pad 512 onto the OLED device 514 under vacuum The |inear
notion drive 510 is nounted through a KF25 fl ange connection 516 to

the vacuum ghanbs Simﬂaﬂi/ ihe ddficd e wimbira® bin eRefrans@ried tdrfheesibdrate
| i near notion syste [088] Pneumatic |inear notion feedthrough

provi des acfﬂqlaﬂrmugh ﬂ@@ﬁdﬁa@kmtmseweyvﬁsa NG BIACGESFe conpressed
air pressure in the range of 40 to 80psi. The conpressed air is

adm tted through the inlet 518 and outlet 520 of the pneumatic 15
actuat or. Lj096hr it’hawabuuchrtmnls@'oﬁ@%isefdlrtber bqu'typrdndm Byplasmaisogreeh836

adj ust nen kno ocat end ctuat or

oo s ol abfanS Fk: S atnehl it S83nMicheord I BARHIPS borBitihfi2bss, The
pl ace. LinemF ;ﬁcﬁwafreboﬂﬁﬂdalléﬂ 5B&itis a@led fof mdﬂaﬂmg tige tRRe poevditi 6Bthe plasma
travel distance. A suitable adhesive holding jig 528 is connected to

the |inear SFRSUIAGRPERRRMAIAN RONRISEP t%%a@aa@g.waﬁadﬂ%qfﬁcamd%e to

for sealin [
o IR eI CERRGIs St Pt Wit bl

adhesi ve sem‘opagtqsr doethe tase widermohkaer sUhstrateedoeare arg phaay |avenues for
Fo0 1 or ed Do {HRses o @ARin ar B ey BBHex SN Sfack dtl Bl Pe RRlier, Base
applied ei télﬂ:rstr@te ttomds it absdihe waitdr vapbaciieoto tibag sstordgentiiene Hrel from
of ' packagi tEndiGrir eXoRsE P RTTanE PR AL sDecs FoubEoR drould
materi al s. JdimiM§eadctVaisEeSon %fa!h@ §§ﬁe§¥/§e;5a&)ehi=oﬁ’?gé}f“ﬂ)léénﬁ‘§% used to

beari ng shaft support provide reliabil and snoot i operati on.
Pneunati c fl@cembandohh@h%ur&@ﬁe bfatwa@@etratemnrm@@t seeled devirgr With low energy

COMPONeny s, gl Btereld NRmARIS| Aol SR TR Dadd FELELESRRhe

30 flangés or astoner seal port nount
The snoot h cyzentadr snnmaEintahned belmr 4mot1(b‘?1 nuban/and isl donifpredgby a pressure

novenent s, nts w h th trat carefull
control| ed BENTaoaEL I ot howanfe &3 RF piver igseit 209 and
The hol di ngaﬂ ioptital desiteeee tipns s Tnbﬂ’haWQS ﬁﬁaa@mlmmuwmngeh@mge@h the
onto the jig through a | cad-1ock 534 of the vacuum 27 cha

Sinilarly, YUacgesancitint Timatgon gag line §81tis aesnertesto; e yacuum chamber
substrat QP&QOWBUE@ BH 8 c!l%‘ld p!iz%g#? at%%ts?ﬁ@”ﬁ%éeﬁﬁéiqﬂe 552 is

process. he vacdum c urt her equi ppéd
pl asma sourenngstd & foe \aa:uuat@hgn‘@er feavepting dhe cthesmbergatier the plasma

adhesi ve bapdingppAseRs; The

[091] The substrate heating table 540 can provide up to 100°C and the
25 temperature controller is used to maintain required temperature. The heating

process to melt the adhesive during vacuum bonding the device. After the

vacuum sealing process, the adhesive can be cured by exposure to UV light for

30 seconds. A 400W metal halide light UV source 542 (model 2000-EC) is used

to cure the adhesive. Wavelengths of 365nm & 300nm with the respective
30 intensities of 85mW/cm? and 22mW/cm? may be used to cure the adhesive.

f092] Accordingly, the sequence of fabrication can be chosen flexibly
according to the encapsulation design, OLED architecture, substrates and can
be used not only for batch and in-line fabrication systems shown herein, but can

35 also be adapted to roll-to-roll processes as well.
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RF power controller 538 is used for controlling the RF power of the
pl asma source. Surface preparation consists of cleaning or surface
nodi fi cation done to the as-received sanple or devices in order to
obtain desired and reproducible properties. In the case of a polyner
substrate, there are nan avenues for 10 surface contanrnatron on the
barrier filmpAQNHLICE: & : -

Sxposur ot QORNET oo R @%‘ép o 08, LA e

certainly a/fafpe@t teghepaitaatey ahdelifiulios icoefichhts RlonagointedratstBséssar in a
used to ard th rface g& the ubstrate or primary seal ed

devi ce vm? @?%i@?c ©5t 0 renove surface

cont am natlon The base pressure in the chanber is maintained bel ow

4 x 10-6 nbar and _is nonitored by a pressure nonitor 550. The argon

flow rate i[894bscthe calumrAepbeksiciuse was iategredwithca senallopolaskle (Alg3)

Sur 1 ace colil Fon! WiEgaRed 2QEFR, SRy BtLElq SRPRERRR Bt The, pes

charrFer 20 subpstrate agingestandgad gnrsedséem amnd asgapsulsednwith a dhver glasopenim
gas line 552 '

nnect to the v chanber for t he .
Ipe nber 1 tealinn sSMigie The Supheric e desus 1 Bioms e e HhabR psperties of
heating tahhg Ma@é%tr%ﬁ}fé%d%rﬁé?at&ﬂ@ raf\dltst Rien tﬁér.reaﬁ%ecrfa@yee & PLED
controller is used to maintain required tenperature. The heating

process t o Wl trespectadeepeekadgsurstivgiuraculhs bdsvigesy were dept . aacoastant
the vacuu

/1 gnt 1 appaAQfe BF 869 Tnd B feiaa iy FIotiEEl) e FRRER R fot
(nmodel 200GtteSsed sundard constantiroririené ardhelsage . bitAddieAgtrsent was5appied
300nm wi t.he res ve 30 intensities of 85nmV .and 22mNV ¢ ma
e used 15 RS ERATS ntiBestendt 53 MeaSnae, o eIt Qoyas andane etits
fabri cati orargahdih FhBRENG S TEXS dhstregehat tendeviced Afe efregfsd balyi @ith high
design, OLED architecture, substrates and can be used not onIS% for

bat ch and ﬁﬁmpﬁrﬁuf%mdcaﬂmtk%t &Rt eledirallye r@ptical rnalysis of fpesralgium
be adapt ed s‘eﬂsbPWastLth%?tlakeﬁrt%%ﬁﬁeasnfc?rof\?dgdﬁ ﬁ E?féf?ﬂaﬁn@ra at lnt rvals

CHARACTERI SATI ON' OF ENCAPSULATED™DEVI CE | om ng resu
denonstrate that it is possible to obtain water vapour transport

rates ang, cib&&fs' ReaR I Eh&h AU thd Emtfi'r%si intEe % %dla?&r)'ﬁ%’reesb fh corroded

areas correspond with a large drop in luminance of the OLED device. However,

the diode failed before the calcium sensor was fully oxidised. Thus, we can
conclude that this measurement methodology can be beneficial in the
understanding of device lifetime & degradation phenomena and also useful in
25 estimating water vapor fransport properties of the given OLED packages,

adhesives and polymer substrates.

[096] FIG. 8 shows that the luminescence of the device decreased from
110cd/m? to 50cd/m? abruptly at 150 hours. The degradation of the device could
30 be due mainly to water vapor permeation through the adhesive sealing, since the
device was not electrically stressed. The inset figure shows that the water vapor
permeation rate through the 2mm? adhesive sealing material into the package is
significant and is calculated to be 4.4 x 10°g/day. From these results, it may be
concluded that the measurement method and system would be beneficial for

35 understanding device lifetime and degradation and also useful in estimating
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5 gl ass based packaged OLED structures. [094] The cal ci umtest
structure was integrated with a small nolecule (Al g3) and PPV

pol ynmer - based OLED device structure fabricated on to the gl ass
substrate | ' ;

al'ass by r e VEPaF RSpBh IipERRsTRL R AR DR pblahh, RRfives and
measur e t hepolWmer pubpisateseslowfever,hine preseatl vastivmcsenled atedicsolifeetime evas

the results wth the |ifeti of OLED & PLED w th respect to package
Structare. S, e Te0hods and sRIUn 844 By sBRERC el §5EAA o
and 90% r el dgragativmigkd $40 Hey\ave03C bhe otey rslatvaaumidigt.  stressed
under constant current or voltage, but 0.5mA current was applied 15

whenever ?he |um nescence was neasured at constant intervals and the

results ar o] A 6 | n t LGEeShar o
Cressed oly hit N A ePor ppesi ol hagn ! SrRERBAMNGASb9 8 solubilty
el ect ri cal Idjffusipn imeghasism podgrafuahepermmeatamenterssocapaslation 4o cakeninto

be seen 1r oI EE QBER, MRS B P o Rl dueiPas d et btatium
o B B s o pers et e
oxi di sedl0 TReEINIGEAICHIN 4ihBrasHEosnSAICR SVAERNAR dhaf il Hottlcy oxide
can be bengthejaln hdditis, thendSisHPBRIMhtSinSRIHSCEs hhfdbétiBa®resistor, which
degradati on phénonena and al so useful 1 n 25 estimti nagwat er vapor

transport praspenticabandfelegtaca)iprepertieEthpbeangssas itaragualeeagiriwith water

pol ymer su FIG 8 shows that the |um nescence of the
devi ce dec%&éggﬁﬁp%&#g%}f&cd/nﬂ to 50cd/ n2 abruptly at 150 hours. The

degradation of the device could 30 be due mainly to water vapor

oot oL bORE T Ite dte L BRI Sty o, Pbter uRSH il e DagEads s ARtprmined
per meat i on diicayt meﬁbuﬁﬁ@tﬁém@sigtéh@éiw@mgbsngogmee%bﬁém%é;@nkhﬁ The
X y

package is significant and is calculated to be 0- 5¢ . From

these resulRle, of congdyctpace againsidinetinshawn iIfddSurd menvetke fnBaite fine is
syst em woul I GA t ' i ' i

dogr adat 1 o dmPERIGnECder borkd, HANSS HRE DERikr Y16 desih LT near
properti es Zefo t{hp i ¢0BhG) ED ihackalgasn sedisesisids fihe tepblis/earried out in a

substratgs. e e v e bce | 1.fe-ti nas

Shet oL ST Y e BT SOl TR SRS HgP aner

shown no achieving steady state, the rate of adsorption, the diffusion rate across the
barrier, and the rate of de-sorption remains constant and hence, the slope of
calcium conductance vs. time remains constant.

25 EXAMPLE 3: INTEGRATION OF SENSORS INTO A PASSIVE MATRIX OLED
[099] [n this example, the integration of a plurality of sensors into a passive
OLED (PMOLED) is demonstrated.

{0100] FIG. 9 shows a diagrammatic representation of a small PMOLED display
30 comprising 4pixel groups 901, 902, 903, 904. Organic EL layers 910 are
arranged between column electrodes 912 (anodes) and row electrodes (914
(cathodes). The anodes are arranged perpendicular to the cathodes, and each
intersection of a cathode and anode make up each pixel. In the figure, 9 pixels
labelled a to 7 are comprised in each pixel group. Arranged adjacent to and

35 between each pixel group along the edge of the PMOLED display are gas
30



degradation up to 540 hrs at 60C and 90% rel ative humdity. 5 [097]
WAt er vapor penetrates through the encapsul ation by a solubility
di ffusi on nmechani sm and gradual |y perneates enters encapsul ation to

conme into ﬁ&?ﬁéaaqiton"! g[@ggﬁﬁictg\ggsaj%@éfggbg%sel enent conprises

a piece of calcium ne esor be ef” vapor fromthe adhesive
sealing reacts with the 10 netallic cal cium and produces cal ci um

L2 AR Rl SLIA) B ot R s S A
el ectrical ¢fapRid beS califid<: Raedyanitioliggadtidgh! pixsis asdt tuMiedlomah8 which
vapor during the test. 15 [098] The rate of perneation of water vapor

into the paekel§eemaindtierifienaar Parmealiony seysareaayalag beneounied & Mrdrive
/conducti VéiFd(lit%r]g@\ﬁﬁﬁ@t@%b%mJﬁ%§Lﬁ’ile%elﬂ%. AN 2REE, from this

against time1s s Inite time 1s requi
for the watfigureape integratiorerss egash @domestien , sessordhalaewdrieqnge f $ubstarstial

near zero (up to,400hrs t the.calciu ensQr—.si de. The test LS

Carri edou ok Ssiaan tn e BRIEES L HRLRAE: 1F ol caigsatomay be
relative hugifficient forhepheticighinedsensdrRatty arbage gdshferirdiaioffsensors along
adsorption, the diffusion rate across the barrier, and the rate of

de- sor pt 1 8rtheasgef the socansulatien pevRrng e<OL5EBpe of  cal cium

conduct ance vs. tine renmains constant. 25 EXAMPLE 3: | NTEGRATI ON OF
SENSORS | NTO A PASSI VE MATRI X OLED [099] In this exanple, the

i nt egrati orl0d02h PMOIHEDs arefmeshefficient fentext padsicons abidEde( PestsEled for

is denonstr I Lagqr tiCc representatio f
sl P Sy oS insh RGeS sph R85 MRt kR IR RepgPoRs
904. O ganiMPBLplbayst £v@hOwih ehe axterngedirfigtrwePMGIOEDETCoRlsaaty RE6 attery
ar anged | SAHINER e LT RtatioauEtiindSElch tereci8aess andhesother
cat hode anchaDd6r FRHE démARfiRg magpﬂ% appli¢dtRnk! Qefife nPathk XHLED (AMOLED)
| abelled a to i are conprised Tnh each pi xel grgég’. Arranged adjacent

to and 35 HEEMWEE Usadh AMGREEDSr baye fvibngyarneofetgibiods, ngamsmelscules and
Squar oo, [ CYDEE: REGHRCATERE |8y BERIAYa Wl iRt B Rt P forms 2
power to sehetrixed'hst MAJs array itself is the circuitry that determines which pixels get
20 turned on to form an image. In general, AMOLEDs consume less power than
PMOLEDs because the TFT array requires less power than external circuitry, so

they are efficient for large displays. AMOLEDs also have faster refresh rates

suitable for video. The best uses for AMOLEDs are computer monitors, large

screen TVs and electronic signs or billboards. Gas permeation sensors may be

25 integrated into the architecture of an AMOLED in a similar manner for PMOLEDs

as described above.

[0103] This invention has been described in terms of illustrative embodiments,
and it is to be understood that variations and modifications may be made without

30 departing from the spirit and scope of this invention as set of out in the following
claims.
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of anode and cat hode, thereby controlling which pixels get turned on
and which 5 pixels remain off. The gas perneation sensor may al so be
coupled to the drive circuit for carrying out gas perneation

measur enent\Whatds daifhdieisseen fromthis figure, the integration of
gas perneation sensors do not require substantial design changes in
the architecture of the OLED. In sone cases, it may be sufficient
for herneticity as f ation sensors al ong
10 the edge of i he eneameo A e A R D, [0102]  PMOLEDS
are nmost efficient forbasxsubsititecons and are best suited for smal

screens (2- to 3-inc i ; t { ﬂb%%
PDAs & 3 pl ayers. %eeﬁgmét%@@a@%@tngﬂﬁﬁgé@wr@@ ﬁ’ﬁ/{‘é fe and
consune | ess batdrmlysetbwithinean tenaapsiiatiluCEsatt pratecis ¢he electiniy cospdnent
in these devices r hand, for nore demandi ng di splay

. On the oth
appl i cations, adfqreNASIe RNE{GESY AR may be used. AMOLEDs have

full layers of cathodg eftdma Gad'PeRsediRh S8Hsor afafdged rttheisendetrate
| ayer overlays a thin filmtransistor (TFT) array that fornms a

matri x. The TFT a&id eyclpsedmithinsthenencanseiationy saifzgasieeansqtipnsseios peing
pi xels g 20 t : 'é}ﬁﬁa-l @}ﬁga QRSUMe

| ess powzé than%a&%&%gs%ggﬁ%@ﬂ@h% tlgrn :bg%%;é Sg%:tp gs eggﬁigggﬁ'r

t han external circuitwlereso they are efficient for |arge displays.
AMOLEDs al so have faster refresh rates itable.for video. The best
ises for ANDLEDs ar o SRS AbiPebite o sBReiotiniadomp e

el ectronic signs or hin |dleéridslly Gasdpetivieaddnsings eemest mhyt be Made of a

integrated into the architecture of an AMOLED . simlar panner for
VO EDS as desdRPBETeaRGT KB FeHINe TRBHe) eIl Shembdenstisgof

in terms 9f i1l ughid #hatéRap WARIMEBRMGR andfd dxygbs l{ﬁgull?@irﬁl%efn%ﬁ'éﬁé@ in the

that variations and nodifications nmay be nmadé wi thout 30 departing
fromthe spirit eleefrisgopsistanaerefdhe seasindgdiementet of out in the

follow ng clains. Bllj%r}s/\?%tg%ﬁéc,%ﬂ Ebﬁhé‘& r%é?aﬂde d?‘%o%%%@@#lt@é ggngﬁéi%%nent

conprising a base s an el ectronic conpo arrange
t he base subst r dbea sigdal evathatoedunii.t hi n an encapsul ati on t hat
protects the el ectronic conmponent
20 2. The device of Claim 1, wherein a plurality of gas permeation

sensors are arranged within the encapsulation.

3. The device of Claim 2, wherein the plurality of gas permeation
sensors is arranged in a regular grid around the electronic component.

25
4. The device of Claim 2 or 3, wherein the plurality of gas permeation

sensors is arranged near the edge of the encapsulation.

5. The device of any of Claims 4 to 6, wherein each gas permeation
30 sensor is spaced apart from an adjacent sensor at a distance of at least
about 1 cm.

6. The device of any one of Claims 1 to 5, wherein each of the at least
one gas permeation sensor is spaced apart from the electronic component

35 at a distance of between about 1 um and about 100 pm.
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from noi sture and/ or oxygen, and at | east one gas perneation sensor
arranged on the base substrate and enclosed within the

encapsul ation, said gas perneation sensor being 10 capable of
measuring the perneation of gas into the encapsul ation, wherein each

of said at |east_one gas perneation sensor conprises: an electricall
Conducti ve sensi frg of DNSREVIRAE! PBY Ghadabts 4 i Bhgrendhe) ¢ Brygeaton
sensitive materigdnsoMiehfbAgEN eaCBLaticaithPNthel enchpstifitidn TRt &idcabied by
w th noi sture and/or oxygen results in an increase in the electrical

resi stance of tHéesleRiromic ep@wenent.an el ectrical connector capabl e of
connecting the sensing elenent to a signal evaluation unit. 20 2.

The devicé of Caiml, wherein a plurality of gas perneation sensors
are arranged wi tdi n thee etedqe ufatnpnof Llaifie tetoi e whe@imi an 2lectrically

wherein the plurality of gas perneation . sensors ig arranged in a .
regul ar grid ar diRUElRG matERats METosRSLheeen Be At 19551 Gl fag Pgimeation
Aaim2 or 3, whedrioR ahbehdlkeloonidycathp@ssntper meati on  sensors is
arranged near the edge of the encapsulation. 5. The device of any of

Clainms 4 to 6, wherein each gas perneation 30 sensor is spaced apart

from an ggj acentgsens el ; : RV :

devi ce o?gany on% of ﬁealé%\g@?ﬁf?@wgm\gbgﬁn ('talge{?:‘ﬁfe(():% tﬂgq%%h!%tengs'?’at%ﬁr}ég 'S

gas perneation sssiededi frogpapelyiraisier t pandene, h@obistgeneni polgcarponatet and

35 at a distance_ qgf :het about 1m and about 100 m 32 7. The
Erafifeioy

devi ce of any ofP 53‘6, wherein the gas perneation sensor is

arranged at a location within the encapsul ati on not occupied by the

el ectroni c conpopent._5 8. The devic f. any of C ai ng to, 7,

wherei n an of oot 1-cai T4 deHER: ot AOREIERTal 190, Hherbposiab ans ae gas

the at |gast oned&afedliBhBRAsbPAas at least one physical or physico-chemical property
that is at least substantially the same as the electronic component.

11.  The device of Claims 10, wherein the at least one physical or
physico-chemical property is selected from the group consisting of the
20 dimension of the accessible surface of the at least one sensor, surface

area-to-volume ratio and reactivity with moisture and/or oxygen.

12.  The device of any one of Claims 1 to 11, wherein the sensing
element comprises a water and/or oxygen sensitive material selected from
25 the group consisting of a conductive organic polymer, metal, metal alloy,

metal oxide, and mixtures and a combination thereof.

13. The device of Claim 12, wherein the sensing element comprises a
metal selected from the group consisting of calcium, iron, magnesium a

30 combination thereof.

14.  The device of Claim 12, wherein the conductive organic polymer is
selected from the group consisting of polyaniline, polypyrrole and
polythiophene, polyacetylene, poly-p-phenylene, and polyvinylpyridine,
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sensor and the el ectronic conponent. 10 9. The device of O aim 8,
wherein the electrically insulating material is selected from

pol yi m de, paryl ene, polystyrene, polycarbonate and pol yvinyl

IChl oride. 10. Thﬁld]lﬁﬂ\eheeaimricﬁnw of cﬁiﬁaliyn‘ﬂarﬁ,l to @olypym:nﬂén thpolgmpyridine,
east one gas meat jon sensor has at |east. ope Si

physi co- chemi caIO"ﬁg @,e%ﬂm palyphenylanes ag ?%”B@f'aﬂ?'? &l%?ofhe sane as
the el ectronic conponent. 11. The device of Clains 10, wherein the at

| east one physi caI or_ physico-chem cal property is selected fromthe
group conS| stingl®f tHee dgwicai ofehigim il Hbiwhereintise Bsta)l exide s gelectad from

W th i stur e andPolouR, (B 9ES A BTy SROH Y0P A R LA

with noi sture an Vi ce of’ any®one

11, wherein the Gdﬂ&i&g C@Ih@@]ﬁnZn;_(BnﬁM 'asdsZraSm@g e ndngdlondxg geambination
sensitive materi | ected from 25 the group consisting of a
conductive or gant tymer, netal, netal alloy, netal oxide, and

m xtures and a conbination thereof. 13. The device of Claim12,
wherein the sen3| ng el enent conprises a _netal selected fromthe

group consi sting!®f cHI&idgvicei pbRNYneim i Glainas Bdo cbmbpiusiier gipmprising a
thereof. 134. Th%ﬂgggt. g | er%)efﬂhé%t !%Q@Eﬁ'd&rﬁ&?o??r@%héme SEQRRAL Bf the

pol ymer |s sel ect the p consisting of polyaniline,

pol ypyrrol e and sqm@bythlophene pol yacet yl ene, poly-p-phenyl ene, and
pol yvi nyl pyri dine, 33 thiophene-bipyridine copolyners, polypyridine,
pol ybi pyridi ne, organonetallic pol yphenyl enes and a conbi nati on

t hereof. 15. Thel%eviTee dbvi@baifrmﬂaﬂn Wj&ﬂiﬁ%nelrt tree prdtettivexlayer icemprises a

selected from 5 the gro Si s | n208,. Sn 2, CO0

VoCo. L Moot OHERGPSR BeN e Seciem CASInE R mAah robs ahalay. 2
combi natijgn t hehegi cxifﬁa TheetdPuiige Pixtary 0 Restaf nﬂld’é NEn br@éhléEpolymer
further conprising a protective |ayer covering at | east a portion

of the sensing eﬂ@‘r@@@”‘tﬁﬂ&tﬁ?@ thgegpdor . “ 17. The device of O aim 16,
wherein the protective |ayer conprises a

18.  The device of any one of Claims 1 to 17, further comprising a liner
layer applied to at least one surface of the sensing element.

20
18. The device of Claim 18, wherein the liner layer is interposed

between the sensing element and the base substrate.

20. The device of Claim 18 or 19, wherein the liner layer comprises an

25 organic polymer that is substantially permeable to gas.

21.  The device of Claim 20, wherein the organic polymer is selected
from the group consisting of acrylic polymers, parylene type polymers
{para-xylylene) and derivatives thereof.

30
22. The device of Claims 18 or 19, wherein the liner layer comprises an

inorganic polymer.

23.  The device of Claim 22, wherein the inorganic polymer comprises a

35 silicone-based polymer.
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material selected fromthe group consisting of a netal, a netal

alloy, a 15 netal oxide, a nmetal oxide mxture, a netal nitride, an
organi c polyner and a conbination thereof. 18. The device of any one
of Claims 1 to 17, further conprising a liner |ayer applied to at

| east one surface, of _lthe sen el ement

' 0 19, The_deyi c ai
16 “whor i n 1t he F4-ner NS geVCRsO) ARk e gt Clatiuldl Zhe Rberin dge electical

el ement and the Qppecibdm@ises 8Pleabiandedlicefo@és, Gal Bld&redes! 8xtending
wherein the liner layer conprises an 25 organic polynmer that is

substantial ly pdh | et encapsulation, herebgwreddisn exnuskiefor serdael with a

the organic pol yg@g iie%ﬁj%ltiﬁﬁ%ﬁ fromthe group consisting of acrylic
pol ynmers, “paryl en e%ype polymers (para-xylylene) and derivatives

thereof. 30 22. The device of Clains 18 or 19, wherein the liner

| ayer conpri ses i-nor gani ¢ | ymer.~23. Th Vi ce of aim22 .
wherein the i nor@ni cﬂlﬁ) 9“‘8? ‘gfgﬂ%\‘ iogeglagns ?]5?%&?? H@ﬁ?Wag@deBS?W?ﬂon
34 24. The devi cenfbristaya midil@ferligime 1 to 23, wherein the

el ectrical connector conprises at |east two el ectrodes, said

el ectrodes extending through the encapsul ati on, thereby providing
exposure{for co ct wM ; stphal o2V o I ki g i

of any 0%60 ai msrzteiiil to ezl,ee@vxllﬁiea?.gi %%ezfg’n@gggﬂl gﬁ?gﬂhl%l?géﬁfggngié@ngﬁé&eat
mul tilayer fil mleast g barher yer baviof |@vanaiskBe andéraixygengermeability.
multilayer filmconprises at |east one barrier |ayer having | ow

noi sture and/ or oxygen perneability. 27. The device of C aim 26,
wherein the at |2ast Tiwe deqicei of Claiyrer26, cohgreirs e aatnighet ionke beatrizct lager
fromthe group consisting of netals tal ., 15 oxides, fjera

: , i C
oxi des, i nor gani®"HYyl matgHalsRIeclsd iam the ShauP FPRPiSHRG Og]ﬁrgptaFS, metal

conbi nat i 9ns t hejg@ds, 28ranlibe citRdsCeindlgdnial pBlyAersW&gahiz tdtfymers and
organi ¢ polyners are )
mixtures and combinations thereof.

28. The device of Claims 27, wherein the organic polymers are
selected from the group consisting of an epoxy polymer, polysulfide,

20 silicone and polyurethane.

29.  The device of any of Claims 25 to 28, wherein the multilayer film

comprises at least one layer having distributed therein reactive

nanoparticles capable of interacting with moisture and/or oxygen to retard
25 the permeation of moisture and/or oxygen into the encapsulation.

30. The device of Claim 29, wherein the reactive nanoparticles interact
with moisture and/or oxygen through chemical reaction.

30 31. The device of Claim 30, wherein the nanoparticles comprise a
material selected from the group consisting of metals, metal oxides and a

combination thereof.

32. The device of Claim 31, wherein the nanoparticles comprise a

35 metal selected from the group consisting of Al, Ti, Mg, Ba and Ca.
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selected fromthe group consisting of an epoxy polymer, polysulfide,
20 silicone and pol yurethane. 29. The device of any of Clains 25 to

28, wherein the nultilayer film conprises at |east one |ayer having
distributed therein reactive nanoparticles capable of interacting

Andlor oxygen | e HOLAEHEuPLEIBR 36, WA d0rc PR e Anblice a
wherein the reaqﬁeteeofa;a@@@a’édte@lﬁ@m tm;%rro@gconmsﬁlhgrmlﬁoyrmzand/zm)z, Zno,
oxygen through chemical reaction. he devi ce of aim 30

wher ei n the nandiPt PP <32 N@Q:s@a Cries MaQg. a5g|Lépelsf r om t he

group congisting of netals, netal oxides and a conbination thereof.
32. The device of Claim31l, wherein the nanoparticles conprise a 35
met al sel ected f3om tTHe giuewp obridaien i3y whewmlin tme, nargpaBticlan dcabapriss a

e o2, S BRHY onOGHEL e SRNRRET R S R LEEr R o
devi ce of G ai m 3k waerel i th ‘W‘O“XF??%”‘?;“'SB“W@"‘”@?fih”?itfg‘ﬂ?fe
conducti ve oxi déﬁﬁéﬁ”\é\gi agd %P%wfa??s& P GHI) %&lﬁgl&?ﬂz@dm umIO
stannat e1§ Cd2SnO4), cadmi umindate (Cdl n204), zinc stannate (Zn2Sn™4

and ZnSnCB) and zinc_indi um oxi de (Zn2l n2C5). 10 35. The device of
Cl ai m 29, wher ei3®.t helheedevics of RdaiBpaPt Wbpein ﬂ’!ﬁ egagtive ngNoRartisies inkeract

and/ or oxygen t%ﬂv%.&&%%rﬁ)&/b Bx thi g &E’ﬂ G ai m 35, wherein
orY narot ubes. :

t he nanoparticl es conprise car The devi ce of
any of Clains 29 to 36 wherein the nultilayer film further

conprises inert rticles abl e. of, obstructin 0
of ol stur e andir oRBeeYieR of BRI PR P aiifes REgESe £&fbon
of Caimg7, wheimgiofuldde i nert nanoparticles conprise a

37. The device of any of Claims 29 to 36, wherein the multilayer film
further comprises inert nanoparticles capable of obstructing the
permeation of moisture and/or oxygen into the encapsulation.
20
38. The device of Claim 37, wherein the inert nanoparticles comprise a
material selected from the group consisting of gold, copper, silver,
platinum, silica, wollastonite, mullite, monmorillonite, silicate glass,
fluorosilicate glass, fluoroborosilicate glass, aluminosilicate glass, calcium
25 silicate glass, calcium aluminum silicate glass, calcium aluminum
fluorosilicate glass, titanium carbide, zirconium carbide, zirconium nitride,

silicon carbide, silicon nitride, metal sulfides, and a combination thereof.

39. The device of any of Claims 1 to 38, wherein the base substrate

30 comprises a polymeric material.

40. The device of Claim 39, wherein the polymeric material comprises
an organic polymer selected from the group consisting of polycarbonate,
polyethylene, polythersulfone, epoxy resins, polyethylene terephthalate,

35 polystyrenes, polyurethanes and polyacrylates.
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materi al selected fromthe group consisting of gold, copper, silver,
platinum silica, wllastonite, nullite, nmonnorillonite, silicate
glass, fluorosilicate glass, fluoroborosilicate gl ass,

al um nosilicate glass, calcium25 si licate glass, calciumalum num

ilicat I , | ci I I I tit .
Carbi de, 21 coniim cal B G8VICRISlcam e e e cr?%éﬁca'a@t%ﬂ'alécompnses

silicon nitride,azBhalg aﬁIII fpb%%r %I@cﬁadc‘ﬂ%m "tﬁé' @r%ubhéér@é?i‘.tmg %9 sillc
devi ce of any of CIalms 8, wherein the base substrate

conpri ses a pol ymfévq!Imeﬁ’ayléliqwneSAblsch@pmtad@@yblFO@ mlmlgworqm@hazene
t he pol yngrl C I’m:%r‘ﬁfﬂé‘Il\féIR/%PrtI\ér% an organi c polyner selected from

the group™cons Ing o ycarbonate, polyethylene,
pol yt her sul f one, epoxy resins, polyethylene terephthal ate, 35

Gt m 30, wher oi 12 nel Bongies LY e obEi o CBliS i B W hFaRg thfdnSlation

pol ymer sel ect ededmpiRddg dverRubSiigtiesarragged obidn @@RésSive layer surrounding
pol ydi et hyl si | oxanes, bi scycl opent adi enyl iron,

pol ydi chl or ophostbﬁe@?@ﬁ@r 5 and derivatives thereof. 42. The device of
any one qf) Cainms 1 to 41, wherein the encapsulation conprises a
cover substrate arranged on an adhesive |ayer surrounding the

sensor. 10 43. ™& delhedeyice@iaClaimM2,wikereim ashollow spacp dg defiged within
defined within he tion. 44. The device of Caim43,

wherein the hol |thﬁ/e§§§§§%§5 illed with an 15 inert gas. 45. The
device of any of Clains 42 to 44, wherein the cover substrate and/or

t he base substrate c I ses erigl select m t he .
consi sting of gl Qﬁﬁ%ﬂﬁ%\%#@? ’é(ﬁberﬂna Ia‘?IE’I’I‘I SB?%‘% IIEe.d fh an
46. The dsvice qﬁeﬁé@ésof Clainms 1 to 45, wherein the electronic

conponent is coupled to a first drive circuit, and the gas perneation
sensor is coupled to a second drive circuit.

45.  The device of any of Claims 42 to 44, wherein the cover substrate
and/or the base substrate comprises a material selected from the group
consisting of glass, indium tin oxide, and transparent plastics.

20
46. The device of any of Claims 1 to 45, wherein the electronic
component is coupled to a first drive circuit, and the gas permeation

sensor is coupled to a second drive circuit.

25 47. The device of any of Claims 1 to 45, wherein the electronic
component and the gas permeation sensor are coupled to a common

drive circuit.

48. The device of any of Claims 1 to 47, further comprising a signal
30 evaluation unit, said signal evaluation unit being coupled to the sensor to
measure a property associated with the electrical resistance of the sensor.

49. The device of Claim 48, further comprising a display unit capable of
displaying a quantitative value associated with the amount of moisture

35 and/or oxygen that has permeated into the encapsulation.
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25 47. The device of any of Clains 1 to 45, wherein the electronic
conponent and the gas perneation sensor are coupled to a common
drive circuit. 48. The device of any of Clains 1 to 47, further
conprising a signal 30 evaluation unit, said signal evaluation unit

bei ng coupled to_t he r.to _measur opgert ted with,
Che ol oot rical ridi st IMIDHce Rl SBRsBr Clalms 4horadl; durer commrsing
further conprisi@gdBasi %Bhﬁf&fllé’rn'v@hé‘r@ma@bi% ﬁé‘edb@b§9ﬁo@1¥r‘oﬂ9r & coupled to the
guantitative value associated with the anmount of noisture 35 and/o

oxygen that has $ignafegvaliatianounitetoeieapizvel é&adﬁxﬁiGKBWEﬁ@ﬁOmhéOdeQnt&i the

of any of CI ai ns ég%'&él A@Nerf [%Dhga tﬁﬂ[@é'eﬁﬁﬁlcacf%rﬁﬁﬁge?ﬂ(:k controller,

wherei n sal d feec ntro I's cou st gnal eval uation
unit to receive feedback therefromto control the 5 electrical power

supplied to the ect i,c CO ent...51. The evice of C aimb50
wherei n the feedbhck LONEPYERET GIALD S5s dibelSifhg fesip A pomlls? ereases
supplied to the tﬁbeéléétﬂaalcp&@éﬁ@jmbddé th@%l@thﬁf& cOnpolest @@tﬁ@é&ﬂeﬂﬂof
into the encapsul ation increases. 10 52. The device of any of O ains

1 to 51, wherei rdaheeraeationdriocthegnespaRiRtion iN&BRERS - ed from t he group
consisting of an Organic Light Emtting Device (OLED),

char ged- coupl ed device (CCD), mcro-electro- nechanical sensor

( MEMB), organi ¢ 9hi n-Hi¢ MeMengifsaoy ¢fTERIMsaridta St.5wherein the lele@®nic

A net hod of fabr] i.ng.an ulkated deyi inget f oo
Gaim 1 to 52, SO SREGRE: KT BaSOR8 EHRNEGT P ERAlE iont
elhec'E)r oni ¢ gorrpommi‘ttmg Zﬁb\nd:l@r(ellnﬁiD)f @hargel- amu;ﬂeemm' QCC@Tpmeru—eI@ntro—
t he base substrate one gas n Senso

base substrate fuﬁe%@"" séﬁgﬁéa\ b%e?r% %’FS'%t@fr([ngW
capabl e 9§ neasud|fecellt he perneati on of gas |nto an encapsul ation, 25
and

53. A method of fabricating an encapsulated device according to any of
Claims 1 to 562, comprising
providing a base substrate for forming an electronic component
20 thereon,
forming an electronic component on the base substrate,
forming at least one gas permeation sensor on the base substrate
under vacuum, said gas permeation sensor being capable of measuring
the permeation of gas into an encapsulation,
25 and
forming an encapsulation over the electronic component and the

sensor.

54.  The method of Claim 53, wherein the step of forming at least one
30 gas permeation sensor on the base substrate under vacuum is carried out
under lowered pressure of between about 10 to about 107 mbar.

55. The method of Claim 53 or 54, further comprising cleaning a
surface of the substrate with oxygen plasma.

35
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form ng an encapsul ati on over the el ectronic conponent and the

sensor. 54. The nethod of Claim53, wherein the step of form ng at

| east one 30 gas perneation sensor on the base substrate under

vacuum i s carri ef.outTheindethobovkaag @i Shsinnse 581 tob&byweererainotie Eledironic
to about 10"7 nbar. 55. The nethod of d ai 3,0r 854, further

conpri si ng cl earfRgPeNent is F‘HH\? din teebagsaasiate e YESHEH pl asma.

35 38 56. The nethod of any of Clains 53 to 55, wherein the

el ectronic conponent is formed on the base substrate under vacuum

57. The nethod di7.anyThg neptoasobany obElainisepdi e Phe vé185eiNT Bie eledronic

conponent ¢i s foré%%ér(ljéél'ht '?Ei ﬁtﬁdg‘f;'%%“rh&ﬂ@“ The nethod of any of

Clainms 537to 57 onent is selected from
the group consisting of an Organic Light Emtti ng Device (OLED),

e cout 0 4 b By kS et B B2 e R ptoni
The net hod of arbbrﬁ’;ﬁoﬁrﬂl @Bs&idcied fr8m M‘@rgﬁbﬂpaddr%isth@eoﬂaﬁCUrgé}hl@ Light
conponent is forned on the base _substrate base substrate Is

transferred undégmihng rl%@\ﬂcw(%@;a)erceaf@daep%@%rﬂﬂw £gf6h. mlplzslrelegtro-
form ng be Sensrﬁﬁchm cal186n qm‘_ﬂ !'%F?}r?']ﬁns"_i’ oF?TF‘?) and a
Ses.

wherei n orm ng t encapsul at rmng over

el ectroni ¢ conpawancelnd t he gas perrreatl on sensor at |east one

| ayer having distributed therein reactive nanoparticles, said
reactive nanoparticles conprising a material capable of interacting

Wi th noi sture argh.or Theygesthdd of ahprod Ctldanenepﬁﬁ e &8, w?neoémmﬂatthe @lectronic

and/ or oxygen into the enc sulatio d of Clajm 60,

FUrt her compr i SIRPUTRRIL Bndomedian dbs | Best SuHITEtSy Hifbl Fsgarabrtale is

over thejkayer Qfansferred under an inert atmosphere to an assemb[y region prior to
forming the sensor.

60. The method of any one of Claims 53 to 59, wherein forming the
encapsulation comprises:

20 forming over the electronic component and the gas permeation
sensor at least one layer having distributed therein reactive nanoparticles,
said reactive nanoparticles comprising a material capable of interacting
with moisture and/or oxygen to retard the permeation of moisture and/or

oxygen into the encapsulation.

25
61. The method of Claim 60, further comprising:
applying an ultra-violet light curable adhesive over the layer of
reactive nanoparticles,
attaching a cover substrate to the adhesive, and
30 exposing the adhesive to ultra-violet light, thereby curing the
adhesive.
62. The method of any of Claims 53 to 61, wherein the steps of forming
the electronic component, forming the gas permeation sensor and forming
35 the encapsulation are carried out under vacuum.
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reacti ve nanoparticles, attaching a cover substrate to the adhesive,
and 30 exposing the adhesive to ultra-violet light, thereby curing
the adhesive. 62. The nethod of any of Clains 53 to 61, wherein the
steps of formng the electronic conponent form ng the gas
perneati on sensor_and fornlngqréé encapsul atj on gre carrled out

f

under vacuum 39%%3. Asysten “F%W?Q 888N PaH ket 4pUGE Asedringd @eanv

as defl ned in a 0 oREn .
hautno rrangea {HZPLTE! R, ot o S OBAS it VR AR e

chamber for receiving @olcangw@paréangaed witbinottle vasiiwe tchamhbertfae reeqiviog a
chanber, gaid Io?%{_l %k being adapted to transport the sanple onto

t he hol di gijig, g asma source capabl e of di spensing plasnma for
cleaning the sanple,aldadidcl earstected to e watwum alhastherc saiddaptiedk theing

forma gas perneati nsor t he s Ie an second materi al

sour ce adapt ed t%éng?%t%ﬁa” ?%[PP gé?e?'ﬂ@'%%lﬁ%l e, a linear
notion drive capabl e ®fpladbYddiBcé d2@abRl of Qfsiﬁer@ﬂ@{)?asnﬁiﬁ@* eleahidd e
holding jig, 15 a heater coupled to the holding jig heating a

sanpl e, and a WAMBIgrce for curing a U-curable pol yner. 64. The

system of; CI ai m 63, éﬁj’:‘%]
of seri aI y connect e\c,i\é} %bgﬁa ers. %@%Q ;R/:'[sHt)Eed %& %%&é bgg{'\béﬁon
wherein the firsiensareani e saopieearha se‘mndsmatﬁfml saud aflaptedriodfosmean

each connected to_ an i vi dual. sub-chanber. 66. The system of any
of Clainms 63 to %%Cap\ﬁH%%gPr?VFﬁb]q §%’B§ ¢tk 25 conprises an extendabl e

armthat is novabl e thripegh nsetioh Hlive aapableobf appiyirg lay nommalefdree onto a
sub-chanbers. 67. The sr}/?\tem gf any of Clains 63 to 66, wherein the
linear motion sample orf the holding jig;

15 a heater coupled to the holding jig for heating a sample, and
a UV source for curing a UV-curable polymer.

64. The system of Claim 63, wherein the vacuum chamber comprises a
plurality of serially connected sub-chambers.

20
65. The system of Claim 64, wherein the first material source and the

second material source are each connected to an individual sub-chamber.

66. The system of any of Claims 63 to 65, wherein the loadlock
25 comprises an extendable arm that is movable through said plurality of

serially connected sub-chambers.

67. The system of any of Claims 63 to 66, wherein the linear motion
drive is capable of applying a pressure of between about 40 psi to about
30 80 psi onto a sample present on the holding jig.

68. The system of any of Claims 63 to 67, further comprising tracks
arranged fixedly with respect to the holding jig for guiding the movement
of the linear motion drive towards the holding jig.

35
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drive is capable of applying a pressure of between about 40 psi to
about 30 80 psi onto a sanple present on the holding jig. 68. The
systemof any of Clains 63 to 67, further conprising tracks arranged
fixedly with reggect A ané¢thedhsfl detegminigg fthe gatudi of) anhelettroaeodbmpohent

the Iinear notion drive towards the hol ding jig.,35 40 69. A net hod
of det erm ni ng. EHETGeAN B AN EPSUERMAEVER ASHRINES 18 Ant AOLE RIS
an encapsul at ed {geyl ggidanedRll ddshridingny one of Cainms 1 to 52, said
met hod conprising: measuring the electrical conductivity/resistance

of the gas 5 perneatmeasusingsothear ¢lgatjisal weonductivilyresistapsal afi dhe gas
determnipg fro e P8 ' |f£é3pl5"’ 14 ' e of the

sensor thg amuﬂe?@;%ﬂ@b%%hé%&g"ﬁa r oﬁ@@éhé#ﬁégaﬁgéﬁ%@r neated into

t he encapsul ati on ofddtdrenirimgapsmh asaid dbedideal asoddudivitglrasistaopcehef the

amount of noisture ang/or _oxygen that has 6 10 perneated into the .
ncapsulat | on oferiar B AU RO Re v e SolE hat Rgk mirgehld into the
el ect ronic_conpaieapsuiéfion Shinadidupiuiie@uaiednd f ur t her conprising
the step of evaluating the electrical and/or_physical properties of

the el ectroni c conporféffelating: Hee amaiidapsumpiddredandier (e ygenetiipiheras
whet her jge el e%%‘afec?ﬁ*ﬂ@%\?’éhcéﬁsul%ﬁ&?to‘f ‘i’rﬁ'@len(f:g&sulgﬂ%% H@Ji@é’go o status
r gt 0 [ or

Claim69 or 70, erein correlatin e anount noi sture an

oxygen t hat has gfdnerektictranictompdreerdncapsul ati on of the 20

encapsul ated device to a status of the el ectronic conponent

conprises: determning the threshold anmount of noisture and/ or oxygen
to which the el7gt r diiecmetngbok laine§o prurep esatbrisimntrar step dfhevaluating

anmount of noisture and/or o en that has ..perppated into the .
encapsul at i on vith SleRCal AREAYSikab BIReTisRIob B P ERIR GogRaRent in the
remal ni ngs oper a@r@%ﬁhu[btéogd?gicg?% Gé@@hﬁ@%etﬁé}nﬂféﬂé@dmﬁ% céfPonent is

nmet hod of any of Cains 6 , further conprising coupling
functional.

71.  The method of Claim 69 or 70, wherein correlating the amount of
moisture and/or oxygen that has permeated into the encapsulation of the
20 encapsulated device to a status of the electronic component comprises:
determining the threshold amount of moisture and/or oxygen to
which the electronic component may be exposed,
comparing the amount of moisture and/or oxygen that has
permeated into the encapsulation with said threshold amount, and
25 determining the remaining operational life of the electronic

component.

72.  The method of any of Claims 69 to 71, further comprising coupling

the sensor to a signal evaluation unit.

30
73.  The method of Claim 72, wherein said method is performed on the
encapsulated device o evaluate the integrity of the encapsulation.
74.  The method of Claim 72, wherein when the amount of moisture
35 and/or oxygen that has permeated into the encapsulation exceeds a
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the sensor to a signal evaluation unit. 30 73. The method of Caim
72, wherein said nethod is perfornmed on the encapsul ated device to
evaluate the integrity of the encapsulation. 74. The nethod of Claim

72, wher ei n whenhtduhotirolgviel oftheDigticapeulalid adeviee oxygensitibadd hes have
perneated into the e_nca&s)ul a%i@on exceeds a 4%, thrg: hold | evel , the.
encapsul at ed devi@ieriprted e; ter paint dhakile’s Hagepensanie Jof yioymal systined
that it is undepgpgabl e for normal sustained service. 5 75. The

met hod of Claim 74, wherein said nethod is performed on a
non-functional electronic conponent to determ ne whether a breached

encapsul agi on i s,4 he fﬁ&?\ﬁethgﬁ Jr 8l 744" é}g'{n;?gldellngmd’dogi e ormed on a

conponent. 76. A systemfor determning’'the s us of an el'ectroni
conmponent in lOha@nferdansiukcédnitecomeoneal db sisteenneowheirsirng meached

i | | ti it dapted t th f,
oo osul ared deaPstiadants B pasatoP e e LiRIsty e Sompgngnt.

signal evaluation unit being capabl e of neasuring a property
associated with the electrical conductivity/resistance of the )
sensor. 15 77. THe syAweysies fay determiing the s@tus ehpni eedenic companent in

t hat coribel at esy Qﬁc%{; & é&)ﬁe@ﬁ%ogéﬂt@gt%%n;ﬁﬁﬁ ectrical

conductivity/resistan the sensor to a qua ive val ue
associ ated with the Ppesige ievalatiogasnit radaptdd te moapdal tatthe rsepisot ld an

creaeell 2ot (S Babih S Pt ot Byt Bl ol 1 sona
associ ated wi t h évaugtnn@eat beingddapzbie of meastieg angapedl aksodiateld witle the
encapsul at ed device., 25 79. The system of any of Clains 76 to 78,
further conpri si$igCtHCRFGnEUCHYiRY SESt@'Pl%ﬁoﬁ'gec?ﬁ%PEd to the el ectronic

conponentsi n the encapsul ated device.

77. The system of Claim 76, further comprising a computer that
correlates the property associated with the electrical
conductivity/resistance of the sensor to a quantitative value associated
with the permeation of gas into the encapsulation of the encapsulated

20 device.

78. The system of Claim 76 or 77, further comprising a display unit for
displaying the quantitative value associated with the permeation of gas

into the encapsulation of the encapsulated device.

25
79. The system of any of Claims 76 to 78, further comprising a drive
circuit that is coupled to the electronic component in the encapsulated
device.

30 80. The system of Claim 79, wherein the signal evaluation unit is

comprised in the drive circuit.

81. An enclosure package adapted to protect an oxygen and/or
moisture sensitive object, said package comprising:
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30 80. The systemof Claim79, wherein the signal evaluation unit is
conprised in the drive circuit. 81. An encl osure package adapted to
protect an oxygen and/or noisture sensitive object, said package

conprising: 42 a basea bubstsubbateavaviay low oygen aranst eoistbiespamesability,
perneability, and, at, |east oneat?as er meat i on sensor ar n ed on th

base substrate, ahpbleggtope 9asaisBIFaLionKNSeERHGNEED L5 ase substrate,
measuring the p%ra"@gfa's%bm{gaﬁ?r%én@bp%@fhg} B@pﬂﬂé%fﬁﬁ@%drﬂ%gethépermeatmn

wherei n each of sai | east one gas perneation sensor conprises an

el ectrically corigasitheoughibehgselssivstiatehat is made of a noisture
and/ or oxygen sensi t\hP(& terial, wherein chem cal reaction of said
material With rmoistule &nd/ or oxygen results in an increase in the

el ectrical resistancesachOobfaichat dessti orge egjasnpe:tmeﬁmreben%n cafnprises an

connect or capabl f. connecting the sen e n

cval uat fon ani v SiedricdReesiielie s BELRTBCT Wla avad<af a Theegire andlor
substrate is adaygdn skhskiQefraaterial, witRsin éhdiichl Rfacton @ shRiSkaterid) with
whi ch t he oxygen and/ or noisture sensitive object to be protected is

arranged. 83. THﬁoﬁﬁﬁﬁaﬂj’@/%Oﬂ%nnﬁe%“s\}\ﬂh@rne'ﬂﬁmﬁ*i@ igdbe slectdaal registance
sensor i §g arraggq%g@ngn 'e‘i’&n&?ij t he base substrate facing the

encl osure. 20 8 e pac age of "any of Clains 81 to 84, wherein said
base substrate is C(ﬂrpeiestrd:ai noanattor papalklk of wonseeling thek aglasing element

prefillable syr on, tube, parenteral vial, anpul,
prefillable i nh&P%SEgpﬂkeﬁvﬁt@' nltCOl’lt ai ner, bottle, caps/closures,
or a prescription container. 25 85. The package of any of Clains 81

to 84, wherein the g ermeatl sen S couJedto
bvaluat i on uni't 526 ThePaatRRr BITE B RSTETL SR Sassanb U da AdaRted
unit conpsises ag f&fen at ﬁd%\'sﬂﬁ pint (5f ﬁ@ﬁ@b@ur@fln@&rﬁ@ﬁﬂi{é@ﬂygﬁen and/or moisture

quantitative val ue associated Wt
sensitive object to be protected is arranged.

83. The package of Claim 82, wherein the gas permeation sensor is
arranged on a side of the base substrate facing the enclosure.

20
84. The package of any of Claims 81 to 84, wherein said base
substrate is comprised in a strip pack, blister package, prefillable syringe,
medication tube, parenteral vial, ampul, prefillable inhaler, intravenous
container, bottle, caps/closures, or a prescription container.

25
85. The package of any of Claims 81 to 84, wherein the gas

permeation sensor is coupled to a signal evaluation unit.

86. The package of Claim 85, said signal evaluation unit comprises a

30 display unit capable of displaying a quantitative value associated with the
amount of moisture and/or oxygen that has permeated through the base
substrate.
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anount of noisture and/ or oxygen that has perneated through the base
substrate. 43 87. The package of Claim 86, object to be protected is
sel ected from the group consisting of an el ectronic conponent, a

phar maceuti cal g, Fhe baokaga bt Ciiaesandbpctit@dprosiotected édnsericted from
88. An encl osure, packagi ng | am nate adapted to forman enclosure to

protect an oxygeRC&iew FOREFEILPRAR SIRGICIICUBPRRENL 8 ANAMPAERUIfalgrug. a
| am nate conpri sg, &suBst%?‘lég é?%&(ﬁh@sﬁ@&ﬁ&ﬁi&ﬂw oxygen and/ or
a

bB
nol sture per meabi | | ty, an east one gas perneatl on sensor

arranged on the base substrate, 10 said gas perneati on sensor being
capabl e of. nmeaswd ng I I : t S

substrat e,g V\hertLatlgéri e)%r}g%n@@s@ﬁeﬁhé@%q;@é&?ﬁ@gg@éggg%grt%gfgﬁﬁo%n ggﬁlggyre to
conpri ses an elmotedt cah | yxyemd wcidiore nsaEsisira gsaisitiventotjdct] sasd npakekaging
a noi sture and/qr 15 o%%en. sensitive material, wherein chem cal
reaction of sai dTRRAR MRS noi sture and/or oxygen results in an

increase in the el ectg baak sru‘b§ir§feaﬁ§\ﬁn% WwidiggeANEIdISr RloRTBRL pe@feability,
el ectrical connector capable of connecting the sensing elenent to a
si gnal eval uat i @ndiat leashbgnagas permeation sensor arranged on the base substrate,
10 said gas permeation sensor being capable of measuring the permeation
of gas through the base substrate,
wherein
each of said at least one gas permeation sensor comprises an
electrically conductive sensing element that is made of a moisture and/or
15 oxygen sensitive material, wherein chemical reaction of said material with
moisture and/or oxygen results in an increase in the electrical resistance
of the sensing element,
an electrical connector capable of connecting the sensing element
to a signal evaluation unit.

20
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