" SYSTEMS FOR CONVERSI ON OF WATER | NTO HYDROGEN AND SORPTI ON OF HYDROGEN I N
ELECTRONI C DEVI CES AND MANUFACTURI NG PROCESS THEREOF" 5 The present
invention relates to systens for the conversion of water into hydrogen and
for hydrogen sorption in electronic devices and to a process for
manuf acturing such systens. It is known that the functionality of sone
el ectronic devices can be altered by the contact with water, even if only
present in traces. It is for exanple the case of 10 sem conductor devi ces,
wherein water can oxidise the electric contacts or chemcally alter sone
parts thereof, or of |laser anplifiers used in optical fiber
conmmuni cat i ons, 'SV SRMB FORICONVFERION OF6WATER BNEQIH YRROGIAWIANRL i on of
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the structure of an OLED is fornmed of a first transparent, essentially
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15  known in the field as OLEDs (from "Organic Light Emitting Devices").

In short, the structure of an OLED is formed of a first transparent, essentially
planar support, generally made of glass or of a plastic polymer; a first series of
transparent. linear and mutually parallel electrodes (generally having anode
functionality), deposited on the first support; a double layer of different

20  electroluminescent organic materials, of which the first layer is a conductor of
electronic vacancies (also defined "holes") and the second of electrons, deposited
on the. first set of electrodes; a second series of linear and mutually parallel
electrodes (generally having cathode functionality) that are orthogonally oriented
with respect to those of the first series, in contact with the upper side of the double

25  layer of organic materials, so that the latter is comprised between both series of
electrodes; and a second not necessarily transparent support that may be made of
glass, metal or plastics and is substantially planar and parallel to the first support.
The two supports are secured to each other along their perimeter, generally by
glueing, so that the active part of the structure (electrodes and electroluminescent

30  organic materials) is in a closed space. The first transparent support is the part

where the image is visualized, whereas the second support generally has only the



-2- function of closing and backing the device, in order to confer

mechani cal resistance thereto. The anode is forned of a transparent
conductive material, generally a m xed oxide of indiumand tin
(1'n233-Sn®2) which has the features of a sem conductor, 5 known in the
field with the acronym I TO (from"Indium Tin Oxide"), whereas the cathode
is formed of alkali-earth netals, such as Ba, Ca, and My-Ag and Al -Li

al l oys. When a potential difference is agplied to the el ectrodes, the

el ectrons and the holes are conveyed to the organic material double |ayer
and conbine |leading to the formation of photons, whose wave | ength depends
on the nat ur e fofctivheof thsmggamd badehgrthal deyied.in Fodera talegofar pnecmngfal t he
operating principles of OLEDs and greater details on their structure one
can refer to CHEIHSEREFP |iterature of the field. A problem encountered
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by remaining in the solid state, such as for exanple_cal Cf um oxi.de . (Ca0O. A
A problem encountered with the functioning of OLEDs 1s their deterioration

following to exposure to moisture, which can react with the organic materials
15  (generally polyunsaturated and therefore rather reactive species), as well as with
the cathode, formed of particularly reactive metals. The portions concerned with
these reactions loose their light-emitting functionality, thus forming black spots
on the screen surface.
In order to overcome this problem, international publication WO 99/03122
20  describes the introduction into the internal space of an OLED of a gas reactive
towards water, selected for example among silanes, trimethylaluminum or
triethylaluminum. These gases react quickly with the water molecules subtracting
them from the internal space of the OLED and generating reaction products which
are not detrimental for the functioning of the device. The introduction of a gas in
25  an OLED during the production thereof is however difficult to realize.
Other patent publications disclose the use of moisture sorbing materials inside
the OLEDs.
Patent US 5,882,761 discloses the use of solid materials which chemically fix
water by remaining in the solid state, such as for example calcium oxide (CaO). A
30  possible problem of the use of this kind of sorbers consists in that these materials

are generally in powder form, and therefore must be retained by a sheet (for



30 possible problemof the use of this kind of sorbers consists in that
these materials are generally in powder form and therefore nust be

retai ned by a sheet (for -3- exanple a nonwoven fabric) perneable to water
but able to retain the powder particles. Due to the use of the powder
material and of the perneable sheet, the m ninumthickness of the
conponent intended for water sorption capnot be lower than Iimt val ues of
about 0.3-0.4 nm whereas OLEDs manufactdrers, in order to 5 fully exploit
the potentialities of these flat and thin screens, require noisture
sorbing systens which have | ower thickness val ues than the above nentioned
ones. Anot her epmghb amdrvalvetl Gatsrid) glerabatlovtd etatenr edketd tetait ithk pewdenf t he

sorbing systens based on _the use of CaO or similar. s the ductign of the
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2M OH) + H2 (‘wher Ainothit plobiemi tha) ddds roR#R0v the det@eyexhe tipknesnpbiheisarbveg bar i um
and calciunm) 20 As jt can pe not romt.he.reaction. staoighi try. one or
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every two reag%ﬁgity_water mol ecul es. Said netals are very reactive, but a

drawback thereof consists in that hydrogen can collect in the CLED thus
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of hydrogen jhdicates some alternatives to calcium oxide for water sorption; in particular it

In

indicates the possibility to use materials such as barium, lithium, calcium, barium
oxide or similar.

15 In particular, the metals lithium, barium, and calcium, being particularly
reactive towards water, can be used in the devices in limited quantities.

Said metals react with water according to the reaction:

2M +2H,0 — 2M(OH) +H; (wherein M: lithium)
M + 2H,0 — M(OH), + H, (wherein M: barium and calcium)
20 As it can be noted from thé reaction stoichiometry, one or two molecules of

metal hydroxides and one molecule of hydrogen are formed every two reacted
water molecules.

Said metals are very reactive, but a drawback thereof consists in that
hydrogen can collect in the OLED thus building up a partial pressure inside the

25  device which can pose safety problems.

Although hydrogen diffuses through the glue used for fixing the two supports
of the device and therefore can move outwards, the velocity of hydrogen
formation can be higher than the hydrogen permeation velocity through the OLED
sealing, thus causing a continuous increase of the gas quantity in the internal

30  space of the device.

Object of the present invention is therefore to provide a system for the



formati on can be higher than the hydrogen perneation velocity through the
OLED sealing, thus causing a continuous increase of the gas quantity in
the internal 30 space of the device. (bject of the present invention is
therefore to provide a systemfor the -4- conbined renoval of water and
hydrogen, to be used in water sensible devices, in particular screens
containing electrolum nescent organic materials, as well as to provide
nmet hods for obtaining said system This'éﬁject is obtained by a system
conprising two superinposed layers 5 directly in contact with each: ot her,
one of which is formed of a material capable of sorbing hydrogen, the

ot her forned eémainsdtrendwl of apbhed bjdrogay ér bé wpdwatwater seusitde Agvdeesgen. The

advant ages and the features of the_invention will appear.to tho skilled
in the art frGAtcHE! \S‘HPFWW&“HEEﬁchaﬁ&@QWF‘ﬁqrgwm%‘q P &P %eigaﬁ go t he
10 acconpanyi Re, G aWkMGEs foMIBREIR sd §f@n 1 SChematical Iy shows in

ED [ ith

cross-section an OL device wthout & gas sorbing system figure 2 shows
a support of an ObEDobfesti segbtaihed dyra shrters yeongrisange braliswerinpeseddaystivent i on

has been formed, in. a first.enbodi gent thereof: . figure 3 upport
of an G_Eéodggiré%ﬂy \Eh“é’%ﬁwftﬁeeaglglg{f‘ghoéi‘&ogr“a]l%lslfggn?(%gf?ﬁr\l/a(ta‘%{]‘l ?\o,(\%p%ée: been
formed, in a gecoBtheeRRRsidtnle JtherBahed bf §uiferthl ThsuSe of sitRBAIg WhteAn OLED
devi ce, whereon the systemaccording to the invention has been forned, in

a third enmbodimehydroger.eof ; figure 5 schematically shows a possible
TR act 1 10, T S led i SRR Wy BERC R Y
schemati cal | y jsh@wsa@ fbfStthd HOWING dBRANE® Cdddtriptpnp mathe 3sfetdnct hw thdii rd
enbodi ment; 25 figure 8 schematically shows a second possi bl e manufacturing
process ol0t h@ccompanying drawings, wherein:
figure 1 schematically shows in cross-section an OLED device without a gas
sorbing system;
figure 2 shows a support of an OLED device, whereon the system according
to the invention has been formed, in a first embodiment thereof;
15 figure 3 shows a support of an OLED device, whereon the system according
to the invention has been formed, in a second embodiment thereof;
figure 4 shows a support of an OLED device, whereon the system according
to the invention has been formed, in a third embodiment thereof;
figure 5 schematically shows a péssible manufacturing process of the first
20  embodiment;
figure 6 schematically shows a possible manufacturing process of the second
embodiment;
figure 7 schematically shows a first possible manufacturing process of the
third embodiment;
25 figure 8 schematically shows a second possible manufacturing process of the
third embodiment.
As previously said the system of the invention has the function of removing
traces of water and hydrogen from the internal space of electronic devices. To this
end, it comprises a layer of material capable of converting water into hydrogen
30  and alayer of hydrogen sorbing material deposited on a substrate.

As a hydrogen sorbing material can be used titanium, zirconium, titanium-



third enbodi ment. As previously said the systemof the invention has the

function of renpbving traces of water and hydrogen fromthe internal space

of electronic devices. To this end, it conprises a |layer of materi al
capabl e of converting water into hydrogen 30 and a |ayer of hydrogen
sorbing material deposited on a substrate. As a hydrogen sorbing materi al
can be used titanium zirconium titaniu§1-5- zirconium al l oys, alloys of
titani um contai ning a wei ght percentage of titanium not |ower than 50%
zirconium al |l oys containing a wei ght percentage of zirconium not |ower

than 50% Al so sone unsaturated organic conpounds coupled with traditional
hydr ogenat i on ziredrtysdl®ys aalloye ofi skahiurascontaining evwedghicpsicdmags dfnitenivat i onal

publication WO 99/48125. Preferred.is the use of. unsaturated_ organi
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since they can be easily deposited in thin |ayers on substrates through
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the group of .10 the alkal.i or alj - t tal.s. preferabl [ IS
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formed both - @foRid%EbREAEs SET RoWI niPAEARlar akveihd Qficta axatfer | ampdpahlie of
converting water into hydrogen; preferably, 1t is forned of the latter,

that in the fois(@wnnlgthyaibeazese), aapled for prageple ovidy astallic paiadyimnasingh.
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external |ayer cqwehfatenili foekynvehtng Whier iab hgamged hesedetst matheszromp whi ch
the system according to the invention can be deposited are various: the
| ayers cahO be threglbali orealkeli-path motalsnprefrsatty boiwnppeied. facing the active
el enent t hereof,
bi adhesi ve sheet ho- ~and esrve s are nown and w dely
used in a nunbgn I8tirodes cbMMOYhehl adnifiacattensiscapdiie o€ cahvering watet appes ar
generally formed of a support, . (a thin %heiet of 1%' ast'hc rﬁtt erial) on one
both faces of hyAfogeni piefeeably 1b1fs0f9}"ra%cho%t e latter, so that in the following reference

will be made to such a configuration. Furthermore, the two layers are
15  superimposed and in contact with each other and can have the same or different
shape and size; preferably the external layer covers entirely the internal one.

The substrates on which the system according to the invention can be
deposited are various: the layers can be deposited directly on the OLED support
facing the active element thereof, but also on other substrates, such as

20  monoadhesive or biadhesive sheets.

Mono- and biadhesive sheets are well known and widely used in a number of
technological applications. These sheets or tapes are generally formed of a support
(a thin sheet of plastic material) on one or both faces of which there is provided a
layer of adhesive material. For example, the support can be made in

25  polyethyleneterephtalate (PET), with thickness values within 4 and 20 micron
(um), whereas the adhesive layeré are made with acrylic materials having
thickness values of the order of the tens of micron. Said adhesive sheets are sold
by manufacturers with sheets of paper having the function of protecting the
adhesive from contamination by external agents. Adhesive sheets or tapes of this

30  kind are commercially available for example by Japanese company Nitto-Denko,

with catalogue number HI-3160W, or from Japanese company Teraoka with
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| ayer of adhesive material. For exanple, the support can be nmade in 25

pol yet hyl enet erephtal ate (PET), with thickness values within 4 and 20
mcron (n), whereas the adhesive layers are made with acrylic materials
havi ng thickness values of the order of the tens of micron. Said adhesive -
sheets are sold by manufacturers with sheets of paper having the function
of protecting the adhesive fromcontam nation by external agents. Adhesive
sheets or tapes of this 30 kind are commBrcially available for exanple by
Japanese conpany Nitto-Denko, wth catal ogue nunber HJ-3160W or from
Japanese conpany Teraoka with -6- catal ogue nunber 707. Figure 1 shows the
cross-sectioncgaog%ﬁgéﬁhd©yjce 10: on a first transparent planar support
101 is present the active elenment of the device fornmed of a first series

102 of transpar ehigurd | slars thngrosersestion pf pa P ERfevireetd rpdeyst BangBESe | ayer
of 5 electrol “ﬂggr)eésuiﬁgﬁol;ﬁﬁ g?g)%c%seﬁ%grag% elje%%n%’f‘%‘éc&a@écg @gﬂgdoﬁ?ltairi%f ¢

vacanci es (hB rons, a second seri near

el ectrodes, nriealibY of pafisphicat, liavg Mdthaganaparile] tleoseds] a il layst ofer i es.
A second support 105 planar and parallel to the first suppaqrt is fixed

thereto by nekerefaminegeaus, orgpiie HaeNAsnt)3 cArdcrerHfaploghipie HBICIeY
Figure 2 Showflﬁ)é&? AU RRUdctbD a%Pi a%@n&ge%&nlmbpﬁnéﬁ CEI‘_?_ gedithansyst em

according to nvention i n’a rst enbodi ment thereof. e systemis
formed of a bayiél 2@dlortHogondlen ithdse adphb fiest abrisso b sevgné pupmge 1S glanect | y
deposited on the surface gf t he secgnd supgort of thg %%ED anga%f.a second
layer 202 of andrawelsldp theHishprRpogs dEa( &asin Y RTES of AguhyRHSo{RIng
deposited ont g t: i lkaxer. 15 Then, other enbodi nents are possible,
whi ch aIIOM/tgmﬁ‘%g#%&%ﬁglg§stenlof the invention independently of the
final devi(ce, th&Aigurs? shdvsihetuppoviol 05 af@IER ienerswhish i trearigad ther sydien ng t he

ivent on' | s ¢6oBHN B SIEaREHO T3k da HHOTRH SeaEot e 1Yoges agng of |
oLl 2 AR el g Bt e e
i nt o hydr ogen sindiace of dersedepbsipped obthe OIdgn eadihes second et 202 of a material
capable of converting water into hydrogen, deposited onto the first layer.
15 Then, other embodiments are possible, which allow to obtain the system of
the invention independently of the final device, that is, without involving elements
of the latter during the preparation of said system.
With this regard, the second embodiment of the invention is to be considered,
shown in figure 3, which uses as a substrate a monoadhesive sheet: therein, the
20  layer 304 of hydrogen sorbing material and the layer 305 of material capable of
converting water into hydrogen have been deposited on a monoadhesive sheet
301, formed of a support 302, an adhesive layer 303. Soon after production, the
system represented in fig. 3 also comprises a protective sheet of paper covering
the -adhesive layer, but this protective sheet is removed before placing the system
25  in contact with support 105, and is thus not shown in the drawing.
The third embodiment of the invention is shown in figure 4; therein, the layer
405 of hydrogen sorbing material and the layer 406 of material capable of
converting water into hydrogen are deposited on a biadhesive layer 401, formed
of a support 402 covered on both sides with adhesive layers 403, 404 and with
30  paper sheets of which only some parts are shown in the figure.

In a second aspect the invention relates to manufacturing processes of the



301, forned of a support 302, an adhesive |layer 303. Soon after production,
the systemrepresented in fig. 3 also conprises a protective sheet of
paper covering the adhesive |ayer, but this protective sheet is renoved
before placing the system 25 in contact with support 105, and is thus not
shown in the drawing. The third enbodi nrent of the invention is shown in
figure 4; therein, the |ayer 405 of hydrogen sorbing material and the

| ayer 406 of nmaterial capable of conveF%an wat er into hydrogen are
deposited on a biadhesive |layer 401, fornmed of a support 402 covered on
both sides with adhesive | ayers 403, 404 and with 30 paper sheets of which
only sone par kysteni & htvwossibletdbevé dguribed ¢mbalimentond aspect the invention

rel ates to manufacturing processes of the -7- systemin me _possi hl e above
descri bed enbodi hehiayer THehydagasn WrbRg JReigEd %%‘rg? P%@é?@ya Ehh Bt
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films: in the case o ani um and e unsaturated organi c conpounds of
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hydrogen is deposited on this first [ayer: 'to this purpose various

evapor ati on techpiudgre®"can be used, 10 anong which, in the specific case

of the barium t chni que.hased ,on.the use of di nsers_ formed. o

t hr eads havi ng a&gﬁ %ﬁ’&pﬁgdgé%gs"-ag ? 05 HONNFRTRE WA nﬁ(giléérd) ge%llso%%ootsﬁ%é whol e
I engt h t her eofy Whik Firdniagbd: QY 18k JuRSosBBladbus SeipdrdtivheRdmi@les @aprbwetadedd to an
electric current generafor and when this is activated, the threads are

heat ed bylQoukmorg fvbish, irhtlhs spasifihéasg ofthedapomathgriechatque basegrancthejuge ps

observed the formation of.vapors, gf bari i | Sit
onto the IayeglsB?nSﬁVﬁga%41 Ogﬁ?%ﬁdﬁgla‘ﬁlanlgearﬁérgl 1?%&@?%%? g&%ox}[()ﬁgt}tgf)el lsoqgﬁcgwn t he
process for ohloakfidghdlbeerott Hbrepfiatiafalby ofthewtietiin figure 2. Onto the

OLED support 105 is positioned a first masking elenent 501 h?ving an
openi ng 502 (fi gSaigdireads arsecornpeed fromn BlF§ITisr QIicH! perpratpr pippwhen this 1s

activated, the threads are heated by Joule effect thus reaching a temperature at
15  which it is observed the formation of vapors of barium, which is allowed to
deposit onto the layer of hydrogen sorbing material.

In figure 5 there is shown the process for obtaining the first embodiment
shown in figure 2. Onto the OLED support 105 is positioned a first masking
element 501 having an opening 502 (fig. 5a). Since said openings are called in the

20  field "ports", said term will be used in the following. On element 501 is deposited,
by means of one of the above mentioned techniques, layer 201 of hydrogen
sorbing material (fig. 5b). Subsequently, said masking element is removed and
substituted with a second masking element 503 having a port 504 suitable for
encompassing layer 201 (fig. 5¢). The material capable of converting water into

25  hydrogen is then deposited on said second masking element, thus forming layer
202 (fig. 5d). Finally, the second masking element is removed, leaving system 50
(fig. 5¢). In case it is desired to obtain superimposed layers having the same shape
and size, it is not necessary to use a second masking step, but it is possible to use a
single masking element, having the desired shape and size.

30 Because of the very high reactivity of the water converting material it is

essential that the system does not contact moisture of the air; for this reason it



20 field "ports", said termw ||l be used in the following. On elenent 501
is deposited, by neans of one of the above nentioned techni ques, |ayer 201
of hydrogen sorbing material (fig. 5b). Subsequently, said nasking el enent
is renoved and substituted with a second nmaski ng el ement 503 having a port
504 suitable for enconpassing layer 201 (fig. 5c¢c). The material capable of
converting water into 25 hydrogen is theg deposited on said second maski ng
el enent, thus formng layer 202 (fig. 5d). Finally, the second maski ng

el enent is renoved, leaving system50 (fig. 5e). In case it is desired to
obtai n superinposed | ayers having the sanme shape and size, it is not
necessary to ma& & mewoted bots iy the epydubtion ktd subsppesily mainginigg itan si ngl e
maski ng el enent, having the desired shape and size. 30 Because of the very
hi gh reacti vi /0§ CPREORI®r converting material it is essential that the

system does not dfal Ifea(\é é&HérﬁﬁﬁUaﬁYOEhMbe B4 NprobQE ¥t Dbt@ERONthet sebndmust be

protected both ng the production and subse ue.ntlg, maintaining it in
an inert enviembodiment iHigated 6 figne frean thaniopog etsheet gPbésresitigned a

bt ai ni th d ' t..illustrat in fj :
onanaheoiy e sagees Ssnre b ook iR Y 7 ek a2t BBt % e
with a port 6%39%%@%1?&!‘3@@%}1@@@% sofbil: mBftYial Bubspesiwantigy 6bpyRe 304 of

hydr ogen sor bi ng i's deposited (fig. Gb%. The used nmsking el enent
is then renpvestdamdskiegplekrest ik tthena raseesisd dandatapiasgd veitl gespcomb askiieng a

port 604 suitable f nconpassi [ofe) etely | . 30 0.
Subsequent |y éfmie’ét &Sﬁr ﬁ?véﬂgnglﬁortt ﬁ% %‘E@Bl?d&’ge%?)%ﬁ%%%ﬁg C%§/n pg%%lg&?g‘%i)"’é) i , of 10
the materi al @Rl Gubtequentelilis bare@beat thenteordydbpogtion, iyheapbratiohng | ayer

305 (fig. 6d).” The next operation consists in renoving said second nasking
el ement dhd thetmiteyal ¢epabie ridxeneerting ok dntogryskipgen: HuSfermingtlayerot0t he

and 6 thore alle Sihohi: heioby ke BTN Rl ifl s beccl st pRnbAOur € 7

processes of phe ctiftinkdiheetiadkesiveothdeh ardund etht i peainteyerusi thy systepi dlosesi ve
sheet as a substrate;, in this case, it is possible to deposit the |ayer of
moi st ure sor bphiginieg Geifmpl pieBueh(fig §8)ep of filling to the top level, by

using one of Finally, in figure 7 and 8 there are schematically shown two possible
15  manufacturing processes of the third embodiment of the invention by using a
biadhesive sheet as a substrate; in this case, it is possible to deposit the layer of
moisture sorbing material through a step of filling to the top level, by using one of

the two layers of adhesive.
The process schematized in figure 7 consists in providing a biadhesive sheet
20 401 and in incising one of the layers of paper 701 which cover it, so as to
selectively remove a portion 702 thereof and to leave uncovered the underlying
adhesive 404: in this way a "cavity" 703 with vertical walls having a height equal
to the thickness of the sheet of paper is obtained, and with the bottom covered
with adhesive (fig. 7a). The same paper thus works as a masking element for the
25  next operation: said cavity is in fact filled to the top with the hydrogen sorbing
material 405 (fig. 7b). Then, a masking element 704 having a port 705 such as to
encompass the cavity filled to the top is superimposed to the biadhesive (fig. 7¢)
and the deposition of the material capable of converting water into hydrogen is
carried out, which takes place on the masking element and on the cavity filled to
30 the top with the hydrogen sorbing material, thus forming a layer 406 (fig. 7d). By

removing said masking element it is obtained, in correspondence of the original



the two | ayers of adhesive. The process schematized in figure 7 consists in
provi di ng a bi adhesi ve sheet 20 401 and in incising one of the | ayers of
paper 701 which cover it, so as to selectively renove a portion 702
thereof and to | eave uncovered the underlying adhesive 404: in this way a
"cavity" 703 with vertical walls having a height equal to the thickness of
the sheet of paper is obtained, and with the bottomcovered wth adhesive
(fig. 7a). The same paper thus works as'g'nasking el enent for the 25 next
operation: said cavity is in fact filled to the top with the hydrogen
sorbing material 405 (fig. 7b). Then, a masking el enent 704 having a port
705 such as t eavisDeRERAIS atdvediagyo thy ifivdntien, wiich ken bepolatedypertiingtived to

t he bi adhesive (fig. 7c) and the de ositi%p of the terial capable of
converting wabefhespeshAs aFEeing Rer Frofsgdayste cﬂstakes pl ace on the
masking el ement gpd P&e%J'Sf GBVRIMyAIvEd BR fofowthel BiEpd: GRsiMohB dfhBe gE0geN
sorbing material, tﬁus orming a layer 406 (fig. 7%). By renoving said
maski ng el enendyerst70il of dixt ndtedive isheet 401 esiposebihve adwingdhoramgivahpt org:

cavity, system 70 ording.to the invent.jo i an be isol.at b
cutting tRe BP%H?@&}?@g §%@Pnﬁ?%?1‘{fﬂ? ﬁ%“t?’e%bzhé?geggosug%leﬂ&e tfys héen?e S )g;
7e). The procﬁ%p%r@%ye i mcgs_eﬁrh‘ggihYQ&léﬁﬁ peinhé@M 3102 S&@PErcohipassing ematyof the
paper layers /01 of the biadhesive sheet 401 is incised thus allow ng the
removal of on8&02 Eig b}, itlous Bhningracdportive $Wrafgrapern Theén, stid cewify isyilledo the g.

ot i moter of e bHR Bn b oL et ey Bon Crras Bag 0% AUE bt iy
portion 803 of, RapsHion BOSHs rebifveld,dadiihy ar Spdnidd SO siehtaieo ehcdmpass hythe

hydr pgen8§§rp[§8§] ﬁngtaggl al t{;ius f%ﬁ%ggﬁl&%éejg 40§i@g ilg. ngé%)éhat' t hi sr1i poi nt
portion i e gerl soainggn i OPSSHEP E3C EURP ATV ayer
10 405 of hydrogen sorbing.material; {({fi - ] I RN, havi

a port coi ncfﬁlgf‘r‘lr‘}e%‘?"ﬁh E%F(?p%%ré%%nlaﬁ dsng? g?ega%%l 81@?3@;8% gglhgm veat%?l ?1g. a\éle?g
and the mat er c@lablcapabhRrafy Garyentbi mgroghel dvapaateyidhagen tivs formgr at ed

thereon thus formn | ayer 406 (fig, 8f). The masking.is then renoved and
t he bi adhesi véay@aAOgéﬁg. D. Hreomﬁ&mgw@ then reraved B t{flﬁg’l%@gﬁﬁY%C% 8% eavi ng

system 80 (1l %%otuilglg}l%e %‘egierr-lr &o‘%&l?e%o%%%%a?éﬁ&a[vﬁ&e&s{eﬁl §hgiLagpe that nono- or

bi adhesi ve sh
15 The processes described in the case that mono- or biadhesive sheet are used

have been illustrated with reference to the production of a single system, but, for
reasons of productivity and economicity, they can be realized continuously in a
quick and reproducible way. As a matter of fact, in the first case continuously fed
monoadhesive tapes can be used, whereon a double masking is conducted in order
20 to deposit selectively, by means of evaporation, the moisture sorbing material and
the barium layer so as to form at the same time a number of systems.
SuBsequently the single systems can be obtained by shearing or mechanical cut, or
alternatively, it is possible to carry out a punching step, by cutting with suitable
tools the monoadhesive sheet along the edges of the different systems, but leaving
25  the protective paper integral. Continuous tapes can be obtained in this way, on
which a number of systems according to the invention are provided, which can

then be separated from time to time like adhesive labels.
The same result is obtained by carrying out the punching step on the
monoadhesive sheet before the deposition of the system according to the
30  invention. Two different processes can be carried out in the case of the biadhesive

sheet, as already observed. In the first case the steps to be carried out are the



have been illustrated with reference to the production of a single system
but, for reasons of productivity and economcity, they can be realized
continuously in a quick and reproducible way. As a matter of fact, in the
first case continuously fed nonoadhesive tapes can be used, whereon a
doubl e masking is conducted in order 20 to deposit selectively, by neans of
evaporation, the noisture sorbing naterkg} and the bariumlayer so as to
format the same tine a nunber of systens.” Subsequently the single systens
can be obtained by shearing or mechanical cut, or alternatively, it is
possible to carry out a punching step, by cutting with suitable tools the
nonoadhesi ve fileatingl sy itdisoe dfese aff thé@apktf lagerens cayied e, ddfting &evi ng 25

the protective paper integral. Continuous, tapes can b btai ned in.this
way, on whi cPOTHORYHEER esi}’é‘fewcﬁ%rgg’rgd‘ioﬁgg%vef‘ﬁ ?’Vmgﬁtf?%}?%araﬁg Hvi ded,
whi ch can th ﬁtsbcﬁf%ﬁ%@ 8fd ?&%h& hitBehBydd, PRislobletning besiivewitakelzal The

|

sane result is obt ed by carrying out the punching step on the
nonoadhesi ve whiehatiefor beichteeqimpdsithd tnclafess bé tla panem sheeto ped weith sha he 30

invention. Twp differen rogesses,.can carried out i.n the > t he
bi adhesi vé sh ifom 8V &y B‘_é’%-r@i%l; fling ﬁ% Rafi) 8 54l el 3 W, Do
carried out apgnbh sdBing flalePitl O calriell Sbut. BOBictheNyOfa Ston@imidkngaper
| ayers is carried out, defining the portions whereon the systens according
to the invent fealizad Withempsking dlemgnidhavieg Py surhars tapepmpIss ihe §86HSor t i ons

are renoved, us optaining cavities wth verti [ . hei ght
equal to the hﬂ?‘i F&Q@ O%Fn‘? REDSLHOP @ %fn,ayeglr% C@aai” e c}’f}ég lngellgigg t“ga(r%’?r(a:lgt\})er ed by
adhesi ve. Thepydrbbdd iskerried duheviieapaidl evapdidtieaisl dohdetid, e inhskindyldmegen
sorbing material 1s carried out. Subsequently, a second nasking is

real i zed M t hisaremmykd agd dhrestem of Kuing T poneking it At et ariehednphdee sk
iti filled to the. t ' i - f
conver ting waber i ePiERS BB louCUBRA Rrkals BlrnbBlo R Ao IR Mal

conpl et ed, thgvepski Ae péen®RhickOcanshéreb® vadraatirbmetine aptiok andtapplied or
punching is at last carried out. In the |ast case, one obtains continuous
t apes wher eontatha grprertsof the finabfdevigSeor ding to the invention are present,

whi ch can then b %nsﬁx@aéo%ﬁ& fif QR {BBcaQ bkt Bie ARELRPPIJEH th QtdpieroSHPPOr LS

of the final devicCes. .
15  carried out are: first incision on one of the paper layers in order to define the

portions on which the systems according to the invention will be formed, removal
of the paper parts on said portions with formation of cavities, second incision
along the perimeter of zones suitable for encompassing said cavities. The
subsequent steps consist in filling to the top level the cavities with the material

20  capable of sorbing hydrogen thus forming the correspondent layers, in removing
the paper covering said zones encompassing the original cavities, in masking and
depositing the second layer of material capable of converting water into hydrogen.
After the removal of said masking the single systems can be then obtained also in
this case by shearing or mechanical cut or punching.

25 As already observed in the case of the monoadhesive sheet, the step of
punching the biadhesive sheet can also be carried out before the deposition of the

system according to the invention.



On the contrary, in order to carry out the second process the steps to be
15 carried out are: first incision on one of the paper layers in order to
define the portions on which the systenms according to the invention wll
be formed, renoval of the paper parts on said portions with formation of
cavities, second incision. along the perineter of zones suitable for
enconpassi ng said cavities. The subseg%ent steps consist in filling to the
top level the cavities with the material 20 capabl e of sorbi ng hydrogen
thus form ng the correspondent |ayers, in renoving the paper covering said
zones enconpassing the original cavities, in masking and depositing the
second | ayer of material capable of CuABIIiIing water into hydrogen. After
the renoval of said masking the single systens can be_then obt i@gd also in

this case by shearrrg(8k 6PedRadPl & thgicogomzdhiamayg! obavaler ad BioeHhser ved
in the case of . d i 3 } Laghesi ve
sheet can al socobg)%ég%%d E{lm@ggégﬁg %rﬁtgng(é%%g?% I g?}“@? H’f E%dﬁg%ﬁ;%?%b%

according to twisch @EHRtI0N405) 1 forBledNE d matermy sarebis &sorlBidg hydrogsn,) theor t he

conbi ned renov 0 dr n, onpri si WO erinposed | ayer
directly in cdf %b&0£?%§§%2@§ g%ﬁ@$%ﬁdh§“%?gyﬁ%$%ﬂg d%?%%ﬁﬂgh%géfﬂﬁg yers
formed of a ”Q{y%fdg'éh. capabl e of sorbing hydrogen, the other (202; 305;

406) formed of "a material capable of converting water into hydrogen. 2. A
syst em acchr dihgystemcicadnding teiedaimi h whisesimttteemitatialcegpalle of shnssinvg mateang

water into hyd n is.selected anong.al kali. or.al kali-earth netals. 3. A
system accordilﬂgﬁ‘gﬁr‘@e&ilﬁeée i a@lga[lwrr@faéﬁagthpéglsari um 4. A system
according 30 cA g@jdRnl avhRdiekfo EBBn DYEHRGR Baid Ry isWiar.al is selected
anong: systens conprising unsaturated conpounds and hydrogenation

catal ysts,4 tiAapstenmacesrdingrip winimt | wheieimihgihydmgen sodingompsteriel is salediedal | oys
havi 1 @ Lo YL cRSESARl AR St R SRR
el ectroni ¢ devitggugQAréddiOtiRniysEiedonian allbes, e atoyehdnad a titanium

weight percent not lower than 50%, zirconium alloys having a zirconium weight

percent not lower than 50%.

5. A water-sensible electronic device containing a system for the combined removal
of water and hydrogen, said system comprising two superimposed layers directly
in contact with each other, one of which is formed of a material capable of sorbing
hydrogen, the other formed of a material capable of converting water into
hydrogen.

6. A device according to claim 5, consisting in a screen (10) of the type with light-
emitting organic diodes, formed of a first transparent support (101) and of a
second support (105) joined along the whole perimeter thereof with a sealing
material so as to define an internal space (106); a structure in contact with the first
support formed of two series (102, 104) of electrodes orthogonal to each other
with interposed a double layer of electroluminescent organic materials (103).

7. A screen according to claim 6 wherein the layer formed of a material capable of
converting water into hydrogen faces the internal space.

8. A process for manufacturing a system comprising two superimposed layers
directly contacting each other, one of which is formed of material capable of
sorbing hydrogen, the other formed of a material capable of converting water into

hydrogen, comprising the steps of:



of water and hydrogen, said system conprising two superinposed | ayers
directly 1in contact with each other, one of which is fornmed of a materi al
capabl e of sorbing hydrogen, the other forned of a material capable of
converting water into hydrogen. 6. A device according to claimb5,
consisting in a screen (10) of the type with light- emtting organic

di odes, forned of a first transparent 3Epport (101) and of a second
support (105) joined along the whole perineter thereof with a sealing
material so as to define an internal space (106); a structure in contact
with the first support formed of two series (102, 104) of el ectrodes

ort hogonal to -gaefarimphenubstywtd (05N3@, goB)ed a doubl e | ayer of

el ectrol um nescent .qgrgani ¢ terjal 03)..7. A.scree ccording to claim
6 wher e h't he TEPEHOROPRSHA SOl Gt BOLgBHESoe eC A P TIeAGSUEAER | nt o
hydrogen faces iy Wt&lalahd $RATHI cBhabl B QEESSink WatdBiRt Bddden) Gadingy St em
conprising two superinposed layers directly confacting each other, one of

whi ch is for medscodrrangedon sdid septiblea éskingmltmery (FYId66LeM1)t he ot her for ned
of a material capable of converting.water .int hydr ogen,, conpri sing the
steps of: -12- Sgpﬁfﬁlﬁﬁr? ﬁ&coéil\és]%%rt 8%96“?@6%1; S%ﬂ?&/gfﬁ‘%@ -hygﬁ‘)% i ©rHEEon
sai d substrat engefihll §id hdwph] eipadld Bt 86hvattielvakt SttoDIBfMeRA hidaTeesht
sorbing material and material capable of converting water into hydrogen,

havi ng al so dromthporaterialefithe Ssblyeat e a maski ng el ement (501; 601; 701);

- d iti d | f . i.al . sel d h bi
el SPOSH LS 2056500 48, Qe B SFUEY L R g Ao 1 0

di fferent frm}&@nwg@meﬁm,the first layer. 9. A process according to
claim8 wherein the material of the first layer is the hydrogen sorbing
material . 1D, Anpseessesecosdinsielchiintdo wdpwihile s Bpvking eleBwabUIpasT e

deposi t i ng. t netcoRtiim SFBFhSL RheEl LoF i Methes Y SndkBol S Ppl 1B TR 21
8 wherein a seggpdalmaski ng el enrent (503; 603;

11. A process according to claim 8 wherein a second masking element (503; 603;
704; 805), having different ports from those of the masking element used in the
deposition of the first layer, is used in the step of depositing the second layer of
material.

12. A process according to claim 11 wherein said second masking element has ports
(504; 604; 705; 804) of larger size than the masking element used for the
deposition of the first layer, such that the second layer covers completely the first
one.

13. A process according to claim 8 wherein the substrate is one of the two supports of
a screen of the type with light-emitting organic diodes.

14. A process according to claim 8 wherein the substrate is a monoadhesive sheet
(30D).

15. A process according to claim 14 further comprising a step of punching the
monoadhesive sheet after that the system according to claim 1 has been deposited
on said monoadhesive sheet.

16. A process according to claim 14 further comprising a step of punching the
monoadhesive sheet before the system according to claim 1 is deposited on said
monoadhesive sheet.

17. A process according to claim 8 wherein the substrate is a biadhesive sheet (401).



704; 805), having different ports fromthose of the masking el enent used in
the deposition of the first layer, is used in the step of depositing the
second | ayer of material. 12. A process according to claim 11l wherein said
second maski ng el ement has ports (504; 604; 705; 804) of larger size than
t he maski ng el enent used for the deposition of the first layer, such that
the second | ayer covers conpletely the first one. 13. A process according
to claim8 wherein the substrate is on& of the two supports of a screen of
the type with light-emtting organic diodes. 14. A process according to
claim8 wherein the substrate is a nonoadhesi ve sheet (301). 15. A process
accordi ng 1180 & piobestdcéardinhes clabnpf cemprisiag dteegtepefofipunchi ng t he
nonoadhesi ve sheet after that the system accordin aim1l has been

. t .
deposited on -PEVALASACKIREEYS tesheBPrsTg VR SHPER g@%rgg?%{%‘? B to claim 14
further conpr i-%&l&n@ o E%Heé%fcifgﬂ&‘é@tii\%ggiggleg7m@%‘énﬁ§ e BesSoeRImd Bbioas t he

system according to-claim deposi n Said  nonoadhesive sheet. 17.
process accor iR thaveat ai m 8 wherein the substrate is a bi adhesi ve sheet

(401). -13- 18. A process accordi t.o cl ai.m conprising the steps of -
provi di ng a bi-&dReENE &t ﬁ@@FmﬁHﬁﬁS&@Fﬂéc?ﬂhwékégts of protective paper; -

i nci sing one shepl, AfmPIdlesd sie BARS! wid @ brstahRRer s hargrges of some
portions (702) thereof; - renoving said portions thus form ng cavities

(703); - filli-ngrangitghe mogking wlimenhi(@Daon tthediadhesive shpets saifatrepkisg a
Tasking ol emeRRAUREE For QeameamREs e L A1 PRI B cd o 1 he t o
level ; - deposigthigrifs 56comdladyayéra MiteAaliat erial; - renoving said masking
el ement. 19. A process according to claim 18, also conprising a step of
punchi ng the -removing said masking element.

19. A process according to claim 18, also comprising a step of punching the
biadhesive sheet while leaving integral the layer of protective paper opposed to
that on which the system has been deposited, made before the deposit of the first
layer of material or after removal of the masking element.

20. A process according to claim 17 comprising the steps of?

- providing a biadhesive sheet comprising two sheets of protective paper;

- incising one sheet of protective paper (701) along the edges of some portions
(801) thereof;

- removing said portions thus forming cavities (802);

- incising the sheet of protective paper along the perimeter of portions (803)
encompassing said cavities;

- filling to the top level said cavities with a first layer of a first material;

- removing the paper covering said zones, so as to form openings (804)
encompassing said first layer of material,

- arranging a second masking element (805) on the biadhesive sheet, said masking
element having ports coinciding with said openings;

- depositing a second layer of a second material;

- removing said masking element.

21. A process according to claim 20, further comprising a step of punching the
biadhesive sheet while leaving integral the layer of protective paper opposed to

that where the system is deposited, said step being carried out before the



bi adhesi ve sheet while |leaving integral the |ayer of protective paper
opposed to that on which the system has been deposited, nmade before the
deposit of the first Ilayer of material or after renmpoval of the masking

el ement. 20. A process according to claim 17 conprising the steps of -
provi di ng a bi adhesi ve sheet conprising two sheets of protective paper; -
i nci sing one sheet of protective paper1é701) al ong the edges of sone
portions (801) thereof, - renoving saird portions thus form ng cavities
(802); i ncising the sheet of protective paper along the perineter of
portions (803) enconpassing said cavities; - filling to the top |evel said
cavities with depdsitict of ayefirstf lagerf of stateriad eri &fter the removalnef theenpsipeg
covering saidﬁiones, so as to form openings (804) enconpassing said first
| ayer of mate ent.. arrangi ng a second maski ng el enent (805) on the

bi adhesi ve sheet, said masking elenment having ports coinciding wth said
openi ngs; - depositing a second | ayer of a second material; - renoving
sai d masking elenent. 21. A process according to claim 20, further
conprising a step of punching the biadhesive sheet while | eaving integral
the | ayer of protective paper opposed to that where the systemis
deposited, said step being carried out before the -14- deposition of the
first layer of material or after the renoval of the nasking elenent.



