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SYSTEMS" The present invention relates to systens for the conversion of

wat er i nt &0 B/F6sroxi di zi ng gases and to el ectroni c devi cepCromBaming

them in particular screens containing electrolumnescent organic
materials. It is known that the functionality of certain electronic devices
can be inpaired by contact with water, eVven if present in traces. It is
the case, for exanple, of the sem conductor devices, wherein water may
oxidize the electric 10 contacts or chemcally alter some parts; or of the

|aser anpl i i ersyyetd ROeHEOROKSERADREGF ATHR RAO Ko AATS99GE bed 1n
pat ent applicatTo P-—A-720260—Anetrecttonte ot—of—Hi¢
i ndustrial intereSSESHNTR ELBOTRQINES BEOGECES CONTAININGISATD SiYSTERMS are t he
el ectrol um nescent screens based on the use of organic materral's, known on
the field as OLEDs (Organic Light- Emtting 15 Devices). In brief, the
structure of an Ogf | 4 . ' tjal ranspar ent
support generally rrao% %%?élﬁqgeggg%rré%%é ggtﬁysé%ﬁlgg&po yér%?’&s%ﬂ?cﬁg#eéé? es of
transpareni elnecioxddiemg(gaseratiity bevidrge Aoides chuRARih® ! ¥ paibithy are
linear and parallel to each other, deposited on the first support; a

doubl e | ayer &FreoDS enntgibing sleckpligipesceniiorganionetetiplgani ¢ materials, of which

the first is condygt.pr I ns...apnd..t h econd,of el egtr.onic vacancies
(al so said "hol es‘lift?gé%lg{c’)\?i @gﬁ%&%?u:fcﬁ@n%}t&sff §eé'%?%sel%f:o&ce§%\g%e&e§?n ®second
series of el edipaidled blygeuitich|Wish hawdrhaverd ot hRdétt hufsdes ORalsi th¥) cdsenésr and

parallel to each other and having orthogonal orientation with respect to
those of the FRREPlesef ithes semigordygton devires, Whaneinugater m8 qxidies the efectrive

doubl e | ' i als, that this,latter is. i sed
ot ween (15 ¢ SorEEB SnREAly 813 pobR Bt oF B it e AR oottt 1y
tr gns par Ielnt i wipticdl fikey chnbhicBli@Bsas deabbeddh pRleAtipplicatttSEA- 2 02600! anar
and paralle

An electronic application of high industrial interest wherein the presence of
water must be avoided are the electroluminescent screens based on the use of
organic materials, known on the field as OLEDs {Organic Light Emitting

15 Devices). _

In brief, the structure of an OLED is formed of a first, essentially planar,
transparent support generally made of glass or of a plastic polymer; a first series
of transparent electrodes (generally having anodic functionality), which are linear
and parallel to each other, deposited on the first support; a double layer of

20  different electroluminescent organic materials, of which the first is conductor of
electrons and the second of electronic vacancies (also said “holes™), deposited on
the first series of electrodes; a second series of electrodes (generally having
cathodic functionality) linear and paralle] to each other and having orthogonal

. orientation with respect to -those of the first series, in contact with the upper

25  portion of the double layer of organic materials, so that this latter 1s comprised
between the two series of electrodes; and a second support not necessarily
transparent. which may be of glass, metal or plastic, essentially planar and paralle]
to the first support. The two supports are fixed to each other along their perimeter,
generally by gluing, so that the active part of the structure (electrodes and

30  electroluminescent organic materials) is in a close space. The first transparent

support is the part wherein the image is visualized, whereas the second support



to the first support. The two supports are fixed to each other al ong»?qﬁd\,rmm
perimeter, generally by gluing, so that the active part of the strutture
(el ectrodes and 30 el ectrol unmi nescent organic materials) is in a close
space. Thwo 0/es3d4sr ansparent  support is the part wherein tlgargBofd S

vi sual i'zed, whereas the second support 8 MAY 2004 WD 02/ 056395

PCT/ 1 T02/ 00019 -2 has generally only the function of closing and supporting
the device, in order to provide the samez2with sufficient mechani cal
strength. The anode is fornmed of a transparent conducting material,
generally the sem conducting m xed oxide of indiumand tin, known in the
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of the OLED and generating react
A problem which has been found in the OLEDs functioning is their

degradation upon exposure to moisture, which may react with the organic
materials (generally polyunsaturated and therefore rather reactive species), as well -

15 as with the cathode, formed of particularly reactive metals. The zones interested
by these reactions loose their functionality of light emission, thus appearing like
black spots on the screen. |

In order to overcome this problem, international publication WO 99/03122
describes the introduction into the internal space of an OLED of a gas reactive

20 towards water, for example selected. among silanes, trimethylaluminum or )
triethylaluminum. These gases react quickly with the water molecules by
subtracting them to the internal space of the OLED and generating reaction
products which are not harmful for the device working. However, the introduction
of a gas into an OLED during the manufacture thereof is difficult to carry out.

25 Other patent publications describe the use inside the OLEDs of moisture
sorbing materials.

International publication WO 98/59356 describes the use of a getter material
positioned inside the OLED and fixed to the second support. This document
generally indicates the possibility of using materials such as Ba, Li, Ca, BaO or

30 the like; among these, the metals Ba, Li and Ca are particularly reactive, besides

than water, with other aimospheric gases, so that the handling thereof in an



products which are not harnful for the device working. However, the g MAY?J004
I ntroduction of a gas into an OLED during the manufacture thereof IS
difficult to carry out. 25 Qther patent publications describe the use
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WD 98/ 59356 describes the use of a getter material positioned inside the
OLED and fixed to the second support. This docunent generally indicates
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materials nor sgi¥iig ANcERIA bBoRN nnReS Bbe thelq)ulsﬁ@woacww 9g/5p896.ess of
OLED screens containing said materials. US Patent "No. 5,882, 761 descri bes
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oxide (CaO). A possible problem in the use of sorbers of this kind is the fact that
these materials are generally in the form of a powder, and therefore require to be
15  held by a sheet (for example, non-woven tissue) which is permeable to water but
capable of retaining powder particles. The use of powder material and of the
permeable sheet prevents the minimum thickness of the component intended for
water sorption from getting below threshold values of about 0.3-0.4 mm; on the
other hand OLED manufacturers, in order to exploit at best the potentialities of
| 20  these flat and thin screens, require moisture sorbing systems with thickness values
lower than the above indicated ones. Another problem that prevents the reduction
of thickness of the sorbing systems based on the use of CaO or similar is the
reduction of the water sorbing capacity.
Object of the present invention is providing systems for water removal to be
25 used in water-sensitive electronic devices, in particular screens containing
electroluminescent organic materials. In particular, object of the invention is
providing moisture removal systems, whose manufacture and introduction inside
the final electronic device can be easily integrated i the manufacturing process of
the latter, and which are characterized by a high capacity of water removal so that
3¢  systems of water removal having a lower thickness with respect to the present

ones can be obtained.



wat er sorption fromgetting bel ow threshold val ues of about 0.3-0.4 mﬁymmmzuu:,
the other hand OLED manufacturers, in order to exploit at best the
potentialities of 2D these fl at and thin screens, require noisture sorbing
syst ens vwWOM2tRé3¥&ness val ues | ower than the above I ndi carew/1oOBEM19AN0t her
probl em that prevents the reduction of thickness of the sorbing systens
based on the use of CaOor simlar is the reduction of the water sorbing
capacity. Object of the present inventiomis providing systens for water
renoval to be 25 used in water-sensitive electronic devices, in particular
screens containing electrolunmnescent organic naterials. In particular,
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i s obtained accor ng e pre i nvention by neans of noisture
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nitride, BaSI\Pe,SPJ@%g, &Qmw@qh tdcMeHser respectively according to
the foll ow ng reactions: 10 A14C3 + 12 H20 4 AL(OH)3 + 3 CH4(I) Al3mg2 + 13

H20 - 3 Al (OH) 3 +A%Qy OHFRO-—(AB8I@H)H2EICH, Ba3N2 + 30 H20 -> 3(IBa( OH) 2SH20

*2 NB(HY) AlsMg; + 13 HyO — 3 AOH); + 2 Mg(OH); + (13/2) Ha D
BazN; + 30 H.O — 3 Ba(OH),-8H,0 + 2 NH; (1)
The sorption capacity, C, of a gas sorbing materials is indicated generally in
the field as:
C=PxV)/Q
15 wherein: P = pressure at which sorption takes place measured in millibars

(mbar), V = volume of sorbed gas measured in liters (1), and Q = quantity of
sorbing material used, measured in grams (g).

The materials according to the known art, besides having the problem that

they must be used in powder and held by suitable water-permeable sheets, have a

20  theoretical water sorbing capacity (C;) between 150 and 650 (mbar x 1/ g); the =
value of C; for CaQ is about 435 (mbar x 1/ g). On the contrary, the materials
according to the invention have a theoretical capacity (in this case, a capacity of
water conversion) of about 2060 (mbar x 1/ g) in the case of AlsCs, of about 2480
(mbar x 1/ g) in the case of Al;Mg,, and of about 1267 (mbar x 1/ g) in the case of

25 BaszNa.

As an example of the water removal capabilities of a system of the
invention, it can be considered an OLED screen having an intemal space of
volume of 0.1 em® into which,'dming the life of the device, about 10 mbars of
water get in: in these conditions, in order to make sure that all the water is

30 removed (by sorption or transformation into non harmful species) about 2.3 x 107

mg of Ca0, 4.9 x 10™ mg of AlCs, 4 x 10™ mg of Al3Mg; and 7.9 x 10 mg of



The sorption capacity, C, of a gas sorbing materials is indicated gerief #MA/ J{0:
in the field as: CG=(PxV)/Q 15 wherein: P = pressure at which sorption

t akes' pl ace neasured in mllibars (nbar), V = volune of sorbed gas
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Another advantage of the converter materials of the invention is that they
may be used in the form of thin layers deposited with the typical techniques of the
microelectronic industry, such as evaporation, cathodic deposition (better known
with the term “sputtering™) or the techniques of chemical deposition from vapor

15 phase (commonly known as CVD, from “Chemical Vapor Deposition™). By
operating according to one of these_ techniques, it is possible to deposit a thin layer
of a material according to the invention directly on a surface already present in the
electronic device (for example, on the internal part of the second support in the
case of the OLEDS) in a process step integrated among the various manufacturing

20  steps of the complete device.

The materials according to the known art present difficulties if they have to
be deposited with these techniques: the alkali or alkali-earth metéls, as said, are
extremely sensible to various atmospheric gases and their use in any manufacture
1s difficult (as well as their production and storing), whereas the materials of the

25 invention are much less reactive towards all gases which may be present in the
atmosphere of the manufacturing plants, apart from water. As to the oxides such
as Ca0 and BaO, they are not suitable for being deposited in a single passage with
one of the above cited techniques.

Besides, the high cap_acity of water conversion of the materials according to

30 the invention also offers the further advantage that the systems which employ

them can have very thin thickness values, for example of the order of 0.1 mm,



because, upon water sorption, a crust tends to formon the surface of § M&SE(!
oxi des which makes difficult the subsequent contact between water and the*
inside of the sorbing material so that, in order to ensure the necessary
sorption Mmeawe39s 10 quantities of oxides of the order ofpdEITI20H019
mlligrams need to be used. Another advantage of the converter materials of
the invention is that they may be used in the formof thin |ayers
deposited with the typical techniques of “fhe microelectronic industry,
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at nospher e of ofmeistareuf act uring plants, apart fromwater. As to the oxi des
such as CaO and BaO, they are not suitable for being deposited in a single
passage with one of the above cited techni ques. Besides, the high capacity
of water conversion of the materials according to 30 the invention also
offers the further advantage that the systens which enploy them can have
very thin thickness values, for exanple of the order of 0.1 mm 6 NMAY 2004
VD 02/ 056395 PCT/ 1 T02/ 00019 -6 whi ch cannot be obtained with the presently
used sorbing systens based on CaO



powders held by a water pernmeabl e sheet, which as said in the foregof fgMAY 2004
cannot be produced with thickness values |ower than about 0.3-0.4 mm Even
if thé description of the systens according to the invention has been 5
made with particular reference to their, use in the OLED screens, it wll
appear to those skilled in the art thék t hese systens can find
application, offering the sane advantages, also in other mcroelectronic
devi ces which are sensible to the ad@LéﬁWSof moi sture. 1 MAY 2004 -7 CLAIMS
1. Use of the conpound A13Mg2 in a noisture converting systemto react with
water by form ng a reducing gas. 2. The use of claim 1l wherein the
conpound 1A13MiZeiof the\cdrigoundr AP, ihh indiiRr cont&HAg ist Aen A6 réacs Wikitwatbe by a
t echni que sel ect ed anong_ evaporation, cathodic deposition and Chemi cal
Vapor Deposi t ibgforming gisedicingsgasensi ti ve el ectronic device conprising a

wat er converting system according to one of the preceding clains. 4.

El ectroni c device according to claim3 consisting in a screen fornmed of a
first tRanspdhenisesufpdaint 1 anisbreih the S0MPOAnd WHMES isniat the efeff ST thiny layer
transparent fixed,to the first support along the perineter, between, which
are conpri sed ERRSItRS 1Mo R | Spbstinte Mn@itﬁhnmues@?q%l gnong s¥apasatian, Lathodiset ween

said series ofy sﬂf&r{&‘a@gnﬂcﬂ ?Deé@ﬁt%nf of el ectrol um nescent organic
ev I'ng

materials. 5. ectronic I ce accor o claim4 wherein the screen
contains a systemof <claiml1l in the formof a |layer of a water converting

mat eri al _having .a thickness |owey than 0.2 nm deposited on the internal
portion df th&IQigE Feasiibyforalectionicn device r CEPTINNEEaNIglT CRIYeRIiRG System

deposi tion.  according to one of the preceding claims.

4. Electronic device according to claim 3 consisting in a screen formed of a first
transparent support and of a second support not necessarily transparent fixed to the
first support along the perimeter, between which are comprised two mutually
perpendicular series of electrodes and, between said series of electrodes, a double

layer of electroluminescent organic materials.

5. Electronic device according to claim 4 wherein the screen contains a system of
claim 1 in the form of a layer of a water converting material having a thickness
lower than 0.2 mm deposited on the internal portion of the second support of the

screen by means of cathodic deposition.



