8 MAY 2006 1 A matri x-addressabl e optoel ectroni c apparatus and quggquﬁm6
nmeans in the sanme The present invention concerns a matri x-addressa ﬁé
optoel ectronic apparatus conprising a functional nmediumin the formof an 5
optoel ectronically active material provided in a global |ayer in sandw ch
between first and second el ectrode neans, each with parallel stripe-Ilike

el ectrodes wherein the el ectrodes of the second el ectrode neans are oriented
at an angte AGnhfixSldfdssabR Ohedeiecirbhit afpaFd i IRIrodl T Sid) in
functional ‘alenents are orne I'n vol unes e active materi ef1 ned at
respective Ithesameaps between the el ectrodes of the first el ectrode neans
and the electrodes of the second el ectrode neans to provide a
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the int ende polarrze
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of a piXel in any case ace ressing schene, and
wherein the ezle@ta:odcﬂjeﬁthﬁ seaqoude@lgﬁtrode mganstie proveds ama;trweadérw@blnade of a

ransparent gia GAISINCARELBRLETH Bbntal? Wi Y SOENY magaﬁggg \flerdlipg concer ns

an el ectrodes trix-addressa ectronlc

appar at us, of@mptlpgahglemqmun-thﬁ|a|¢tléfcenaﬁe§1@é can dgeactifjated dyeapydgsain t he
form of par r I he el ectrode
| ayer is rgﬂlﬁé?sﬁ) nﬂhgﬁcrkhég gétlléﬁtrrédi %@gﬂ%%fe%gme&l%ggghﬁ?% The present
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functional ef&FESS dlfbrﬁaﬂlvéﬁﬁb %élﬁEnt H@Ef & ford'8 ﬂlk‘@Ffﬂ Qﬁ‘%:ptlcﬁl geRetor are
addr essed vi adreespectlve y a |rst el ectro%mqﬁans wth para

stripe-|ike 2NGREIPYHIRE ArYRIRASIOT FUBRAL Yt ctrodes ml%@ﬂ t%a Rixght s on
one side theigatticpdhaeplalel eRher taRdbeimBaRieMed @ssdnmnbi\galﬁ'cﬂﬁld ffo but
oriented 35 Iger pendi cul ar Eo t he el ectr.odes oé (HJ first, peans and provided
in contact aterial and capable according to the intended function either to emit,
20 absorb, reflect or polarize light upon being a activated by an applied voltage

or to output a voltage or current when stimulated by incident light, or both,

whereby the addressing of a pixel in any case takes place in a

matrix-addressing scheme, and wherein the electrodes of at least one of the

electrode means are made of a transparent or translucent material.

25 The present invention also concerns an electrodes means for use in the
matrix-addressable optoelectronic apparatus, comprising a thin-film electrode
layer with electrodes in the form of parallel stripe-like electrical conductors,
wherein the electrode layer is provided on an insulating surface of a
backplane.

30 The present invention particularly concerns apparatuses and devices
comprising functional elements in a planar array, wherein the functional
elements are addressed via respectively a first electrode means with parallel
stripe-like electrodes arranged in contact with the functional elements on one
side thereof and another electrode means with similar electrodes, but oriented

35 perpendicular to the electrodes of the first means and provided in contact



8 MAY 2006 2 with the opposite side of the functional elenent. Thighay 2006
constitutes what is called a matri x-addressabl e device. Such

mat ri x- addr essabl e devices can conprise e.g. functional elenents in the
formof logic cells, nmenory cells or in ease of the present invention,

pi xels in a display or photodetector. The 5 functional elenents may include
one or nore active switching neans, in which case the nmatrix-addressabl e

device is te\ifﬁﬁ‘ihé’b{p?:%%i%%ldé@f méflﬁsi&f&é%%Pérﬁeﬁpwm,coﬁgumes e 4 onal
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design rul es ﬁlhlch set a lower l.imt to, the also limt the fill
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| ayer of optmetréctaddréssableydevdct iy eerfmdded ipabside immatsixrdid s biglievdearica fir st
el ectrode neans EM 20 conprising parallel strip-like electrodes 1 of width

w and Sl@ace‘jl“l?@ﬁt ﬁr% aﬁeﬁtﬁzﬁﬁ)lv‘i’dﬁﬁ des&%@fﬂg@{eﬁz%@ﬁngf 53%%%5&%‘3 ggans EM2

conprising para ect ut wth
t he el ect rod@gt@ceanrcaﬁg@cf memeen devisesr ag 8o smdtadling elementsy viz. trARSISOFS t

el ectrode MeaRsefifked ihnéd)Brd beNats isaKen delirAle ieadiib ot hdhigh hagver | ap

bet ween the el ectro respective el ectrode |nes a
pi xel 5 in tdeasiytaseossabler put peesensgiesjlgmryllerﬁgw\bmh s@fea lwshhmt&th%des 1,2

crossing at & grdaQaflol Binit fHefiRl f’é@{orSthei’Edf' i. Ethel mtameemfvé m@hdriathen
the apparatus_is configured as pl ay. an ying incident light to

the pi ¥l 5 Ofathﬁéflém?érﬁﬂér‘?ﬁﬁ?Pl@rﬁPRﬂrﬂusﬂbab%tHﬁﬁyQi‘ﬁlIP%BS%KF éer thedes 1,2 when

t he appar at Ugicfiof@néleadifts tReredfphot odet ector. 30 Fig. |b shows the prior
art device of fig. la in a section taken along the line X-X making the

maeri al 3 45 Mot $A5ST Y et B ol B S Ra pe eBechic hSardAC MR AT, V°
material 3 dﬁgt he agd coaiprisgsean asseatiaily pdangr glp)é»ai ilasjecrmfocbptnhhetctmmcally
appl | cat i on R fat@tinh L FLaRbAGEherhtadiscdods Blansbdy af fect the

pi xel 35 5 he Ccrossi s or cells at
t he el @6t r odwsmprising parallel strip-like electrodes 1 of w1dth w and spaced apart by a

distance d and a similar second electrode means EM2 comprising parallel
strip-like electrodes 2 of the same width w, but with the electrodes 2
arranged perpendicular to the electrodes 1 of the first electrode means EM1.
In the global layer of active material 3 the overlap between the electrodes 1,

25 2 of the respective electrode means defines a pixel 5 in the active material 3.
By applying voltage to the electrodes 1,2 crossing at this location, the pixel 5
will for instance emit light when the apparatus is configured as a display and
by applying incident light to the pixel 5, a detectable current will be output
on the electrodes 1,2 when the apparatus is configured as a photodetector.

30 Fig. 1b shows the prior art device of fig. la in a section taken along the line
X-X making the layout of the electrodes 1,2 and the global layer of the
sandwiched active material 3 as well as the location of the pixels 5 apparent.
The active material 3 of the global layer usually has properties such that an
application of the voltage to crossing electrodes 1,2 only will affect the pixel

35 5 at the crossing thereof and not neighbouring pixels or cells at the electrodes



8 MAY 2006 3 crossings in the vicinity of the fornmer. This can be gghl

by providing the active material with anisotropic conducting property, such
that electrical conduction only can take place in a perpendicular direction
to the surface of the active material ang between the overl appi ng

el ectrodes, wth no current 5 flow ng through the global |ayer to the other
pi xel s. The size and density of pixels 5 will depend on a

process- consirbadifgs imthé FidThitgaifthe fohdkr CRRiskan BYhahieeediby dﬁﬂﬂ/iding the
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maxi mum,nunber, of feat.ure i [ t i f
the ar ¥ 4 Ahfre; sERitE eladtlioh ol O PiheL srRlicst FatEfifes e
of a pixel Scansbgdefined\pyftheanasippnddtstvdlnomwilli i its tarnvépindsootket he area
4 in greater ' ' r ' L e r Lng;.to
the area 4. VAEEhsth GF ok RBAELsc 5 BhEFyRar s FRAEIEE ML GIRMYLARA P,
the area f 2hefscbpe ofitaday’sTechnalogyimelmiiedrtosdayv®, 115had, 2t um, madrliencen fi g.
|l a has a 25 fil]. I €x / 404 I on of
the area of ftielFe‘%jldftgy ? Eéf?% ggeecﬁp%iqssl’% ﬁ]:rjls% tﬁ%%. a?%%ﬁﬁ@%eﬁ%&&iggﬁwlépg% %g hi gher
fill fddtor abousthisghegnitddesity of pixels 5 in the global layer it would be
desirable to increase either the fill factor or to obtain a higher

resol ution ifp thaecBhREESST BOIhuldibeatbted SRAtUheSy Ahe tzmsﬁanziig tefnéd thento the
sub-0,1 gmr I ncrease t ot.al . number of

ange. wever, al though this ma e
pixel 5 i n a RGH fad thatdRe ERIMUM R exobBnepper amteleflgﬂga%lpﬁml@%bls hi gher
fill factor.with pticvareffablicatibn vechaNsgy ey aiviedrsy the factor M 4id obj ect of the
present invention to elgg’b]le an i ncrease o %he fill factor in

mat ri x- addr SQLEESPONdglY dhe MPymum Mmber; ofsTegfures Pespb argapy Drfeqtong 1o
a val ugappriaff Heige3?d thoiatea Antiohm BCHgevds @onEidered) iexwillobé avidont ahatt he

real estate tﬁ];fs?zreegf g%}i)t(e F5 is given by f* as apparent from fig. 1¢ which shows the

area 4 in greater detail. Each pixel 5 requires a real estate corresponding to
the area 4, the size of which is 4£%, in other words, four times larger than the
area f* of the pixel. This consideration shows that the matrix in fig. 1a has a

25 fill factor of 0,25, i.e. f*/4f>. The degree of exploitation of the area offered
by the layer 3 is thus low. In order to arrive at a higher fill factor or a higher
density of pixels 5 in the global layer it would be desirable to increase either
the fill factor or to obtain a higher resolution in the process-constrained
features of the matrix, e.g. into the sub-0,1 pm range. However, although this

30 may increase the total number of pixels in a similar area, still it would not be
able to guarantee a higher fill factor.

In view of the above considerations it is a major object of the present
invention to enable an increase of the fill factor in a matrix-addressable
optoelectronic apparatus of the afore-mentioned kind to a value approaching
35 unity and to achieve a maximum exploitation of the real estate offered by the
global layer of the active material 3 in such apparatuses without actually



gl obal |ayer of the active material 3 in such apparatuses w thout ¢agtyahhe 8
MAY 2006 4 being constrained by the actual or practical size of tﬁe
process-constrained mninumfeature f, as the fill factor will not be

i nfl uenced by decrease in f, although sugh a decrease of course, wll serve
to further increase the maxi mum nunber of pixels obtainable in a gl obal

| ayer of the active material 5 3. The above objects as wel | as further
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phot oel ectri ﬁﬁ'g’% r u be
operated as Ogtﬁfgkﬁ%géﬁbr as é@%hot ohé g%cgr %baatﬁlea‘ﬁp&p ?\‘%’sérgg{%t ageous
enmbodi ment @mlmmelrmpmmtuﬁc warscnqmgpar@bim@ A pveerssospnstraieedimjdemdsimai ns

can be capatbngl o8 b Lifetebyaht ANERLiSE bIMEPBIDI e oBRRVIESTNRAfIgOS

wher eby the matri x-addressa paratus can erate

t he di dde d@ﬁﬁmgnwnlatbéel@éwtimr@p 19 Gl9sgt toj hgnétgqmmhermf Bixelol tage when
stimulated eSS mbkditim WOARERYy!HE 1BR ak ngfazef?@ﬁ@en?a? gRtus can

be operated s . phot odet ect or. ove obj ects, as furt
feat ures andapdwichedyeetvwgen ténesqiecta@wr Beasaer@saidheatere yige by é%}ént

i nvention wighdyiafliRtRGS beflfy HBARSd Wy £/F?1 s characterized in that the
thin-filmelectrode |ayer conprises

In an advantageous embodiment of the apparatus according to the invention,
20 the optoelectronically active material is an anisotropic conducting organic
material with diode domains contacting the electrodes of the electrode
means, and then the organic conducting material can preferably be a
conjugated light-emitting and/or photoelectric polymer, whereby the
matrix-addressable apparatus can be operated as a display or as a
25 photodetector or both.

In this advantageous embodiment of the apparatus according to the invention,
the diode domains can be capable of emitting light when stimulated by an
applied voltage, whereby the matrix-addressable apparatus can be operated as
a display, or the diode domains can be capable of outputting a current or

30 voltage when stimulated by incident light, whereby the matrix-addressable
apparatus can be operated as s photodetector.

The above objects as well as further features and advantages are also
achieved according to the present invention with an electrode means which is
characterized in that the thin-film electrode layer comprises

35 a first set of said strip-like electrodes of width w, and thickness h, provided



35 a first set of said strip-like electrodes of width wa and thi ckRgg¢ 2066
provi ded 8 MAY 2006 5 on the backpl ane, the electrodes of the first set
bei ng nmutual |y spaced apart by distance d equal to or greater than we, a
second set of said strip-like electrodesswith wi dth wb and thickness hb
provided in the spacings between the electrodes of the first set and
electrically insulated therefromby a thin 5 filmof an electrically
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in a layer coverin de ed es.of the electr, |rst set up to

the top surfcﬁgg’atrﬁ&rt ge RAgmty ea‘%f EIRRET Wa O SYta it ﬁﬁ‘? ﬁ%a%lﬁgéJ ween

the for m%‘r bRefeth dhe Et&t@deﬁtdfqﬂesm{ séthﬁbln o, S@ld tehlaetlpé @Wcﬁ%el n
|ns ating thin above a

recess be ween t ortions, of

bor 1 ofDt her wHDElFagodfand i inswating ting o derhoadsiobel pRs detity se:
bei ng fl USh1M\4thé1eldb@rddbpm%dﬁ§oﬁfthéhfackpﬁiﬂe&hbftg)f walls as well as the top
surface of the electrodes of the first set, whereby the electrodes of the

d t I | ayer th
second set %R, dAVahed s Oygalfeq: o 1 Welate LIGLR REREARG ol BLST W LD
ha in the elpecsemaevwﬂmthmmwéammlbrh,etmnébﬁ el@csrq’dmesanf theafirstsae of
the el eCtro%ﬁdf{ﬁ@%ﬁ%&%&%@bﬁ%é&c&)% ée'f"f@ﬂﬁ'p%?ﬂ%ﬁ?of%@?lﬂlnoﬂﬁﬁcﬁs wel | as

t he backpl ane must transparent "or a translucent material, when
t he el 48t r odesulating materiad povidedra 4 layencpveringghesidagdgemef thevent i on

shal | now bej &Rl dlsnedhelfirR'sgt o tt@'the‘% Burfa&L ek B?aﬁ%ﬁl(%m?ﬁ@ry
th bl Aopandsd 30" ar

enbodi nents I n conj unction wt rawi ng fijgures, of which

35 figs. 1 Ragkphkag ia theispackas bﬁéWﬁﬁRih@Icﬁiﬂ’éB@lé@Inél bt deg electrodics odpper at us
:)s(exln![ T g'nggeg%rg(ggé’teﬂ‘e'ﬁ'&@'idé’d it FrleBdY BetlWeeh thash A pobtisHE Bf tRPPar at uses,
insulating thin film and above a portion thereof covering the backplane, the
20 electrodes of the second set being flush with the top edge of the insulating
walls as well as the top surface of the electrodes of the first set, whereby the
electrodes of the second set have the height hy, = h, - 8, and that the electrode
layer with electrodes and insulating material form a global planar layer of

thickness h, in the electrode means on the backplane thereof.

25 In at least one of the electrode means according to the invention the
electrodes as well as the backplane must be made of a transparent or a
translucent material, when the electrode means are used in the inventive
apparatus. The invention shall now be explained in more detail with
reference to exemplary embodiments in conjunction with the appended

30 drawing figures, of which

figs. la-c show a prior art matrix-addressable optoelectronic apparatus
exemplifying a conventionally attainable fill factor in such
apparatuses, as mentioned above,
fig. 2a a plan view of a matrix-addressable optoelectronic apparatus
35 according to the invention,



fig. 2a a plan view of a matrix-addressabl e optoel ectroni c appar agugay 2006
according to the invention, 8 MAY 2006 6 fig. 2b a section taken along |ine
X-Xin fig. 2a, fig. 2c a detail of fig. 2a and illustrating the fill factor
attainable with the present invention, fgg. 3 a section through a first
enbodi nent of the electrode nmeans 5 according to the present invention,
fig. 4 a section through a second enbodi nent of the el ectrode neans

accordi ng tq*lé_% pres%nge_citfa,yle@k@rﬁ,lo%é fneXSkhemd.ixal |y a cross section
throughllggj- e.a to.the

emtting pixel sed’i.n the, ar accordjn
present invdHkidn, 10% Qjml@fgﬁaeﬁs@néaﬂpmnag & TubBactr gk i vdth
| i ght -detecting pixel tRé présedd ihvertién,appar at us accordi ng the present
Remat ically the strucfure

i nventi on, d fig. 7 sc of preferred

opt oel ectr o%?g:agfl ly a&iardiopgthepngh a érsaggﬁoqdhmte%ogitﬁgpiqcﬁr(g{etlﬁgpnq ig. 5
and figs 6. Wth ref eraeoeading tbithe présent 2bveartio,c a di scussi on shall now be
gi ven of an 15 appar at us cording to the,inveniion a I ncl ydi t he

el ectrode %s‘fiof t hé chﬁff’é‘ntlhir‘&'ﬂgh BrS§EPR) ieEIV'%ﬂ‘tlEl?Qé iogﬂhF te(f%%éqcpeg{nﬁéﬂs al so
become apparent how t hecomliagttoatie presums iaceamtich,ng to the invention shall
allow the fill factor t apprgach unity in an appatatus of.this kind. A
structurall l%iin' | ar éﬁﬁﬁ?’zg‘?’lfgﬁy abfﬁosﬁ8%%1%ﬁg@uggalégal?fé?mm{%%xgtéﬁbl e
ferroelectric nenory dgedda,theappheatddascinjdéng tothé presens imvergidmt er nat i onal
publ i shed pat e applicatio 03/.041084. belongdi . ) ppkicant as
the pr g@ent 6}15%3{ I cati 8836‘?14@"3%%%"8% Sg(gt&%r? tl?r glg?'gd [1%3&-!&%{[;&%{5%0@&%@ hown
in plan viewin fig. 2medrin the appbratusreatorndimg bhé presest intndibrt,and passi ve
mat ri x- addr le ¢ ' at | t ' : | ve
mater a3 A deposi ¢ canpRAERLSIERGEN et SRASEY SRREERLRA (T
the el ectrode means EMCfiveEM2tesind @sdisad indhe péxélrinegithesdig Thendifigt6.

el ectrode neans EML which could be any of the enbodi nents shown in figs. 3

or 4, will bgithdefédetot tbFidNa, 2BGNIN &h isduRdRMER1S nEWbMgiieéh ohamever,
is provided with the ggr | el

strip-like electrodeg 2 oriented at ap angle
and pr dber alPPAPRHPEREVIIING To (hS SV ertionahd X BAEE heceletrodadaeans of e
el ectrode nBaVEntRML, Frvin shigvdiscO¥iesreit shadl leacdls®BesomeZappaeehttilowahpi xel 5
is defined in the optoel ect ro(ﬁi cal Ig .active r% rhal ﬁﬂ{ﬁﬁrébet ween. The
pi xel 5 can SRFEDdACaBnAGERTHRE tpAbe davnuan sbalipy i14C19%d8abl e of
em tting |i gippredchoeniey ah iapthpdaratus of this kind. A structurally similar apparatus,

but configured as a matrix-addressable ferroelectric memory device, is the
20 subject of for instance International published patent application

WO003/041084 belonging to the same applicant as the present application.

The apparatus according to the invention is shown in plan view in fig. 2a in
an embodiment which is restricted to a passive matrix-addressable
configuration wherein an optoelectronically active material 3 is deposited in
25 a global layer and sandwiched between two of the electrode means EM1,
EM2 according to the invention. The first electrode means EM1 which could
be any of the embodiments shown in figs. 3 or 4, will be identical to the
second electrode means EM2 which, however, is provided with the parallel
strip-like electrodes 2 oriented at an angle and preferably perpendicular to
30 the corresponding electrodes 1 in the electrode means EM1, as shown. Where
the electrodes 1,2 overlap, a pixel 5 is defined in the optoelectronically
active material 3 therebetween. The pixel 5 can be a semiconducting
inorganic or organic material capable of emitting light or generating a
photocurrent upon an appropriate stimulation, e.g. by an applied voltage in
35 the former case or by incident light in latter case. Most preferably the
optoelectronically active material shall be a conjugated polymer with an



phot ocurrent upon an appropriate stinulation, e.g. by an applied \g%%?%o%
35 the fornmer case or by incident light in |atter case. Mst preferably the

optoel ectronically active material shall be a conjugated polynmer with an 8
MAY 2006 7 anisotropic electrical conductyvity, such that conduction only

shal | take place between overlapping electrodes 1,2 and perpendicular to

the plane of the l|ayer of active material 3. The driving, sensing and
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1,2 in the re ect| e el ECtrOEﬁl mo ea,l\{% EM2 in any case are only
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separat ed by'ndeisfogd by pesanys ‘ulating material, the thickness S

of whi ch be| ng only a tiny fraction of that of the wdth w of the
el ectrodes Aomentioneds dxpactiyeqatemsk 3 ps sandviishedthetwegndbesdeciodsa r ai ned

or progpﬂss qﬁéam}ﬁg td ZW@seEﬁ"l‘B‘éH@aﬁt 'etm"f'ié'ﬂ;’@vlﬁ@ﬁ@ht)tl%ta tdgigy ectrode

means accor e present _inven | on | ows an increase in the fill

fact or towartheough the apparau@rmlﬁla Petakendoag thedineaKe Xr Adtthepveri@ptorodes in
the el ectro t%@‘?ﬁg/ao?%e éle%trddeg 1 2lae;ﬁkep§%§ d@ﬁneﬁqnltﬂe%ylveqﬁstew 3nave

different w but wa- heir w dt in practice can be
consi der ed Hevithe hgbwﬂmﬁth@g %m%%wuﬁtlwwgw\mh A@éhgééeptr@d%sdbaﬂpage

when one Coriﬁé(ﬂéip%cﬁv@'éleé‘trroééﬁéa‘h@ chmﬁhﬁ'ﬁ@ éa‘%@raré'd?ﬁ %e dravéd BﬁaShOVVn
in fig. 2c. The area occupied by . the 25 insulating walls ween t

el ectrdfes aay thia wplda @ﬂe@wtlﬁé% a1ajegal the tl@@knﬁwé qfﬁ@hafhelaelag ag a
pi xel's 51.. tjf fracﬁbh hﬁ‘rths{ GPEHéJWi‘dﬂEBWbT fEMlole EMBIES 1 245&1 toﬁfe dndifig. This

|rrpl|esthatW|t only a tiny fraction of rfi}}e he wdth w
of the el ectROHd¥e erg aﬂqrppeqsa%qlbﬁtraé B8R PRRZESY quet%’é“mélﬁbar at us

accordi ng tq‘eaﬁmee lfni»tEWIIl BB scbR MM tBctdldétréd @ fRane mo%dbfrdi (ﬁﬂﬁapr%@eﬂf the
active material ndvm ched bet ween th e] ectrode neans S taken

up by the p.lse@%tl@n allpevsar Higeass Lpeth&r aetwr\xpmar%um_iy ﬁdﬁ shﬁgkda e, if
f - w g setndiéd thitttcrAdtifg Tlébtfddes inBe@earede hranBIEVRN ;3 edei on will be
electrodes €,, €, in any case may have different widths w,,wy, but as w,~wy,

their widths in practice can be considered having about the same value w.

This will be seen to advantage when one considers a planar section 4
comprising four pixels 5,-5, as shown in fig. 2c. The area occupied by the

25 insulating walls 6a between the electrodes and the electrodes themselves are
defining the area of the pixels 5,...54 in either electrode means EM1, EM2 as
4f% + 8£8 + 457, This implies that with & being only a tiny fraction of either f
or the width w of the electrodes 1,2, the fill factor approaches unity in the
apparatus according to the invention, meaning that close to 100% of the area

30 of the active material 3 sandwiched between the electrode means EM1, EM2
is taken up by the pixels 5, the average size of which will be f*. For instance,
if f ~ w is set to unity and 6 = 0,01f, the area of the planar section will be
4 +8-0.01+0,0004 ~ 4,08 and the fill factor becomes 4/4,08 = 0,98, i.c. a
fill factor of 98%. The maximum number of pixels 5 in the matrix, given that

35 the area of the accessible active material 3 is A, will then be close to A/t in
the apparatus according to the present invention. For instance, if the design



4 +8 0.01 +0,0004 - 4,08 and the fill factor becones 4/4,08 = QRy J00&:
a fill factor of 98% The maxi mum nunber of pixels 5 in the matriXx, given
that 35 the area of the accessible active material 3 is A wll then be
close to A/f2 in the apparatus according o the present invention. For

i nstance, if the design 8 MAY 2006 8 rule applied sets f = 0,2m and an
active material 3 area Ais 106m 0,98. 106/0,22 = 24,5 106 addressable

pi xels 5 co ' o i n X ' t 02 106/ m?2.
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course, be gpRekygbni N the display. As the fill factor of course in any case
wi || approach unity, it will be possible to obtain a high resolution display

wh inth whol A of th . spl ' t | xel s.
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skilled in the art be ma dium tin oxi O as conmonly use
li ght - em t t i HgPlaywithat correspestdipgly Bicreased ystaceehii glonesheA sithe pile aheans

EMis sigown JieRstfdif ond side of the display must be exposed to the exterior, this implies
that at least the electrodes 1;2 in one of the electrode means EM1;EM2 must
be transparent or translucent and likewise the same shall apply to the material
of one of the backplanes 7. In fig. 2b the backplane 7 could be realized with
circuitry for driving, sensing and control as mentioned, while an opposite

25 backplane 7° indicated by a stitched outline as well as the electrodes 2 must
be transparent or translucent to optical radiation. Also the insulating material
used in the insulating thin film 6 could of course in such cases be transparent
or translucent, and the electrodes 2 could e.g. as well-known by persons
skilled in the art be made of indium tin oxide (ITO) as commonly used in

30 light-emitting devices.

A first preferred embodiment of the electrode means EM is shown in fig. 3.
Herein the electrode means EM comprises the plurality of strip-like
electrodes €,,g, provided on a backplane 7. The electrodes €, can be
envisaged as belonging to a first set of electrode and formed from an applied
35 global layer of electrode material which subsequently are patterned in a
microphotolithographic step using a suitable mask, while the electrodes g



Herein the el ectrode neans EM conprises the plurality of strip-1li Ig@[AYm%

el ectrodes sa, sb provided on a backplane 7. The el ectrodes 6a can

envi saged as belonging to a first set of electrode and forned from an
applied 35 global Iayer of electrode mategi al which subsequently are
patterned in a mcrophotolithographic step using a suitable mask, while the
el ectrodes sb 8 MAY 2006 9 between the fornmer can be regarded as bel ongi ng
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fig. 4 the electro as are orrre in a patterning step froma
gl obal I'y appha@mhbglﬁrofobothlmmbrasweﬂmséheansdnungmailmtmns’m iath agd 25 thin
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In the embodiment of the electrode means EM according to the invention
shown in fig. 4 the electrodes ¢, as are before formed in a patterning step
from a globally applied layer of electrode material and then the insulating

25 thin film 6 is deposited globally covering the substrate 7 and the electrodes
.- A conducting material is now deposited filling the recesses and covering
the insulating layer 6b at bottom thereof between the electrodes g, and then
in a subsequent planarization step the portion of the insulating thin film 6
covering the electrodes €, as well as excess electrode material resulting from

30 the deposition of electrodes €, are removed, leaving the electrodes €,,&;,
exposed in the surface of the electrode layer and flush with the top edge of
the wall portion 6a of the insulating thin film 6. All electrodes €,,&, have
then exposed top surfaces and can form an ohmic contact with any applied
optoelectronically active material 3 thereabove, but as is the case a capacitive

35 coupling may be had if the active material is dielectric, for instance a liquid
crystal material, and in that particular circumstance, even the top surfaces of



exposed in the surface of the electrode layer and flush with the § g&ﬁ
the wall portion 6a of the insulating thin filmé6. Al electrodes sa S av
t hen exposed top surfaces and can forman ohmic contact with any applied
optoel ectronically active material 3 thengabove, but as is the case a
capacitive 35 coupling may be had if the active material is dielectric, for
instance a liquid crystal material, and in that particular circunstance,
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20 apparatus according to the invention, they could as mentioned be any suitable
conducting material, e.g. metals like titanium or aluminium, which
commonly are used in electronic devices. The electrode materials may also
be organic materials, for instance conducting polymers, but must then be
compatible with the process used for forming the insulating thin-film layer or
25 any process used for removing portions thereof. Further it is evident that the
electrodes of at least one of the electrode means EM must be transparent or
translucent to optical radiation, as mentioned, to enable the function of the
apparatus as a display or photodetector.

While it should be understood that the width w of the electrodes of the

30 electrode means EM according to the invention shall have a minimum value
defined by the process-constrained minimum feature f, it will of course in the
first instance only be the width of the electrodes €, of the first set which must
be formed by patterning, as well as the distance therebetween that is so
restricted. The electrodes €, can be deposited by processes which are not

35 restricted by a design rule applying to the patterning process. The same of



30 el ectrode means EM according to the invention shall have a m nighyky %gHé'e
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const r ai ned 8§ '@ design rule for the patterning process of the
el ectrodes. Fig. 5 shows schematically the structure of a single pixel in an
enbodi dént Generellyitbe alppaxfathwl@mmﬁajm@gns &EMhs thewapparausiascardingpoay .
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1, 2 obpcounggximum number of definable pixels only constrained by the applicable

design rule for the patterning process of the electrodes.

Fig. 5 shows schematically the structure of a single pixel in an embodiment
where the apparatus according to the invention is a display. Between an
electrode 1 of the first electrode means EM1 and an electrode 2 of the second

25 electrode means EM2 there is provided an optoelectronically active material
3 comprising light-emitting domains 10, preferably in the form of
light-emitting polymer diodes. The light-emitting polymer diodes 10 is
supplied with working voltage Vg via the electrodes 1, 2 which are connected
to a power supply 8. It is to be understood that the electrodes 1, 2 of course

30 are part of the strip-like electrodes 1;2 of each of the electrode means
EM1;EM2 such that electrode 2 in any case will be oriented preferably
perpendicular to electrode 1. The light-emitting diodes 10 could be
wavelength-tuneable and in that case the active material 3 would contain
light-emitting diodes wherein the wavelength is tuned by varying the voltage

35 Vg as e.g. described in the International published patent application
WO095/031515.



30 are part of the strip-like electrodes 1;2 of each of the electggﬁngﬁaps
EML; EM2 such that electrode 2 in any case will be oriented preferab

perpendi cular to electrode 1. The light-emtting di odes 10 coul d be

wavel engt h-tuneabl e and in that case the jgctive material 3 would contain
light-emtting di odes wherein the wavel ength is tuned by varying the voltage
35 VE as e.g. described in the International published patent application
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20 It is of course, evident that at least one of the electrodes 1,2 in fig. 5 or fig. 6
must be transparent and the same applies to the backplane (not shown) 7 on
which the electrode in case are provided. Concerning the optoelectronically
active material 3 this may as mentioned be either light-emitting diodes or
photoelectric diodes and particularly preferred are organic diodes of this kind

25 based on conjugated polymers which as already mentioned have been
described in International published patent application W095/031515. It
should be noted that such light-emitting polymer diodes can be
wavelength-tuneable and emit light on several wavelengths by varying the
working voltage of the diode. In case such diodes also have photoelectric

30 properties and thus will be suited for application in a detector pixel as shown
in fig. 6, it should be noted that their peak sensitivity wavelength will be
different from their peak emission wavelength and shifted towards shorter
wavelengths than those of the optical emission. This is the phenomenon
termed Stokes shift, as well-known to skilled persons The diodes of the

35 optoelectronically active material may be manufactured as a polymer thin
film with domains of conjugated polymers and with a thickness of a few tens



wor ki ng vol tage of the diode. In case such diodes also have phot oglygirdpse 30
properties and thus will be suited for application in a detector pixel as
shown in fig. 6, it should be noted that their peak sensitivity wavel ength
will be different fromtheir peak em ssipnp wavel ength and shifted towards
shorter wavel engths than those of the optical em ssion. This is the
phenonmenon ternmed Stokes shift, as well-known to skilled persons The di odes
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er. bein g tting or
15 i ght - abs@r@?ﬂé}’ers aetave sraterdal %%éi"@lcgE@ bstween the e bﬁqgrqtiesvl,, 2wtk seen
that in t heoﬂl?‘ﬁ@x‘v'%@w%@ﬁ&hétell’éctmdé@ ®Ifafih Q@@hrgepaﬁatél‘phﬂ@lcpraﬂdriﬁntlﬁ the
i nvention and vmththai({lll g[tor aprgroa um&. thlrgiléWI” actually be
the case, sudif TARYEr§a) AFREtiQRy A100biet | Efeet of Kae {ight SisHOBI r can
provi de aodl phivtevoltwld &Ffewe Iamtmilehauﬁﬁmg oy, 1@htm1@aﬁepbeﬁlg0hghﬂéﬁhgﬁi : 6{ w E h
maxi mu sensi t vi the C ver evi
T 20 ReBnabsarbia, ShebR paRse i el Ehpare 12, dndf PHEBe Seefthaey™
mat er i al 6 bberigventiye apparitus Wwitceleotrodt rhéeﬁlseEM:hw@iehmg cﬂ@ bheviwdntionl | ow a
very high plxdg tglaﬁ]té 3nd an_eff ctlve{) 1eaa B t he total
area A of t HEdWaLthe filldACtar apprp o lsé"l Aﬂcéﬁ ?’lsdJr? r the
degree of pithat imtheoapparatus Mmrdmg)&rtlmfm%npon@hme@lmmpmbidf anispley
appar at us attain the X al | qwed tude. of the
oy bceos. conab it Rkthm SR TERLRS F A e ARG e Pl Hagighmbr at i ons
above 94rve demsHinitigsiszie thheasadVioatovers itciasdso avent ohatatheeensuing high
fill factor due to the thickness 6 of the insulating material 6 being only a tiny
fraction of the electrode width w will allow a very high pixel density and an
effective pixel area approaching the total area A of the global layer of active
material 3. Also the resolution or the degree of pixellation, i.e. the number of
25 pixels obtainable in the apparatus, will attain the maximum allowed by the
magnitude of the process-constrained minimum feature f. In sum any of the
considerations above serve to emphasize the radical increase in performance
that will be obtainable with the apparatus according to the present invention,
whether it is configured as a display or as an optical detector.

30 When configured as a display it can be both a monochrome or a colour
display. In the latter case, the active material could comprise diode domains
10, 10’ emitting on different wavelengths, depending on the working voltage
Vg applied. For instance an increase in Vg would shift the dominant emission
toward shorter wavelengths, provided that diode domains 10,10’ having their

35 peak emission in e.g. the red and blue range of the optical radiation
spectrum, respectively. In other words, wavelength tuning of a single pixel is



that will be obtainable with the apparatus according to the presenfy.yv 2006
invention, whether it is configured as a display or as an optical l\c/}et ector.
30 When configured as a display it can be both a nonochronme or a col our
display. In the latter case, the active npferial could conprise diode
domains 10, 10' emtting on different wavel engths, depending on the working
voltage VE applied. For instance an increase in VE would shift the dom nant
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when the apparatus according to the present invention is used as an optical

20 detector in an electronic camera, one should keep in mind that the effective

pixel size must be compatible with the wavelength A of the incident length,

i.e. at least 2\, in other words for the range from ultraviolet to near infrared,

about 0,1 p to 1,0 u. This of course, implies that the effective area of the

active material and the size of the detector must be correspondingly adjusted

25 to obtain a resolution comparable with that of available photographic
emulsions.



8 MAY 2006 15 CLAIM5 1. A matrix-addressabl e optoel ectronic appar QM'&}’ 006
conprising a functional mnedium (3) in the formof an optoel ectronica F
active material provided in a 5 global layer in sandw ch between first and
second el ectrode neans (EML, EM2), each wijish parallel stripe-like electrodes
(1;2), wherein the electrodes (2) of the second el ectrode neans (EM2) are
oriented at an angle to the electrodes (1) of the first el ectrode neans
(EML), whergtmafmsctional elenents (5) are formed in volunes of the active
material (3) defined at 10 respective overl aps between the el ectrodes (1) of
the first electrode means (EML) and the el ectrodes (2) of the second

el ectrode neans (EM2) to provide a matrix-addressable array with the

el ectrodes (11 2) Amatmm—addrmabietdp@odcctromc apparatus cqaprisutgea dunctional

Ll one  oEBBBL A7 40 A4 A BRI AR ASHETRL BRI EBRY L I

avoltaet sSing e t I'ement to forma
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optical detector” an utti e via the electrd , cr033| ng
at the pi xe|e1e@a¢®5a@t)| ethﬁeﬁeéenmelqcsyo enm@anﬁéENb?a)s%remwe @r[@@taétg @s an

i norgani c Orto%gémdirdﬁ%tsqu')@f tRBFirS PR dRGRE4HH (El\/ltl() Wl‘l%rélﬂtﬁl'i‘l@ﬁgnﬁllnc'f ion
20 either to emt, absorb ect  or olaglzell i)? gﬁtn gaotlvated
by an appl .eé@neat&(ég@rgrfonaeéanry@tlmaes/@lftt @éceveé@ﬁtﬁ@ﬁ Iheéstiged gyl ated by
i nci denp |'r€§§ectﬁfe SRdrlapsb@irin the%lé@l%&%sqlgq)fqhemtéeécu(&ae meafdly case

of at |east (5A @mnﬁiﬁééa%iﬁc{qiéié?%giﬁé‘sm«pa%hee;roﬁéihgyés@ V23 tormias s ot
or transl ucenhatriR-addt&shble afrﬁﬁr\ﬁ@ﬁ lié érRdtriodek fQ@tZ)tlhEb(ﬁJt@&tWﬁﬁethe (abh?')e of
P! Pr SemieraT Ly Hhrein pbostionhl QEnL s uhe SORE ARSERRHN BET nave
about the sageivatel By Wpplitingta edlestd artre drbss'ﬁhgtﬁleeﬁtcﬂeﬁtli‘(zy deti@irf & Nﬂc EM2)
TR S5 TR o G e R e ok i ©
that m ni murpigelgini 4 displaytlevides ocratqame&hf&ylbq incident digghtaorformaa pexklrinni mum
et e o1 S op R RS P Bgd Ve Bledke A Goping e
the nunber af the peted, §aif agpiveomatersald335n eethermoaselbéingestloytetltes dmt al area A
of the acti Vﬁomtn% ?loréao’ﬂlcsrﬁgﬁj-ﬂa(f 8d c%p%lY 46 co@dlng to the intended function
20 either to emit, absorb, reflect or polarize light upon being a activated by an
applied voltage or to output a voltage or current when stimulated by incident
light, or both, whereby the addressing of a pixel (5) in any case takes place in
a matrix-addressing scheme, and wherein the electrodes (1;2) of at least one
of the electrode means (EM1;EM2) are made of a transparent or translucent
25 material,
characterized in that the electrodes (1;2) of each electrode means
(EM1;EM2) are provided in a respective electrode layer, that the electrodes
(1;2) in the electrode means (EM1;EM2) all have about the same width w,
that electrodes (1;2) of each electrode (EM1,EM2) means are mutually
30 insulated electrically by an insulating thin film (6) of thickness 8, the
magnitude of & being a fraction of the width w, and that minimum magnitude
of w is comparable to a process-constrained minimum feature size f, whereby
the fill factor of the pixels (5) in the optoelectronically active material (3)
relative thereto is close to 1 and the number of pixels (5) approaches a
35 maximum defined by the total area A of the active material (3) sandwiched



16 between the el ectrode neans (EM ; EM), and said feature size f Y9006
maxi mum t hus bei ng defined by A/f2. 2. A matri x-addressabl e opt oePect ronic
apparatus according to claim1l, characterized in that the

optoel ectronically active material (3) iggn 5 anisotropic conducting
organic material wi th diode domains (10) contacting the electrodes (1,2) of
the el ectrode neans (EML, EM2). 3. A matri x-addressabl e optoel ectronic

appar at us agepidbR%hd 8|t AP deans EMZ)Z %ﬁd' $id 18dtukb8iR 31|
conducting materiral (3) . 1s agggp@g ated, light-emtting and/or photoelectric

pol ymer, whéR&pMumdhphpeing é(bf?*éf 10 apparatus can be operated as a
di splay or as a photodetector or both. 4. A matrix-addressabl e

opt oel ectromd.c appaatrixsaddressabla@ptoclettroniapparhtiusaadoordmeyita claithat, t he

appl ed vol ChgerWi2hEis AN o kb oty flve MAHF BTN AGE 20 o
as a di §pl ayaniskBrepicAomductingatgnersableriapyvbidode dnmampﬁh@)acmtaabngr di ng

to claim 2, 8'3%&10(; S (rqe\g) #)f?t}fehé‘ite &Bge%%%amhw 310) are capabl e of

out putting a curren WREN St cident I|ight, whereby
the matri x-addressable a arat s can be operated as phot gdet ect or

mat 1§ x- addr éhsabls AP AU ARIE oRipeleStrabIcdeRmaltAGaoraing ﬁ1a1m270
characteri Z%ateﬂ:téﬂ@éd 1ir|ilﬁl&ﬂh@&irgﬁﬁfcoébrﬁﬁicki)‘lgaﬁhte\tﬁllf’(B9¢§ aalon( ated a liquid
crystal material, whereby, the addressabIE at us, can g\ﬁfated
2’ di apl ay WaH-SRRTBEAYOr BBSGER G GO LERREr VRFF Volrematipddres?

el ectrage rra@@arz(tEMcanfberopmtedﬁag heligplhy iox-aaddplestedetertoopt bettect roni ¢
apparatus according to claim1, conprising a thin-film25 el ectrode |ayer

w th electrodes E?lnz%tﬁ&)-aiicﬁ'retsg@oc]teQ{p%é’lfecﬁaﬁiaé %@ﬁﬁﬁhls' &&Jrahf%meagﬁhfz cal

conductors, where I ng
surface of #hptaktetizedin rhat thealiade dprrzeens ( X argtcapadle pf entitting &ightt r ode

| ayer conprlvaﬁﬁlaa@éﬂa%dw @fagﬁﬁhg Wifal g whle?et%l &Féﬁx%@ﬁﬁ eﬁ_@}s%i)lé"" dth wa

and thi ckne rovid e ba kpl ane , the electrodes (Ea) of
the first s@ﬂDPBéﬂtﬁgcathﬂ?t acadisart by d| stance d equal to or greater
than wa, a second set of said strip-like electrodes (eb) with width wb and
t hi ckné§s his. prQMmwmm-mddﬂwsaﬂammgﬂeb&bmappdrat@ mddrdd@tdaa)mcﬁ, t he

first set an electrical ns d ther om b film(6) of an

el et i cal | OPRRFACFDE hdhheShode Fomalst €101 apheld'of oulplftinga
current or voltage when stimulated by incident light, whereby the
matrix-addressable apparatus can be operated as photodetector.

6. A matrix-addressable optoelectronic apparatus according to claim 1,

20 characterized in that the optoelectronically active material (3) is a liquid
crystal material, whereby the matrix-addressable apparatus can be operated
as display with reflecting, absorbing or polarizing pixels (5).

7. An electrode means (EM), for use in the matrix-addressable
optoelectronic apparatus according to claim 1, comprising a thin-film

25 electrode layer with electrodes (g,, &) in the form of parallel stripe-like
electrical conductors, wherein the electrode layer is provided on an insulating
surface of a backplane (7),
characterized in that the thin-film electrode layer comprises
a first set of said strip-like electrodes (g,) of width w, and thickness h,

30 provided on the backplane (7), the electrodes (g,) of the first set being
mutually spaced apart by distance d equal to or greater than w,,
a second set of said strip-like electrodes (g,) with width wy, and thickness hy
provided in the spacings between the electrodes (g,) of the first set and
electrically insulated therefrom by a thin film (6) of an electrically insulating



material with thickness 6 and at |east extending along the side e@%’?&Y%oé he
paral l el electrodes (ca, sb) and formng an insulating wall (6a) o

t hi ckness 8 therebetween, the magnitude of 6 being small conpared to the
magni tude of either wa or wo, with the gpaci ng distance d between the

el ectrodes (ca) of the 5 first set being wb+28, and that the el ectrode | ayer
with electrodes (ca, sb) and the insulating thin film(6) fornms a gl obal

planar | ayeinidrfaiGif] BRCkRES FaRA%L 1R exehdifg ORKRhESRI ddedst ol . 6.
An el ectrode neans ( according to claim 7/, cHaracterized 1 that the

i nsul ati ng waraldel(@aytrpdesvésan ep hand famingdusinsudgting walk(Ga)rafi théeknesad t he
10 el ectrod t fior: ' | ' f
msul at i ng. RagisPay Eon. E ARERRGAS BY o WU BRI COheded I ihBenippcl ©

el ectrodes (edther of, othw,f Wit theetpaging distanecet dpetueémeke clestrodies £s,)vofl theas

t he bagkpl [0t ' , t

el cct rofes. (u) “upeifp VAR Wh B SRERART) B it SBEHOUREH o8P 9L

portions (6ahe disulstingshimEilmn6)fgrmpiarglobahplapr dayerabahe degisede oreapsb)
t her eof covet\lﬁmn\?go{.lﬁﬁe bggﬁﬁgggggggﬁ%motﬂhe el ectrodes (sb) of the second set

bei ng flush e top he insulating walls (6a) as well as the
top surface of the electropdes of the, first set ereby. the el ectrodes
(sb) of the &ecortn §Lﬁ°t ﬁ@g ?ﬁé{{)gqﬁcolqgmg t_r?aclﬂﬂa,l%f%%s?lﬁﬁaén é“%tct rode
! ?yer W: th Qh@?ﬁ{lﬁ_ﬂﬁﬁg (v@a?usheéb)) t?étidfeéﬁ t?é‘%%’éo@%dd%@ (B 6f Eh’fé fifﬁ)sefrc] @hgltﬁcle( g: obal
pl anar |ayer o i ckness ha i'n the electrode neans on the backpl ane
(7) thdPeof clectrodese(cetp msm@sqtémmdw&oaﬁrﬁ te tfalrghmﬂé)&far acteri zed
in that the jgl@atingdfsterizd préPidedsinveldyedeovbanpabkRidnedgds obite nmade of a
t ranspar ent ?r t rans] ucent terial.
electrodes (sg) of the first set up to the top surface thereof as well as the
backplane (7) in the spacings between the former, and that the electrodes (g;)
of the second set are provided in recesses between the wall portions (6a) of
15 the insulating thin film (6) and above a portion (6b) thereof covering the
backplane (7), the electrodes () of the second set being flush with the top
edge of the insulating walls (6a) as well as the top surface of the electrodes
(ea) of the first set, whereby the electrodes (g,) of the second set have the
height h, = h, - 8, and that the electrode layer with electrodes (g,, €,) and
20 insulating material (6) form a global planar layer of thickness h, in the
electrode means (EM) on the backplane (7) thereof.

9. An electrode means (EM) according to claim 7,
characterized in that the electrodes (g,, €,) as well as the backplane (7) are
made of a transparent or translucent material.



