CT/ NL98/ 00341 having a unidirectional conductivity pe Bhiade® |
surfac DeviW@S¥#iadri sing a substrate and net hods t g 4 ch a
| 00 um[Such a .
device is known from WO A- 96/ 04585 whi ch di scl oses ] n active
matri x of electronic conponents, like thinlfil mtran5| stors and thin film
di odes, deposited on the outside surface of the LCD cell substrate. It is
to be obser veSJJbSMG haying Heu@dﬁp‘é@@abpommtlmmmﬂw@m foofts surfaca,5devices
expression "excl usi vel d|r of, RS endi Iar tQ ntended to
e arePyra B b t

i ncl ude devi FPTBREMER Vaéﬂ S Soromany P%tHn% B4 S\h‘ésira Mbr eover ,

the first and second conductivities differ at least by a factor of 1000,
but preferably much nore, e.g. nore than a factor 10[err]. US Patent
Speci fication 4, 61Tha Plescssiovérsion glaggsdox substeate diaving arvﬁrsﬁsu;facaamcba seeond

conduct 189 U1 8cks: B ARELL g ! RBAls AL 10 ot T, pvRgaty Being of &
wavel engt h b%&@ﬁa ofeP Eugt%ﬁd&nw%a]mﬁaéd Sifh PM%: gt ecaRGily! donahétaiy

5,438, 223 describes a rivet systemfor interfacial conneCtion of an
i nsul ating | agtmnmls whichnarel @«t&ndu@b*q}us:miyimw ditechian qreipindicBtar to thididirst and

electrically cond ctln par S, are Lied in Iest ansv rsel rou t he
| ayer and thel? 4 Endines ince sepant L pondugiyife 2% iy Targe

JP- A-08/14367ife aCJoh eawﬁga&r QBLEAtE BEing' r@‘gﬁ@&%thbét 1@&%5& tol R8O BR Uthier

material on an electrode e electrical uctivity in a direction
per pendil€@ul arodeooft the fsstrafnﬂcsecmfd funfaced) eattactmgnatdeasy baabﬁ |sa1tl hehanrehe

el ectrical 30 cqQn uct ire o) e surf of .t he
Sheot | Powever. t nougadiice s kjown fore W rArobRSe s S ke oy LB it
surface i's ingf heyas tn)@foflakawdm ofoniid, Clikd %hmeﬁ}fn'@aa&sﬁlﬁg s idhdt fiftn film

sem conduct or range. US Patent Specification 5,272,217 describes the use of
ani sot r opi ¢ pdiodess dspasited enrthe SMENDEI{SidEE Tthe LCD cell substrate.

It is to be observed that for the purpose of the present invention, the

15 expression "exclusively in a direction perpendicular to .." is intended to include
deviations inherently due to the production process used. Moreover, the first and
second conductivities differ at least by a factor of 1000, but preferably much more,
e.g. more than a factor 10°,

US Patent Specification 4,613,351 describes a glass material in which parallel

20 conducting tracks are applied in a predetermined direction. The tracks are intended to
deflect and detect electromagnetic radiation having a wavelength between less than 0.1

pm and 1 mm.
US Patent Specification 5,438,223 describes a kind of rivet system for

interfacial connection of an insulating layer with an electrically conducting material.
25 The electrically conducting parts are applied in holes transversely through the layer
and then thermally riveted.
Japanese Patent Application JP-A-08/143677 describes the production of a
sheet by depositing gaseous material on an electrode. The electrical conductivity in a
direction perpendicular to the surface of the sheet is much greater than the electrical
30 conductivity in a direction paralle] to the surface of the sheet. However, the
conductivity in the direction perpendicular to the surface is in the order of 10° S/cm,
which is very low and in the semiconductor range.

US Patent Specification 5,272,217 describes the use of anisotropic polymers in
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2 a sheet. The conductj.vity parallel tothe surface of the sheet of the
pol ymer i swauesis7asgher H@Slﬂemggﬁgclg(gt ivity in a directi orPGIANIASMH834dul ar
to the surface of the - - &I at hi otetracene conplex is nentioned as
one of the polyners usEil M@HMG of a "stack orientation" in which
el ements of very small di nensi fe groubed head- 5 to-tail. US Patent
Speci fication 5,556,706 al so describes particles of very snmall dinensions
whi ch are or aesheesd The xdndustivity |paraileh taltheesirfage of dheashast of dhe pelymerfiageudf a
pol ymer sheet, .The sheet | roduced by depositing,a gaseous,nmaterjal, on an
ol ettrode.  Huigber St e sondpehaty 1 g Arketion’ ppendlces 0 bR SeFaPe of (the sheet
parall el to e iSiHthidffratine!ddtplék is maltRAtd b8 bt sHlREsRBd. Use is made
per pendi cul ar thereto after production. US Patent Speciticatlon 5,229, 635
descri bes a dfai'staclandestatent"hodwhith elements ofgvery small ndinkensidnsnaratgsouped head-
head-to-tail under the influence of an electrical field. Said patent
speci ficati ot 3i med at achi evi ng an electrical conductivity in a
predetermined diregyi pRepaiablifibaton 55863061 268 RbcAfR plieles VAR Nmall
light can be 15 converted 1nto electrical power wth the sheet. “Japanese
Pat ent Appl i dahersiond SVRIOH GbS oriested iHead-taatailahhe slireetidn paraldéli hthie Ssupiface iofl ead
with small conducting particles. Prior to use, the filmis non-cogucti ng

because the POHEREEEheRy bag sheet isspraduced by depositing a gasepps mafsiial oA pHelscirofife
filmis used Cd . er. | a
subst 1 at o. - pAISGAR, GRS LRE DAHABER iy bR Paralir'd Bk ApHCof e 0
the dir¢o0ti onhedt thdmcinsdis¢ctioh perpehdictlar drekdty aftanplodadtion. connecti ons are

produced between the termnal pins of the |IC and_the conducting particle
inthe film As a U&BP@%&%W@&%@% 5@4?3,@& #Fwalbesm%sdcmcpnﬁ%owne%aéi t
t he substrate,..a:c ' b Sy 'rﬁﬁﬁe t,he i

pi ns and des?’?%:cmé‘ gg#f%%g?lﬁa@%ﬁghgﬁlﬁg@l%c gqﬁlt eﬁgfggta?a?%&hg%l 1’? 1(c)l'se
poi nt's wher e Sahdkrmtéd® speciicetiorn ik Caitmedmiah adchjzving, ahheletfricah rendhictivity in a

non-conducting. Sim./l ar adhesive filnms are disclpsed jn US Patent
Speci fi cat i orPredeferm 5d5mil°slaa%rﬁﬁ etopiice %ﬁp?ﬁp g ﬁ%ﬁt-sﬁm%péd@harﬁan be
05/0112§3. Fi(%g%&é? iﬁ{b%’l’écth@a&%o%f%ﬁlﬂtﬂg% tic way the structure of a

conventi onal he centremdst of the three |ayers shown, indicated by
t he reference nunelaphnéde Blent Applidatien @)8/005658 |dayoerbes Bini adhiesive Ufiltro wwideld ion
either side by two control]ing |layers 2, 2' . The controlling |ayers 2, 2
nmust be sit udtrevided vath, small condy ppidicles. Prigr Sptuseathe Sy is n°“'°°nd%°tmg

because the conducting particles are not in contact with one another. The film is used

to make a connection between the ferminal pins of an IC and a substrate. Because the

20 terminal pins of the IC are pressed firmly in the direction of the substrate, electrically

conducting connections are produced between the terminal pins of the IC and the

conducting particles in the film. As a result of pressing the terminal pins firm enough

against the substrate, a conducting connection is produced between the terminal pins

and desired electrically conducting tracks on the substrate. At those points where there

25 are no IC terminal pins, the film remains non-conducting. Similar adhesive films are

disclosed in US Patent Specification 5,213,715 and Japanese Patent Application
57/111366 and 05/011265.

Figure 1 shows in a very diagrammatic way the structure of a conventional

LCD. The centremost of the three layers shown, indicated by the reference numeral 3,

30 is the optical layer. This is surrounded on either side by two controlling layers 2, 2°.

The controlling layers 2, 2’ must be situated as closely as possible to the optical layer

3. In essence, there are two types of optical layers: liquid crystals, which orient

themselves under the influence of an electrical field, and light-emitting layers, which




e

3. In essence, there are two types of optical layers: liquid crystals,
whi ch ori emo e8mIR%e |-y 5 JditileBech R@lcedl | uence of an el ectri caPCT/N&PE0034hd

light-emtting | ayers I L ALAlemt 1ight under the influence of an
jﬁ mljlﬂ | ayers di ssi pate power during operation,
rgy sol2ly for the purpose of

electrical current. L
while liquid crystals
orientation. Light-emtting naterials are, for exanple, LEDs, |aser diodes
and el ect r ol emihlghtevndendheinflieace of an electrical cumpets d.ighttemittingdlayerghdisdipate
enpl oyed, polarization filters .are.in,practice.al so neede ali
ol ar | 2at | on PEPEF S RRErEdTh Seflrticuld PRRRiSsipae Enerey salen o7 b epmose of
more detail RgjaiafRaYsghiletnting’ tnalétialf ark/THOY ¢ 1E,OLEDE Pis&SSdiddes. an
i nvention. However, whefe necessary they can in fact 'be used. The optica
::ayer Bdelnerebdggpltmdnq:mexﬁanatemlee :ayers if ?.’ 4", ajstsh;)v\n; in éLg i
igure 2. In addi n, supporting l.ayer : are.sityated on the outside
of the céntrolli ngW‘SVeW%Z light s c?é‘f?i‘?)%?pi )P°L"ﬂzﬁté?’b(fﬂ?e&°yéfe an JUAHGesalso 4
| i quid-crystal.. -4 ' ngg&r r | . :
irregul ar di gieg%é?g;s%}dnagrréﬂ%ér\t trl 0 egpa%l ? ﬁder&t ﬁ%&: %gﬁéaﬁ?flﬁ%u rg%gér glshfaéséfnbg% Hé
predet er m nednelies tetait ehdre obaceuse ¢ieyt mer noflted pmportanye ffoncthe opresdnt t inwentiorer s
4, 4" is to facilitate the orientation of the liquid crystals in the 15
same directi J'FPWW%W%‘?’WP%?SS%@VY% 1p A8 deawedi n preventing the liquid
crystals from bein Al iy ']mﬁ;f ' uchgag, t ﬁ’cﬂ&’n
i ndium out of theggﬁg’ghg%po?%ﬁ?tgérﬁﬁfsalg,%. _ ?nﬂﬁeﬁgﬁ”? e&’I Ga’ygr’sész,s ikl
provi Fle 18{1 | IRigtret Q.P@lfe;ﬂdirtunlorsagﬁdrﬁngdajtmml 1,i by ak?%s&uae&%o&;th@@mmides?f ther
exanpl e, transparent nmateria ich contains a pattern of, faor exanple, .
paral | el , |i Konfreling layss r?'alzen?h‘-’c‘éﬂ‘?%@t' Situatedrlayeng comprisgs,a |iquid-ceystal Jayes in
in the contrgl.lj - bi 3, %@r ; | ar
to the trans p‘girntlta:!rlr'tg Ea cgas?gﬁ%%u%gﬁdggg? g‘rﬂéns |b¥1 t co‘%%lra%‘% ?ﬁgyrﬁgytgﬁfe%ﬁ r{ﬂ%bwlr)]g
such patt er nsinsulatégt tayessl 4f delatisa prdetermiped edisthwet frond eae randthensThe @rinary

transversely or at an angle to the liquid crystal 6 layer, as a result of
whi ch the crylngton %theh'gwrﬁdm‘*d 1¢ 19, §3caltate thg jorignigtipn o the dignid gystalspin tge

poi nts re Lhi.Su0C6HELS L O LAy
po 1 3 S Se bl EAabadSy e AR e BEGRESwa om
shown i n Fi guseing cortirainatedtbyoinigraigon of ions, such as tin and indium, out of the conductor

patterns 2, 2°. Finally, the layers 4, 4’ provide an insulating function.

The controlling layers 2, 2° comprise, for example, transparent material which

contains a pattern of, for example, parallel, likewise transparent conductors. The
20 parallel conductors in the controlling layer 2 are then situated, for example,

perpendicular to the transparent, parallel conductors in the controlling layer 2’. Using

such patterns, electrical fields can be generated at desired positions transversely or at

an angle to the liquid crystal 6 layer, as a result of which the crystals in the liquid

crystal layer 6 orient themselves. At the points where this occurs, the liquid crystal
25 layer 6 becomes impenetrable to incident light.

In the conventional structure of an LCD shown in Figure 2, the controlling
layers 2, 2’ are situated inside the supporting layers 1, 1°. Such LCDs can be
transported only when the supporting layers have been applied. Without the supporting
layers 1, 1°, the LCD structure would be too vulnerable. As a result, it is impossible to

30 make changes and/or corrections in the controlling layers 2, 2* after the manufacture of
the LCD.
~ In addition, before the controlling layers 2, 2' have been applied, it is

impossible to carry out checks on the correct operation of the liquid crystal layer 6.
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| ayers 2, 2' are_situated—+instdethe supporting layers 1, 1'. Such LCDs can
be transpomcesi/amlsy when the su po ting |l ayers have been aReTVNichs/60¥4d hout
the supporting | ayBws$hept Has Been o structure would be too vul nerable. As
aresult, it is inmpoREEd uﬂl “ make changes and/or corrections in the
controlling | ayers - fille manufacture of the LCD. In addition,
before the controlling layers 2, 2' have been applied, it is inpossible to
carry out checks dviofebeercthe rpraductipe ryagld cof DEDS heecdriimgi to theyiatomin btaytureGis

4 Moreover the production yield of, LCDs ac or%in o the known structure is
low. A high m-cénhlggézer@a%gm HCiRSF anetkaghar G945, oes TRbmesh dhe Faguirements
requirenments . e sold. A standard nethod of orienting the

mat eri al of ?ﬁdég?‘%‘gﬂpg%?lﬁ'g | ayers 4, 4' 5 horizontally is the so-called
"rubbing" or frictA etaldaid emthodndf oHemngethe hetariabeftthe ooulbtixgd ldyegs Mayer s
2, 2' in the_ conventional arrangerrent are applied next to the 1nsulating

I aygr s 8 4'h,h°1timl}’| is thepsogtelle s"Ruhgin&{fa‘PFa@'é’t{OBalsE?mé@fntHQWqVie’hgcha‘}sér thg
110 kg S O SR S SEESE 8 e

consequence ctrici as a resu ypes.

damage. 10 insulating layef$1@, dqnethere! isi nBighayskr 6f damake R QidieoeFailihy 1oRrsRd

of indiumtin oxide structures and/or thin-filmtransistors and/or )

net al /i nsul agiung the mbbingy Fbis arises both/asra wepwtief dischorga a5 @ conssqeance of stalig as

i nsul ating | . ae Hi e sed during the process for
YeSkicty.ae g RS SORRECBLTST Bl

appl ying the ayer, IS alr additional hazard for the

satisfaggory oper afieORofrollilg lajdrs-4,i bmdré zbﬁbﬁtlyr@mﬁdéed of indium/tin oxide
metal /insulation/metal 15 = structures and/or di odes, The devices
di scl osed i nsistpres g/ gthin-fiire trangistoss Apdie metal/insulationdnetal syetured and{or

par i1y sol ve TSP IV ARELIE ofEh 3G, A Fpflink et 005 THlet MR, oft unct®

partly sol ve ens relate ventiona

However, sti ldurifig ded processdbr applyivip dhenlast-meativied gk, whiek tis a6l additisna Hazidd
on the inside surface of 20 the LCD cell_ substrate according to this

prior art dodeinthe satisfrcsaryi opegationl ok the thisdim haesistersn thet metaldnsuiptionmatale
mat ri x 95 th%trﬁ&ﬂx?eis%dfai d}éags_surface by nmeans of thin

The devices disclosed in WO-A-96/04585 referred to above and which are

provided with active matrices on the outside surfaces of the LCD cell substrates at

least partly solve these problems related to the conventional LCD design. However,

still a pattern of individual, transparent electrodes is applied on the inside surface of
20 the LCD cell substrate according to this prior art document. These internal electrodes

are connected to the active matrix on the outside of the surface by means of thin

conductive leads. Each internal electrode is connected to one single thin conductive |

lead, whereas each of the thin conductive leads is also connected to one of a series of

conductive leads applied to the outside surface of the LCD cell substrate and
25 contacting the active matrix.

No manufacturing details with respect to producing the thin conductive leads in
the LCD substrate are given. No other production methods than multi-mask steps
vacuum technology in general is referred to. Therefore, the suggested method of
producing the devices of WO-A-96/04585 necessarily includes extremely difficult

30 alignment steps for properly aligning the thin conductive leads through the LCD
substrate with the internal transparent electrodes and the external conductive leads.
Especially, it seems difficult if not impossible to transport unfinished LCD’s to a

customer without having an active matrix on the outside surface of the LCD substrate
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conductive | eads.—Each—imnternal electrode is connected to one_sin
conducti ve W‘éaﬁ”‘vmﬁr eet}ﬁsaﬁeen fLhe thin conductive |eads PET ’5159%003“
connected to one of Monduct i ve | eads applied to the outside
surface of the LCD c émand 25 contacting the active matri x.
No manufacturing det ect to pboducing the thin conductive
| eads in the LCD substrate are given. No other production nethods than
mul ti - mask stﬁ@éslea)‘@ctﬁdmtb@@wﬁ@mrg;ﬂ apply dhe pefive matrixf en rthel outsideThrfagé mfe:he

t he suggeste roduci na t he Vi ces. 0 A- 96/ 04585 necessarl
i ncl udgg ext | ngta?“r f'gu?'fesg%" nce &’F‘géﬂﬁéﬁ?dss&%ﬁ\g U Jpdug 6 1595 megw
the thin condiggtyegblk &30sp gt;h e AediR@ AdeeSMbBRKXT B ‘fafdget %@aﬁxehﬁhﬁﬁnﬁle thin
transparent el ectrodes and the external conductive Especi a

seens di ffi cuiondudtivadeads throsgh Bicssubgrate. ansport unfinished LCD's to a

custoner .wi t hout hayvi ng an at Ve trix out side suyrface of the LCD
subst r at & and | Q?/Bﬂmmf(? Fﬁ'eof:[}get t’B"%‘g‘BP)}sttﬂé’r%‘E £ ReSubstratexwith at he

out si de surf
Wihout unduc abens SREnbiss e aRetilcodfls pRIERAMIL SR 1hdl oo ftRfiRr o
active matrixts surface;aad ablbwgrg’rdactnmlt @mbalmtbanweﬂnwmhstvmel elagificithlead ghd

the substrate %Aﬁ {W’f f the invention is to provide a device
for displayi ntBeie]r?PB? Vit ‘Pt“tcf’ Hggmenbprocedyresahi ch can be transported to
cust omer t hout tgr egessari .
us S Wi ut fhe @n gdrpﬂﬁé & @uﬁ’sftrafé)rgfr %é J?get |ﬁ%¥§%or%0\8/| %te tha" lohtbet s

al ready having been appli on 'the substrate an I ng cus oners

with thd0pos snﬂardctdrryed m thpipthy at heastpatet edeatrodé hao atpraletarminedayimimuMndimension

| ocations desired them tb@ i) undue ,costs and _conplexity. A still
further objedP ao?O } €3 anf dhatqawuglflistynces &ebteepw&qspw o6
of such devi n t

device for dlctglgl zli‘g/tlglrlt Qf X Srrm n%last grgn%ggﬁrpmr%ﬁssﬁiggﬁ g ‘ﬂ}iﬁ' &l#&% Sl%bso(? %ﬁ %ylggﬁwﬁe

extends in o rﬂeqﬁtoda.eTbamd no snattenwdesdthefat deastdrer ¢ledtrodh ds eomiadtingathe Bhlsyd@td it €S

vary under the, f EI uence of an external electrical control .
will always contact at least one of the channels. This greatly reduces alignment

15 problems.
Preferably, the mutual distances are at most two times smaller than the
minimum dimension of at least one electrode.
Even more preferably, the mutual distances are at most ten times smaller than
the minimum dimension of the at least one electrode.
20 The plurality of electrically conducting channels may either be distributed in
accordance with a regular pattern or randomly through the substrate.
In one embodiment, the mutual distances are smaller than 3.5 um.
A further object of the invention is to provide a device for displaying
information, for example an LCD, which can be transported to customers without the
25 pattern of conirolling layers necessarily already having been applied on the substrate
and still providing customers with the possibility to apply the pattern of controlling
layers on locations desired by them without undue costs and complexity.
A still further object of the invention is to increase the yield of the production
of such devices.
30 To that end, the invention also relates to a device for displaying information,
comprising at least:
- a first layer which extends in one plane and is composed of a material whose

optical properties vary under the influence of an extemnal electrical control
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systemin such a way that either the transparency of portions selected with
t he el ect r wads/soRast r‘msshepsmaemenﬂcgldaei first layer for |ight RGTEVIER8ARP34 her eon

varies or portions se e electrical control systemof the first
| ayer emt light; - nd a third layer which extend
substantial ly paralle are 56 situated on either
side of the first |ayer and |rrpart to the device a certain desired

rigidity, at |eastsystem inf siche wey thadl eithet thhitradspasepey of Ipeitivms pelevied evithnitteh
at least one electrode and with el ec rjcally conductjng channels which are
conductive excl usﬁ}@t?cq?rf’oé‘trﬁﬁ systam 9 db"e?‘ﬁ%ﬂaY‘?fJgéﬁlghb“ﬁf@“blﬂEﬁ@“ waieg oft

| east one el ect ro%rﬁ+rf‘s0§eié &fa'»b gcgﬁéd"%oﬁ’trr ?téfn &*(}ﬁe (ﬁlrstsl e‘ij ﬁﬁ@ﬁ@ﬁ

10 [err]said east one e ectr rm ne §iven

in the contact arefssvohdh andiadthard lhmsﬁhld-nexﬂeﬁd tsnlitﬁtasxaaldmflarand n‘ohhé@ldmyefds,
and utual distances between, adjacent ones of the gl urality of channels

smal | er $han sai d siuateduen Githernside pfthe disy layer jap §{npéﬁet°e1béc‘{l$’éf&ea certpigy r |
Such a structure f16d.e [ r

custoners 15 viPrEhPelly” B ebirdioddad Secfia M Bildables HeBBRBUES Wi
al ready been appl |adzeaélihene:@Muﬁa@ranaa\wlerﬂ&tﬁ@aﬂybmrﬂlﬂaﬁnge@hhmdsh%mhwmr
hi nsel f on the outside of the second and/or third | ayer, The conducti ng
channel's in the seeAFdBCtRISAPRSIUSIYEY in Rodieactiom darPsRAicwiar fhthe plane| sid at Js@lst

vol age and or our Gl 9B BRRHY WP HSCLEER Y R EpHEeT
channel 3020 charagtefizéd€in Cthas &daid Qg eleher ohéd @echib@e Shdsuat ﬁx‘édetbﬁﬂn@d eﬂtrﬁﬁm{nhe
resolution will be. A further advantage is that, if the pattern of

conduct or s | Simeesienin thetqoptagharen axith @914 Hte]eé%tro@étoﬁ ithe sa¢onrd aed thiedjlayersi end

pattern can [ eV

di scar ded. Af Jantu%D ﬁ?mgfgemeteg i? ccan e °l§§§? %Z\gghtgg&n&%&r&?\fl aﬁgr
appreci ably |tﬂﬁf mmhiﬂmmrdﬁdmsﬁormsf saicdchtdeas? one electrode. The devi ce
according to the invention may be a conmponent of an LCD, in which the first

| ayer is adl i qui d- Sughsa aﬂmqhéryéras spiisient Bgidifytta bsphlectodetransportaghio usiomers
(ot 1 ayer aVRATERE PlmBRg fertsly SRoBE BN ibd alrthdy YhCurbfita, TFe

materi al . Saidbnbudtor pattefnsséanl bd appied hyyhé)axstﬁmdrhmnwfraﬁ itlge OuitsideBe theCsecymd,
depending on the desired use. Nematic
and/or third layer. The conductmg channels in the second and/or third layer then

ensure that an electrical voltage and/or current whose positions are defined by the
pattern of conductors is transmitted to the first layer. The narrower the small channels
20 and the closer together they are situated, the greater the resolution will be,
A further advantage is that, if the pattern of conductors is not correctly applied
to the structure thus defined, said pattern can easily be removed without the device as
a whole having to be discarded. After removal, the pattern can be applied again. This
will appreciably increase the production yield.
25 The device according to the invention may be a component of an LCD, in
which the first layer is a liquid-crystal layer, provided with spacers and in which there
is situated between said one of the said second and third layers and the first layer a
fourth layer which is made of an electrically insulating material. Said liquid-crystal
layer may be of the nematic or smectic type, depending on the desired use. Nematic
30 liquid-crystal layers require a continuous drive in order to be able to have a memory
function. This requires suitable electronics, comprising, for example, metal/insulator/-
metal structures, thin-film ftransistors, diodes and conductors. Smectic liquid-crystal

layers have a spontaneous memory function.
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30 | iquid-crystal layers require a continuous drive in order to 3 abl e
to have a rW@BE72ihisShetHas BtsnBenlasedyi res suitabl e el ectroni EET/N(':‘BWPSHSi ng,

for exanple, metal/i AR i tal structures, thin-filmtransistors,
di odes and conduct or I uid-crystal |ayers have a spont aneous
menory function. an al ternative, sflch an LCD may have a pol yner
di spersed liquid-crystal layer as_ first _|layer, a fourth |ayer which is nnde

of an el ectrical | yAF fadltgmatiyensichr i LCh sy have mpelymss digpsrsed digidspysigt
t he second ang, thi.r ' |- L3St r - [ £ i yve,
t he device agg%e&%snfgs{ %*?‘%Z“ ﬁ%&gf\i eg r;'{' %é}?\; léﬁé%so |f g‘ﬁi%&é'f “’%ﬂyg gE\{I%tgr]:g {nﬁg&fay
first |ayer ejidgsituattdtbetinétdrsaidiénd off theeevad ahd aliir® layeis'dnd sald fishlayer he
device according to the main claimof this invention defined in this way
and according to tAsa/firtheneliernative; Beedeviceaacewrtinghionthe dnvantian camfoerdesigaad
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appl i ed 00 satherefore of mirde ssial stapdarddarhaiot Hnr ah |apphication-dshendsab whyc t Thig

| ayer, to the, outsid f wWhich transparent electrically conducting | ayer
has been appl ﬁ“@’é??seédﬁﬁﬁ X%@W 8@%&?583%@886%@“@ ectroni c paper. 20

In the case of thegeyheapplaation bt 609 Gaiddordel dilthe S84nA%ndlthird 2a4RFPbGt also
| aser, can be provided to generate a |ight beam for exposing prédeterm ned

| ocations in theeothdrowild drave atnatigrnl efyelecirigu clonduatersiveich oy suchathhtathereléntrienl
di spl ay. The devj ce .defjined above which i rovided.w th a, photoconducting
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In one of the embodiments of the device according to the invention, there is

applied to said one of the said second and third layers a photoconducting layer, to the
outside of which a transparent electrically conducting layer has been applied. Such a
device can be used as electronic paper.

20 In the case of the device last mentioned, a light source, for example a laser,
can be provided to generate a light beam for exposing predetermined locations in the
photoconducting layer. Such a device forms a laser-beam display.

The device defined above which is provided with a photoconducting layer to
which a transparent, electrically conducting layer has been applied can be used with a

25 laser for manufacturing a mask for photolithographic purposes. The advantage of such
a mask is that the locations which are or are not transparent to light can always be
defined again without altering the position of the device. Such a mask can therefore
advantageously be used in photolithographic processes, because not moving the mask
benefits the accuracy.

30 The device according to the invention can easily be provided with colours on
one of the surfaces by applying a photosensitive layer to the side of the device at
which the other of the second and third layers is situated. The locations at which the

layer has to remain as a coloured layer and those at which it has to be removed can
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25 | aser for manufacturing a mask for photolithographic purposes. The
advant age WO $URTR26a ek shést Hd9BEen REBackdCat i ons whi ch are orPGR/BLISMO34]

transparent to |ight cap H" it J§if i ned again without altering the
position of the devi ce.DmﬁDﬂEﬂBman t her ef ore advant ageously be used in
phot ol i t hographi c proce AL, not ndving the nmask benefits the
accuracy. 30 The device according to the invention can easily be
provi ded wi t theposasily be slefineds With thpaids of £xpasyrebyroegsiuresi ang cheplicd deeslgpmente
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LCD having a.l a\ﬁer structure according to the present invention; Figure 4
shows an al t 88 PERECHONSt r ucture for the | ayer structure of Figure 3; Figure

5 shows the appligakhen gowd 4 Hﬁgltaﬁﬁﬁ%tfchg&g (Jfaay&rfxvéﬂio‘ilgleLéﬁVi ce according

15 to the inventron; Figures ba an show al ternative &nbodi nents of a
devi ce H&cording tKigodee? showsrthe dayensiradiureaf sbeonvetibnaLEDaatgremércdardher and

ivent  on't o whi IFEUECD APEE R HES Mo 2UppMREHTS AScording lo. the Pregeates
8a, 8b, and §gyeaheyy di agrammatically the structure of an el ectrode and

Figure 4 shows an altemative structure for the layer structure of Figure 3;

Figure 5 shows the application of a light-emitting layer in the device according

15 to the invention;

Figures 6a and 6b show alternative embodiments of a device according to the
invention which can be used as electronic paper and also as laser-beam display;

‘Figure 7 shows a device according to the invention to which a coloured layer
has been applied;

20 Figures 8a, 8b, and 8c show diagrammatically the structure of an electrode and
| a layer which is provided with a pattern of conductors, which conductors extend
exclusively in a direction perpendicular to the surface of the layer;

Figures 9a, 9b, 9¢, 10, and 11 inclusive show alternative methods for forming
a layer such as that shown in Figures 8a-8c;

25 Figure 12 shows the use of a layer as shown in Figures 8a-8c as printed circuit
board (pcb).

Figure 3 shows an LCD in accordance with the present invention. In the layer
structure according to Figure 3, the controlling layers 2, 2’ have not been applied
directly to the insulating layers 4, 4°, but an additional layer 7, 7’ is situated in

30 between. Said additional layer is formed from a material in which there are conductors
directed exclusively in a direction perpendicular to the surface of the layers 7, 7°. Such
a layer 7 is shown diagrammatically in Figures 8a and 8b. The layer 7 is therefore

composed of an insulating material 20 which contains small conducting channels 21

e e g e ¢
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a layer which is provided with a pattern of conductors, whi tors
extend exclV¥9Qi%ET26in a direction perpendicular to the surfgggﬁ@gg}#%é‘?

| ayer; Figures 9a, 9b, 9c, 10, and 11 inclusive show alternative methods
for formng a |layer such as that shown in Figures 8a-8c; 25

Figure 12 shows the use of a layer as showd in Figures 8a-8c as printed
circuit board (pcb). Figure 3 shows an LCD in accordance with the present

i nvention. | rivhigk extendr exalysivalyiria aclitedom pemsndicylar do Fhe t fuefaco rfr thiel laper.
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but an addit i%ﬁéﬁfa‘al%yé"ﬁ?@e??’?ﬁl‘gﬁ*%s ?%}’_5{ 9 o § Smahe?‘(ﬁé‘&ﬁ‘.‘“ggﬂ‘ﬂ%ﬁ&d?! | Bhial
layer is for rpghspdren erher&:t&rslseéﬁdmpmeoémmha{aﬁnagQl%ﬂqﬂet&ﬁtﬁaldép’aeﬁg%# the
exclusively in a direction perpendicular to the surface of the l'ayers 7,

7' . Such a | asyaall changels Bdwietedmimgr themesolutiahlof therdévicpuineshigh thenthy8b7 1T heed.

| ayer 7 i_s therefore cogposed of an ipsulating.material 20 whi.ch contains
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and is provided wth a pattern of electrical conductors exten

per pendi cul arlotatidnhEigrrafle shaowsthei deatigpde 42 at tlepgredéterneheat tdcatgorf. Ahet dlectiody er
a material which hg{s a gre et%rﬂ'ane original co ductiy'h;tﬁ whi ch can be
changed by i | $umM3havegny [defired shang Howeyerom apc Withithe dnvration derge ps 2
provi ding a nREKioBshid Netl e the (dMBeBSK JtaMien ugal i Qin% an
whi ch are no%#lggsﬁgrent to tehelrgdi at idgn, ei eﬁrrr@r?a??n%ﬁa{ﬁgé rrr:i;{lgtlrgm\/\/lt1 the

radi ati dif, tebetweat adjacenh ehdninkls #ilnsuch dimt avedmatesrovtieng elebieodendX contaste vaer 20he

mask will have tqQ b recisely aligned with the electrical conductors to
provi de a goold Wﬁh @gxg&soﬁqntact QQ%/ gno channel 21. This reduces alignment problems

PCT/ NL98/ 0034%5ri%u¥1’9i ch extend exclusively in a direction perpendicular to
the surface of the'layer. Preferably, both the insulating | ayer 20 and the
smal | conducting climcasel decddard@ hasanrepangiisr. shipe asrshewn se figueen8hfwith evidth

smal | channels 21, and t he put yal aci of, the
f) and 6}ength r}.,, Eu> B, thisspcondri]t?on is met when the mutual distance between

15 adjacent channels 21 is < D. To be sure that a good electrical contact between

electrode 42 and at least one channel 21 will be established, preferably, that mutual
distance is at most 2.D. Even more preferably, that mutual distance is at most 1/10.D
In the arrangement according to Figure 3, the layer 7 ensures support, which
support was provided in the arrangement according to Figure 2 by the layer 1. In other
20 words, in the arrangement according to Figure 3, the controlling layers 2, 2’ are
situated on the outside of the device. The controliing layers 2, 2’ are therefore applied
later than the insulating layers 4, 4’. The high temperatures occurring during the
application of the insulating layers 4, 4’ and the high electrostatic voltages occurring as
a result of the "rubbing" procedure of the insulating layers 4, 4’ therefore no longer
25 have any influence on the controlling layers 2, 2’.
Electrodes of the conducting pattern inside the controlling layer 2 are
connected to the small channels 21 inside the layer 7.
Figure 8c further illustrates this. Figure 8c shows a cross section through
insulating layer 20 with conducting channels 21 above liquid-crystal layer 6. Here, the
30 mutual distance between the channels 21 is much smaller than the dimension D of
electrode 42. A voltage applied on electrode 42 will be transmitted, as it were,
perpendicular in the direction of liquid-crystal layer 6 and be present at the terminating

portions of the channels 21 at the interface between layer 7 and layer 6. Therefore, in




smal |l channels 21 determine the resolution of the device in which the Iayer
7 is used.wb 98/57226 Fi gure 8a shows a perspective view GCIYNIFOWE ng

| ayer 20 with channels 21, and an el ectrode 42 which is to be connected to
the layer 20 at a predeterm ned | ocation. Figure 8b shows the el ectrode 42
at the predeterm ned | ocation. The el ectrgoge 42 may have any desired shape.
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bet ween | ayer 7 and | ayer 6. Therefore, in
Figure 4 shows an alternative to such an unfinished LCD structure. In place of

the liquid-crystal layer 6 having spacers 5, the device according to Figure 4 is
provided with a polymer dispersed liquid-crystal layer 8.

20 It is obvious that one of the two layers 7, 7’ can be replaced by a transparent,

completely electrically conducting layer also in the arrangement according to Figure 4.

The devices according to Figures 3 and 4, or the variants thereof indicated

above, can be provided on one side thereof with a light-reflecting layer. This produces
light-reflecting LCDs. Light-reflecting LCDs provide a more natural viewing
25 characteristic, are less tiring and are superior to conventional viewing screens in the
event of increase in the illumination level. Information presented by light-reflecting
LCDs is also more readily absorbed by users than information presented by transparent

LCDs and/or light-emitting LCDs.

Figure 5 shows a device according to the invention in which a light-emitting
30 layer 11 is applied instead of a liquid-crystal layer 6 having spacers 5 or a liquid-
“crystal layer 8. Said light-emitting layer 11 has the property that it emits light at those
locations at which an electrical voltage is applied perpendicularly to the surface of the

light-emitting layer 11.




10 an area indicated by "A" in figure 8c a plurality of channels pr {ant an
el ectrical WoP#¥3& to the liquid-crystal layer 6, thus forrripﬁa”ﬂ”&f"ﬁg of
virtual electrode. Therefore, there is no need to apply an additional .
el ectrode in area Ato present the voltage to liquid-crystal layer 6. This
facilitates the manufacturing process of lilquid 5 crystal display

devi ces. Mbreover, | ocations where vol tages need to be presented to
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Is situated, a user c(gn a)gply a transparent conducting pattern according to
hi's own desi gASCTRCHM Uspia hows an alternative to such an unfinished LCD
structure. In placgnefrefehict nfiiefhis In/ fetdevic®YREorinp2d FigufR e &b hivitihe
device according to Figure 4 is provided with a polyner "di spersed

| i qui d- dilyst adameameanifig a®{n the preceding figures. A photosensitive diyeo 9chas fbeem epplied to

| ayers 7, 7' can be replaced b transparent, conpletely electrjcall)
conduct i ng Ia‘&@ga%ﬂr o‘AE H@W@reﬁr’r "r?&é‘f?@ﬁtw&g‘&%‘l“&ﬁﬁ%g%tlﬁ 1B ‘i‘tg‘?ﬂ.“t Quﬁé\?i@es
according to frkGmbRRensitidager @7 the variants thereof indicated above, can
be provided on one side thereof with a light-reflecting |layer. This
produces | i ght - r ef Thetdenipel2CBordinlg hFigneef 6z opératys laCBsliqv s Vildedexiarois eexposed
natural view ng,. 25 characteristic, are lLess tiring,and e syperiaor to
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| i ght - emi tti nbedofiEs. cordyeting. SAts hoss painde wheee aocbghti isgintident) dhé photusensitivien
which a light-emting, 30 . layer, 11 is applied instead a .. .

| i qui d-cryst a‘aYF’aééF DS AR W@“lg%éc‘& ghoge QPB’ES V"?‘ﬁrﬁi ldé‘ﬁ%“ Paqls and is interrupted,

the insulating state returns. The electrical connections between the conductors 21 in the

layer 7 and the electrically conducting layer 10 are thus defined, as it were, by means
20 of the photosensitive layer 9. A desired pattern of the electric field in the liquid-
display layer 6 can thus therefore also be defined by applying voltage to the
electrically conducting layer 10 and the layer 7°. If the liquid-crystal layer 6 is of the
smectic (ferroelectric) type, the image thus recorded will be retained because smectic
LCDs have a memory function even if the voltage is switched off. If nematic LCDs
25 are used, application of suitable electronics is necessary to achieve the memory
| function.
A light-reflecting layer can again be applied to the underside of the device
according to Figure 6a. Layer 7’ itself may -also be made of light-reflecting material.
The layer 7° can be replaced by a layer which is completely electrically conducting
30 and is optionally reflecting or transparent.
The transparent type can be used, for example, as a transparency which is used
in the case of slides for overhead projectors.

The advantage of the "electronic paper" according to Figure 6a is that the




crystal layer 8. Said light-emtting layer 11 has the property that it

emts |ighyoasistdese | ocations at which an el ectrical volt R§E/NI8KPIH | ed

perpendicularly to the surface of the light-emtting |ayer 11. WO

98/ 57226

PCT/ NL98/ 00341 11 Figure 5 again shows anianfini shed basic structure. The

basi c structure can be conpleted by the custoner by applying the

control | i ng ilmagersca2dedtherain tchr beareplatest bip sinotber intrge asf a rénultt aforepeatingsthe,

7' can also be replaced if required by a layer which is conpletely

transpar ent abaye-mentgnsdd BOEFANe| ectrical |y conducting. As a further 5
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out si des of the lg%;é%{}’sﬁ&vhs@g Atl%?ﬁ}t’ﬁg&gﬁ?ce according tl Fci gure 5 le||

emt |ight ofiff¢renbe Geeweendthe Riygt stracttizs savdordings o Wigires Gesandh 56 his cthat, bis
d | ect [ I -b di splay. Th f

o the. ovi CBemtEohah RpBET-AisErest SAUTEVEY G 8 Hevsrd metegh of Hoduy as

in the precedi fiqu . ensitive layer 9 has been applied to the

| ayer 7. A t%%glplg&%né ?'gvelpécs %%sgf’ly conducting layer 10 is situated on the

out si de of the phaimegspsdiffereacd bywveed Figires davindeStnas ar wholg is thi gdaser 42

operates as follows. The device is exposed to light 13 which strikes the

phot osensi t | whichzgpeits  lasenbease 14|iathe dirgetion ofotha pbetosepsitiygdayers) is shopg mp;

the points where Li | 8.1 NCJ 0 b i :

| atter beco ?uﬁeo%%gééﬁ?eng{e c&?és%ﬁ%ﬁsog ‘?fo‘{hgﬁ %ﬁaﬁ%ﬁqﬁ?z‘f‘ ibéﬁltekf)s@l{ﬂnc%ddéeﬂ??a%ehe

phot osepsi ti y@ baVaittéh veryaadearately iinsthié ghotoserditivehlager Powith shevikesere 12i Ghis

first falls and is interrupted, the insulating state returns. The

el ectrical coenefits ithestotalt Taselytiome Ato se t BRI Whers thee lassy cbeam Sfrikesy, the
el ectrically_cqnduct.in V&I 1,10 def. ' 0
of the phot oglé?%gﬁefl?\%(eﬁ%%r ’th%&agélglbé% Sa tng{rlﬁgng q%hgltotsa (E:)?lﬁ gyfv{ﬁg‘?ﬁ&fezn
the |iquid- gik&Pbén iayesent) thaphstbsensitive iafep Oeremiabis e imelataneBleoyromip plapemg
voltage to the electrically conducting |l ayer 10 and the layer 7' . If the
| i qui d- cryst gan thepde dfingd an thepsameweay pg 1y the deyice desarding t?%b@,ref’ﬁe i mge
thus regorded wll, be . i cll y Ion
even | f i he. vol t adb ™ 2ol 3f o R REBCkdcGrdntd 5 s 8a TR RHY tricHlae 7
can. in principle be omitted. The light beam 14 then makes a channel in the layer 9

with which an electrical voltage can be transmitted directly to the layer 4 without the
intervention of layer 7.
An interesting (application of the layer structure according to Figure 6a or 6b
20 with the laser 12 is that of a laser-beam display. The laser beam 14 which is generated
by the laser 12 can specifically write an image composed of various image points in
the photosensitive layer 9, which image points are sequentially transmitted to the
liciuid-crystal layer 6 or the polymer dispersed liquid-crystal layer 8 at the instant the
voltage is applied between the layers 10 and 7°. Each image point can always be
25 replaced by a subsequent image point by always writing an image point again in the
photoconducting layer 9 with the aid of the laser beam 14 and then transferring it to
the liquid-crystal layer 6 or the polymer dispersed liquid-crystal layer 8. The resolution
of such a screen is particularly high and only restricted by the cross section of the
small channels 21 in the layer 7 (or 7°) and their mutual spacing.
30 A light-emitting layer 11 can again also be used instead of the liquid-crystal
layer 6 with spacers 5 and the polymer dispersed liquid-crystal layer 8 (not shown).
Such a light-emitting layer can emit light of one colour. As an alternative, however,

said light-emitting layer may be constructed so that coloured images can be displayed,




25 are used, application of suitable electronics is necessarl% &g
achi eve t h®™O#A3E3 function. A light-reflecting |ayer can aGﬁT’ﬁ' Y f)lpl I ed
to the underside of the device according to Figure 6a. Layer 7' itself may
al so be made of light-reflecting material. The layer 7' can be repl aced by
a layer which is conpletely electrically ddnducting 30 and is

optionally reflecting or transparent. The transparent type can be used, for
exanpl e, as st pninsthgcasecyl amveriqnal calawredrimagetubsse of slides for overhead
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the |iquid- -crystafhe Mées%d&_@t&iﬁ% 16 FRGEES 6B anAneY Rai advadiesds9 hetvkens
Figures 6a and 6b as a whole is that a laser 12 which emts a | aser beam 14

in the direcmniask iof phefeligiegraphien pracessss.| Afer al,i & dasyosh paitemi fr epBe Bidhce
the cross section of the |aser ;be 14, can,be,.very restricted an,inage 10
can be e &t SARGRIG Redfipns SRy o QENEC, B BECHUREErERLbYF & o et RET PR,
12. This ben%igﬁbﬁed hRuidégbtal 85+ 8t Wk thélaid WP IRe NA¥e beamh B4, €Ift ieh | A 6Vice
beam stri kes the photosensitive layer 9, the latter becones conducting. At

t hose ptd nt s vdosevhiattdm daBn¢daincthishwayrin thedipiédicrystahlayph6tosdha polymee dispgrsed 9

remai ns an insul ator | ectronic r .can. .t hen. be defined.,in the.sane way
n T e de RiPirate) fygh (GPemgRRE e et Br 2 e aiashfograthic Rt
that, in thepiRKiGBSveAE Séthidbidhctd? delidspesviéel with aGthotdrBast 18Y&! safd pAbtordsidt
principle be omtted. The |light beam 14 then nmakes a channel I n the | ayer 9

wi th whi ch adaysr sen becxposed| usingea chiffersnt lightrbeam: Seid diffecent |light bearnavillatper 4
w thout the itrrgﬁgfrel\! etﬂé ip% e&f rclec%¥(?erd 17n' the layer 6 or 8 to the photoresist layer on the
15 semiconductor. Said photoresist layer can then be developed and treated in a known
manner. Structures can be transferred in this way to the semiconductor device using a
mask which, in principle, does not have to change position. The pattern on the mask
formed in this way can simply be altered by writing a new pattern in the
photosensitive layer 9 using the laser beam 14 and transferring it to the layer 6, 8 by
20 applying the correct voltage between the layers 10 and 7°. In this way, new masks do
not always have to be used each time in subsequent photolithographic steps. After all,
in the device a new mask can always be defined without altering the position of the
latter. This benefits the accuracy.
Figure 7 shows a device in which the reference numerals corresponding to the
25 reference numerals in the preceding figures have the same meaning.

The device is provided with an underlayer 52 which is a photosensitive cover
layer. A certain pattern of positions which are opaque or transparent to light 13 is
recorded in the layer 6, 8 in the manner described above. The light 13 then exposes
the photosensitive cover layer 52 only at those points where the layer 6, 8 is

30 transparent. As a result a copy of the pattern in the layer 6, 8 is produced on the
photosensitive cover layer 52. The photosensitive cover layer 52 can then be developed
in a known chemical way so that a copy of the image is produced.

The unexposed portions of the cover layer 52 can be removed with the aid of




An interesting application of the |ayer structure according to Figure 6a or
6b 20 wvohgsT2e6 | aser 12 is that of a | aser-beam di spl ay. PCIALY8Q8HT beam
14 which is generated by the |aser 12 can specifically wite an image
conposed of various inmage points in the photosensitive |ayer 9, which inmage
points are sequentially transmtted to the4liquid-crystal |layer 6 or the
pol ymer dispersed |liquid-crystal layer 8 at the instant the voltage is

appl i ed bet vabgetivé etchimgeprocetiirasnds wvill Heacibari tomgsersoni skilledain thé wety ss e 25
repl aced by a subsequent inmage point by always witing an inmage point again
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transferring '%itqftsglect,\li\% étlilﬂg.ég'r&{efﬁxtegl | ayer 6 or the polyner dispersed

l'i qui d-cryst% ayer esol utit'on of such a screen is particularly
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col oured i mages can be displ ayed, just as in the case of conventional
col our ed- i negimcturpageording teiFigiray’s fabricated in this way have the sane

var it i ons. 1 n 1 no RHRr A 85 Spby R e Sb bl S iSRG o v v v

conventjepnal jn {fg.g@s Balges. 5 The resolution of such | aser-beam
displays is particularly high. The devices according to Figures 6a and 6b
can advant ageous| yTheze isquaviged adayerihfrpmoa matqrhbgllh&ghhas Ppprsdetenmined sfarting

all, a desired patt.er n;of aque and. . transparent portid ons can be, defined, i n
the Iiquid- cf g{'mfyaygpw Q%r qt{%ecoﬂg}l% gfs‘ﬁ%r%’%’é@i fﬂ?l% X r%?gt 3? ‘ih&% 8
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defined in this way in the liquid-crystal |layer 6 or the polyner dispersed

| i qui d- cryst tengthayer 8 corresponds to the pattern of a certain

phot ol i { hogr aphi ¢ ;mask_ i s..pl.ac ove_a.sem canduct o Vi C avided,wth
a phot o#%si st | ayép,a }éréﬁk ate happf?glé2$§§ Pf%‘@‘i?dn%‘éﬁ‘%‘_éyﬁ&z‘ogg%“&g’f 2&1 3 prov1d<\a'3
different |igith Repliralftei of didrtiefe¥4 WIGEH deafontirhdsphf@8h to radiation of that

predetermined wave length. Then, the mask 23 and the layer 7 are illuminated with

radiation 22 having that predetermined wave length. The radiation 22 is directed to the
mask substantially perpendicular to its surface.

20 Those portions of the layer 7 which are illuminated by radiation 22 will obtain
a substantial lower conductivity than the starting conductivity whereas those portions,
indicated with reference sign 21, which are not illuminated will retain the starting
conductivity. Thus, by ﬁroviding the portions 24 in the mask 23 with the proper size
and proper mutual spacings, a desired pattern of conducting channels 21 in layer 7,

25 having a desired channel width and mutual spacings, can be made.

In a first example, pure PANI/CSA (camphor sulphonic acid) films were used
as layer 7. Different films of PANI/CSA were exposed to 1, 2, and 14 hours
respectively, to UV light 22. The starting films had a conductivity of + 40 S/cm. The
films were exposed for 1, 2, and 14 hours, respectively, and showed conductivities of

30 3, 1, and 10* S/cm, respectively. The conductivity of the films was measured using a
two-probe method.

This shows that a reasonably high anisotropy in conductivity can be obtained
by UV exposure. Probably, the PANi/CSA is partially transformed by the UV light to




transfer the pattern recorded in the layer 6 or 8 to the photoresist |ayer
on the 15 WO%B#28onduct or. Sai d photoresist layer can then"SENyYWdhed
and treated in a known nanner. Structures can be transferred in this way to
t he sem conduct or device using a mask which, in principle, does not have to
change position. The pattern on the mask flérmed in this way can sinply be
altered by witing a new pattern in the photosensitive layer 9 using the

| aser beam 1nompenducting peeraldige baset o the | ayer 6, 8 by 20 appl yi ng the
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the position of the latter. This benefits the accuracy. FPgure 7 shows "a
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nuneral s_in the, precedi,ng fjgures have the_sa neani.ng. The device is
D ovi dech wi « FbGNE s s1ged 856 abrparancd SEIORTeBR <ies: Gowicd by, ghlation)
certain patt i j QRAGH, r : Ig[lﬁ%g S
recorded in tﬁﬁ@ Wa?g?&%i} 4 gﬁﬂyﬁ&egﬁgﬁlgr deséci}tgbcgh&gﬁgg(ggﬁﬁgﬁteé@?ght jd?%en
Fxposeg tge_ phgghns;ertspalbgiealcumu‘ ldlshiyergiﬁmglo?ﬂn ;&néibatidmfmttpmi sitg?itfwaﬁtr _eblhf[i?
ayer 6, i's rans e a resu a copy e pattern in e
| ayer 6, 8 igc‘f}ﬁ?ﬁlug@&’eﬁ ﬁﬁl%%%t‘%%‘l‘f?f‘?ﬁ?e‘@&'\?grsm yigpolggicalrghanges. These
phot osensi ti rs t Oe: I ' ' y
0 that o cogpPpY Be sHBR o ek B i shigl S HF ATAT dmBo bRl eEFEhER) of
cover |Hyer a2 aream dfea rRAMNNIENAWIih ¢xdpesal tb AIV ligh¥dd 814 Honfs through a mask
PCT/ NL98/ 00341 14 sel eétive_ et ¢hi ng procedures. As will be clear to a
person ski | | SOMPHsipgcholes with, diamefers; of oF o} (BicRomeise 3t hmuieh chgansss of Ghd of
the cover |ay8tonretssdn be renoved with the aid of selective etching
procedures. e or nore coloured |ayers can also be applied as desired to
t he points where SSmall wbts 23yleavir? lipltsgiep emlouz ninvigghre R, twitr apprexinmatélal the

i nsul ator/ nmetal structures, in- fiJmtransistors, diodes and/or,
conduct ors cAmgtery pmee‘ﬁaﬁlhh&ﬁ‘? Qe {E‘lq in '@“Eogbrt@}"%fmtaﬂﬁ‘iag? height pE 507

can in pgincijghqafbmeted WA id £Bst ftobdby due to heat-induced surface swelling. Why this

was not observed in the SEM measurements is not clear at the moment. Most

probably, the absence of a thin gold coating (to provide conductivity) on top of the
sample resulted in poor imaging of the non-conducting phase. The large white spots 26
in figure 9b are due to glass particles stemming from a diamond cutter used for cutting

20 to make the sample fit on an AFM sample holder.
A second experiment was conducted with so-called ORMECON® lacquer of
Zipperling. This complicated lacquer system is based on a dispersion of PANi/DBSA
(DodecylBenzeneSulphonicAcid) in, most probably, p-xylene and other cosolvents. A
thin film of the lacquer was spincasted at a rotation speed of 3500 rpm on a glass
25 plate. This resulted in a green film with a thickness of approximately 100 micrometer
and a resistance of 7 kQ. Measurement was done with a simple voltmeter and two
point probes. A film could be easily peeled of the glass surface and had good
mechanical properties. The film was exposed to UV light for approximately 1.5 hour,
resulting in a colour change from green to black/blue. No surface resistance could be
30 measured with the simple voltmeter indicating that the conductivity was seriously
diminished, i.e., resistance > 20 MQ. Conductivity measurements with evaporated gold

contacts are scheduled to provide exact conductivity values.




structure according to Figure 7. Figures 9a and 9b show a possi bl e net hod
for manuf ¥OWBET™Y6a | ayer, as shown 10 in figures 8a-8c. PCHfNL98/0p3N
provided a layer 7 froma material which has a predeterm ned starting
conductivity. However, the conductivity of the selected material can be

changed substantially by illumnating thelfmterial with radiation of a
predeterm ned wave |ength. 15 In a first step a+msk 23 is
provi ded on the | Aydird7experimenta®rs 2lso icendsictnd with QRMECON dgcarery yh giructure

portions 24 whtcha onstra rent to_radi.at f .that
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radi ation 22yhavibpged et a Poadeb@strhtee Oyaue ﬂhﬁﬂq&mmlﬂiﬁﬁl)rél@bt?&deoﬁ ?a&et Sof
directed to the nask substantially perpendi cul ar, to its surface.

Those porti CBRMECONE lheguer was whpl eih%QRMEGDMat laoqusy beingi mtteuwdzm &\Mal}’
bt ai bst.ant i duct t duct
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portions 24 1n the sk 23 with the proper size and proper nutual spacings,
a desired palastelayleroﬁ*‘maﬂudacglasagawhazmseapphm to thel BRQ: dayer. Ejsmeanhafuang)pdcal

desired channel w dth and {) al aC| n C be,made. Jn_a f|5 exa{HJI e,
pur e PAN / CORIGTRSERBh AP 1CaEn b ie Tty obiaingd s gade: Figyis 5 shows te
Different fi }e§§lt qf B‘@MJ s(ﬁg’evsVéleéraﬁteﬁfép&ﬁﬂu&t?nglcha%neﬁgﬂg}i]tdgréﬁ EsIdur) surroundeil

respectively, he startin | ms had a conductivity of
S/cm THe f |byrnnmﬂximngxxpdsed (dark greyzploar)d 14 hours, respectively, and
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exposure. Pro the PANI/CSA is partially transfornmed by the UV |ight
to 15 non}mpmtbncﬂxffﬂyermevﬂmml@hnr‘ibe hacgeer dnd BANIACSyeis the fast thitsio thadacquer
whi ch the pof)&BS%?s 121sA:3dV\alesr t%et o%ggt oesP tprébabluv the UV light 22 destructs or evaporates
15 the dopant and creates the non-conducting emeraldine base, rather than destroying the
conductive polymer itself.
The intensity of the UV light 22 used was about 40 mW/cm?,
Figure 10 shows an alternative method of forming a layer 7.
A mixture of matrix material provided with a solvent and a conductor additive
20 34 is applied to a substrate 32. At the beginning of the method, the mixture is still in
liquid form.
The matrix material may, for example, be polycarbonate. However, the
invention is not limited thereto. The conductor additive 34 may, for example, be a
tetraselenotetracene complex (TSeT). However, other materials are also possible for
25 this purpose.
A sheet is formed by pouring ("casting") the liquid onto the substrate 32. An
electrical field perpendicular to the surface of the substrate 32 is generated at a
predetermined position using a capacitor plate 33 opposite the conducting substrate 32.
The substrate 32 is moved as indicated by an arrow in Figure 10 so that the liquid
30 matrix material 31 is introduced into the electrical field.
The solvent in the matrix material 31 will then evaporate, as a result of which

the structure will become hard, Instead of spontaneous curing, forced curing can also

be used, for example with the aid of ultraviolet light. Two-component curing can also
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| ight 22 whereas the renmaining portion of mask 23 was non-transparent to
the UV |igNO%57226us, in this experiment the channels 21 b&EAHE-8/00341

non- conducti ng. The sanple thus 5 obt ai ned was checked on the appearance
of topol ogi cal changes (caused by ablation), both by AFM and SEM The SEM
measur enents, conducted w thout gold coatilfig, did not show topol ogi cal
irregularities, giving an indication that no significant ablation occurred.
However, thebédmkédreasurenents showed smal |l topol ogi cal changes. These
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sanpl e resul thesd-toatajldonds. r8aid ohaing wilhextend-pacadidlied theoelpiteical. ficld as laavegdlt of
white spots 26 in figure 9b are due to (1;I ass particles, stenmng froma
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di spersiion ofreddfdi fildBIyA i Dodepe| Bemben@Supgrhideli edriudjors nwhioh Shaver abakiuyual
p- xyl ene and ot her cosol vents. Ai thin filmof the | acquer was spincasted at
a rotation speeeecHpns3sodhatophagnely 4l {ses Bigure 8) ase produyced incthg tayer. i Gnthe
green filmw | l; I ' t.ef:
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two point prdeen.thé chiriem3Qowith the aghsf lapy kmeivadprotedube Dheadistamoe bateceantie
had good nechanj cal_ properties. The filmwas exposed to UV |ight for
appr oxi mat el yehaing iy dependgnt pAgthenmixipg ratip batwedie the smathx cmaterial and the
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voltneter in n e conductivity was Sseriou
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are schedul Edchgli?ls parrg \gr('iir(:}edea)x(tar(l:'xtolca(c::x?lgl('j llje(i/teil,vtihgycrc\)/sil slé(cat?én can, however, be particularly
small. The mutual spacings can also be made very small, which will increase the
resolution of devices equipped therewith. If the cross section of the chains 35 and their
20 mutual spacings are very small, it is of less importance whether all the chains 35 are
formed completely correctly, i.e. whether they are all completely conducting. A small
percentage of failures can be accepted because many chains grouped together next to
one another will nevertheless be used for the ultimate applications. A pixel (image
point) defined by conductor pattern 2, 2’ on top of the layer 7 in, for example, the
25 embodiment of Figure 3 will in practice be transmitted to the liquid-crystal layer 6 by
many parallel chains 35.

Figure 11 shows a third method of making a layer 7. A pattern of a liquid
composed of a matrix material contfaining solvent and a conductor additive 34 is
prihtcd on a substrate 32 at predetermined points. The materials used for this purpose

30 may be the same as mentioned above with reference to Figure 10. Dots are printed in
this way at a minimum distance from one another and with a minimum cross section.
The dots are dried by the evaporation of the solvent. In this process, for example,

additional heat may be supplied. After drying, the dots are completely conducting. In
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destroyi ng tge conduct i veupol ynmer itself. The intensity of the UV Iight 22
used was aboQf CFE B2 Fi gure 10 shows an alternative nmethod of formng
a layer 7. A nixtupng Rie P loblainddBB e tHeahethbey bettiledVabdvedcandbe/ askd @1 cbndy for
conductor additive 20 34 is applied to a substrate 32. At _the beginning
of the #ethodhe dmasidemibediabomiIF thej laydri yisi ufficiently thick, igisrigid gaeush; tg be

may, for exanple, be pol ycarbongte. However, .the invention i,s.not |jnit
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matrix material 31 is introduced into the electrical field. .
conductor patterns 42 by means of a conducting paste which cures after application.

It will be clear to the person skilled in the art that the description given above
is given only by way of example and that the scope of protection of the invention is

limited only by the definition of the claims.
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The solvent in the matrix material 31 will then evaporate, t of
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conducting. A small percentage of failures can be accepted because nany
chains grouped together next to one another will neverthel ess be used for
the ul tijgat e 8ppl i SeHsiraRSaccérdRigi® claimMoRhdeindald effhd) Sfisthices QRS HE st two
pattern 2, 2' on top of the layer 7 in, for exanple, the 25 enbodi ment
of Figure 3 \imes smalley theniseid mmimpmndimension of said iat leasteniedelectsasieA#2). ayer 6
by

3. Substrate according to claim 1 wherein said mutual distances are at most ten
times smaller than said minimum dimension of said at least one electrode (42).

20
4. Substrate according to any of the preceding claims wherein said plurality of

electrically conducting channels (21) is distributed randomly through the substrate.

5. Substrate according to any of the preceding claims wherein said mutual

25 distances are smaller than 3.5 pm.

6. Device for displaying information, comprising at least:
- a first layer (6; 8; 11) which extends in one plane and is composed of a
material whose optical properties vary under the influence of an external
30 electrical control system in such a way that either the transparency of portions
selected with the electrical control system of the first layer for light incident
thereon varies or portions selected with the electrical control system of the first

layer emit light;
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many parallel chains _ ws a third met hodhéﬁhﬂlﬁl@bﬁ nBcnlaagder
7. A pattewm® 85726 i g ,ggm, Ml j matrix materi al ent
and a conduct or addltl\fe on a substrate 32 ned
points. The materials used for this purpose 30 be the sarre as

menti oned above with reference to Figure 20. Dots are printed in this way
at a mninumdi stance fromone another and with a m ni nrum cross section.
The dots are-dri e secohdandaahivd dayeor(7,07’; 1T d 03 sthiénextendsubistantighoparabiel toor

exanpl e, additional heat nmay_ be suppl.ied., Afte ng, ,the dots are
conpl etely conductthﬁg angy,are srtmteamnsﬂ@asélder?é &g"@{ a3?°ﬁé%se joblg anddEnsrt to,

external electri 93(?1 Eiéﬁ goal Ié}f'angﬁgsﬁﬂt ﬂﬁytglelegﬁ?t(ﬁ)ecqztagetﬂe sé%n'n?or tﬁil?rsdan

i nsul ati ng materi carbonate OI’ exanpl e e use

purpose. This can lay&® llmvmgome firsti oonduotivity pmidnbeing pxro@hieduwﬁh atSdeabt one
insulating material is then also dried. The desired 5 yer 7, which can

be remov&d from t hlegtrode; (42) 3and,; with tﬂ@tﬁ?ﬂYoPO%ﬁWuR&omlﬁ)c@éhr\é‘h"’hs are
produced in this vgeofhd BEIMPY iR aCairdetion MerfiRhiafl: 1 AE GOREADSE Hhdrbis

Figure 11, too, € Cross’ sections of hnel's herr

mut ual spaci ng t o mlr@d&se\tmcy csmiichvxt}ﬂ' lsﬁbdtameny Nargbi dhancthebfirst Rendmitivitgs
outlined above can be used not only e devices descri bed above.

If the layer 7 is ssig fat dpashtqng ?lﬁ"Ft&@e (4t2)|eée“1tr|"§j‘i“é{ eanasiRg 1 least pneapbpaid
separately and, as hfagﬂé’i@(ig Figure 12, it can also be used, for exanple, as
substrate for eI ectFonT ¢ ¢ hponent s, such as chips 41. Such conponents can

then be jappl idadrab@ngéd erhai Rl af ldabieond leiictrade (42)ChasLd paddeterinitiedr miximeat ed
at desired positions i means of the small conducting _channels 21 and
conduct or patdimepsion;£D}in|3 eentaes arpa with said atJeast one. (7ol Fhe secand; and tird

by means. of - A5CaNatte Pip el bk belech Rfscih b, SR BRI A Raii e

clear to the ey aRrnlet tiad shid rhitmant difdeasion be salé ac ldagtdrercl@irode (@rz)ove i s
given only by way of exanple and that the scope of protection of the
invention is limted only by the definition of the clains.

15 7. Device according to Claim 6, characterized in that the first layer is a liquid-
crystal layer (6) provided with spacers (5) and in that a fourth layer (4) which is made
of an electrically insulating material is situated between one (7) of the second and third

layers mentioned and the first layer (6).

20 8. Device according to Claim 6, characterized in that the first layer is a polymer
dispersed liquid-crystal layer (8) and in that a fourth layer (4) which is made of an
electrically insulating material is situated between one (7) of the second and third

layers mentioned and the first layer (8).

25 9. Device according to Claim 6, characterized in that the first layer is a layer (11)

which emits light under the influence of an electrical current.

10. Device according to one of the claims 5 through 9, characterized in that there
is applied to one (7) of the second and third layers mentioned on the side remote from
30 the first layer a fifth layer (2) which is provided with a predetermined pattern of
electrical conductors parallel to the plane, which conductors are connected at
predetermined points to preselected conductors of one (7) of the second and third

layers mentioned.
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[err] DeVIvggggg d| spl ayi ng Wﬁ‘&t»l on, conpri sing aftis|Shegtias Been Replaced ¢ oy
| ayer ‘gl i’rw one pI ane and is co eri al
whose optlcal pro ﬂ#r the influence of a .
el ectrical control systém n su a way that either th ransparency of
portions selected with the electrical coﬂtlrol systemof the first layer for
| i ght |nC|dent tpsreon vari.es or ort f sel eEted with the electrical

control systlém of DeHee ppqording é"}/é’f" ofithe ¢ tArquebdS, shatagterized, s ghag the and
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to the devi qgertioned tisiialsodarchr that nﬂsgelebttwal aindham mnexcﬂﬂslvajr ihhe cﬁmﬁm
and third layers having a first conductivity and being provided with at

| east one 5 perpendicular to thelagneode (42) and with el ectrical |y conducting
channel g (21) which are extending exclusively in a direction perpendicul ar
to the plane, said channels having a second conductivity substantially

| arger than he fDegite acdvadiag ity iQldim $Bi chaficterieed in eiae aedlﬁﬁtlﬁyxile@()él@hxch is
el ectrically contacting at | east one of said channels (21), bﬁ)
eb)

said at | eagnadsnef ar elecirisgly (msz}atmg rgateriglgist sitpated detwaen tﬂmmtmrnlémr
I n a contact e second and third
| ayers, and thﬁﬁ?%g&”ahggl?gdnggs be%ﬂx i\@g‘g‘i ac)efh?ﬁg&gs of the plurality of

channel s (21) smaller than said m ni num d| mensi on of said at |east one
el ectrode (42) 15 2 Devi ce according to (aimcharactcrized in that
the firét | r Beancmgg@rdmgctwgmof | Glpiams 36)0Tp12)v¢mtw2[eﬁ lslp@@tartherGB}*

and in that a IS mad ectrlcall uIa.tlng
end i that g tgu & dos, BHRE S8 (2 ) s Toel A ol o S, efonl o ¢ B
nment i oned angniofefrbin' the ﬂramayer(afiaevezaﬂ layes (2°) whxcrm\@rsﬁde&amhda peedeRrindi M
characterized in that the first layer is a polyner
pattern of electrical conductors parallel to the plane, which conductors are connected at
predetermined points to preselected conductors of the other layer (7°) of the second

15 and third layers mentioned.

14. Device according to one of Claims 6 to 9 inclusive, characterized in that there
is applied to one (7) of the second and third layers mentioned an eighth layer (9)
which is made of a photoconducting material, and there is applied to the eighth layer

20 (9) a ninth layer (10) which is made of a transparent, electrically conducting material.

15.  Device according to Claim 14, characterized in that the other layer (7°) of said
second and third layers is provided with electrical conductors extending exclusively in

a direction perpendicular to the plane.

25
16. Device according to Claim 15, characterized in that a sixth layer (4’) which 1s
made of an electrically insulating material is situated between the other layer (7°) of
the second and third layers mentioned and the first layer.

30 17. Device according to one of Claims 14 to 16 inclusive, characterized in that it is

provided, moreover, with a light source, for example a laser (12), for generating a

light beam for exposing predetermined locations of the eighth layer (9).
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15 with predetermined ones of said electrodes (42).
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22. Method of manufacturing a layer (7; 7°) which extends in one plane and is

provided with a pattern of electrical conductors extending exclusively in a direction
perpendicular to the plane, comprising the following steps:

20 a. selecting layer (7) from a material which has a predetermined original

conductivity but which can be changed substantially by illuminating it with

radiation of a predetermined wavelength;

b. providing a mask (23) on said layer (7), said mask being provided with a
plurality of portions (24) non-transparent to radiation of said predetermined
25 wavelength;
c. illuminating said mask (23) with radiation (22) of said predetermined
wavelength;
d. terminating said illumination and removing said mask.
30 23.  Method according to claim 22 wherein said material comprises -either
PANI/CSA or PANi/DBSA.
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(7") of the second and third |layers nentioned_and the first layer. 30
Devi ce accor dihg t Methad of nguyfasiring 1ayee |(Yis 7 Vewhich gxdends rin e plane ead is

it.is provid
for generati
ei ghth Iayerlg

coyoulBRh SR plehl of slecith 8 Ry sRlen R Wefiafel B, ifehion
&pendiculdd6 thé pRnélRohpeisAgahe fllavih@stepdi m  for a mask for

phol ol i t hographi ¢ purposes. 13 Use of the nask according to Claim in a

phot ol i t hogr aphi c ppRlyigsa nmtik opatadalo3d) regntainieg solyentCand gscondyctor pddilivey e

or to Jnclusive

applied

the sid

second and thjrd |
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, aracteriz in that a light-sensitive |ayer (52) is
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foll ow ng steps:

10

15

20

25

30

O

C.

25.

molecular structures in a direction at least virtually paralle]l to the electrical
field;

removing the substrate (32).

Method of manufacturing a layer (7; 7°) which extends in one plane and is

provided with a pattern of electrical conductors extending exclusively in a direction

perpendicular to the plane, comprising the following steps:

a.

printing a matrix material (31) containing solvent and a conductor additive (34)

~ at predetermined locations of a substrate (32);

26.

evaporating the solvent so that the matrix material (31) acquires an electrically
conducting, solid structure;

printing insulation material (36) containing a further solvent on the substrate
(32) at locations situated outside the predetermined locations;

evaporating the further solvent so that the insulation material (36) acquires an
electrically conducting, solid structure;

removing the substrate (32).

Device for displaying information, comprising at least:

a first layer (6; 8) which extends in one plane and is composed of a material
whose optical properties alter under the influence of an external electrical
control system so that the transparency of portions of the first layer selected by
the electrical control system alters for light incident thereon;

a second layer (4) which is situated on the first layer and which is made of

electrically insulating material;

characterized in that a third layer (9) which is made of photoconducting material is

cterjzed in that the other '
?Slvi ded with electri caamgﬂﬁﬁ |H Hilumll
on perpendicular to t c . s ce

in that a sixth layer (4') which is nade

IR

.
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a. appl yi ng a ITB.tI’IX materl I (31) containing sol ve/w/ﬂiMamL
vent

to the substrate and evaﬁora

at |east virtuall Iy so that the matrix naterlal (31) |res
a solid structure and the senlconductor a@ditive (34) forns conductlng

nol ecul ar structures in a direction at least virtually parallel to the

el ectrical 1@pplied to the secéndlayer ¢4) and a rfemtlvﬂaygr {H® whioktis mtesie (T 2ranspaefitod
of manufacturing, a_a. rin rix ma rlal 1) containing

sol vent and ﬁl%g%uﬁpﬁd%ggﬁ%g‘a?éﬁﬁpﬁﬁdﬁ?éttFe & ‘ocations of a
substrate (32); b. evaporating the sol vent so that the matrix nmateri al
(31) acquires an electrically conducting, solid structure; 20 C.
printing insulation material (36) containing a further solvent on the
substrate (32) at locations situated outside the predeterm ned |ocations;
d. evaporating the further solvent so that the insulation material (36)
acquires an electrically conducting, solid structure; e. renovi ng the
substrate (32); 25 24 applied to the second layer (4) and a fourth
| ayer (10) which is nmade of transparent electrically conducting materi al
is applied to the third layer (9).

addi ti ve 5wO9t This Sheet ﬂl substrate (32);
el ectri cal fleld ‘}
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