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Discotic liquid crystal based electronic device using interdlgit structure electrode -

The invention relates to an electronic dev1ce based on d1scotlc liquid crystallme matenal to

methods of production of such a device, and to uses thereof

With the advent of .nanotechology and the availabillty.cf new .;Eit_terials, the fabrication of -
electronic device, especially ﬁelcl effect traﬁsistors, photclloltalc cells:aﬁd light emitting di-
odes (LEDs) has gained new momentum in recent yeers. Oof t.hese;, orgatlic photovoltaic (PV)
cells (or organic solar cells), which are in a.typical geon,ietry made of an orgalni,c layer sand-
wiched between two different electrode materials, have attracted. scientific interest since the);
offer potential advantages of low-cost; large-area deposition, and the compatibility with flexi-
ble plastic substrates. Many examples of photovoltaics. have been reported-in,the literatute .
which photovoltaics are made of :colnductioﬁ‘ pclymers, mixture 0f polymer, organlc ‘mole-.
cules ‘['C.J..Brabec, N.S., Saracifici, J.C. Hummelen, Adv. Funct. Mater. 11, 15-26 (2001)],
organic molecules [C.W. Tang, Appl. Phys. Le 48(2), 183-185 (1986); D. Wokdle, D.
‘Me1ssner Adv Mater. 3, 129-138 (1991); TJ Schaatsma Solar Energy Materzals and Solar‘ :
Cells, 38, 349-351, (1995)] and liquid crystals [B.A. Grew, M.A. Fox, A L.J. Bard, J. Phys..

Chem., 94, 1586-1598, (1990); K. Petritsch, R.H.-Fnend A.Lux, G. Rozenberg,'S.C. Moraltl' . .

A. B. Holmes, 'Synth Met., 102, 1776-7(1999); L. Schmidt-Mende, A. Fechtenkstter, K,‘
Mullen E. Moons, R H. Friend, J.D. MacKenzie, Sczence 293, 1119 22 (2001)] '

One species of organic compounds has attracted recent attentlon 1 e. dlSCOth liquid crystal-

* line materials, e.g. in the field of fabrication of ﬁeld effect transustors (FETS) This is due to °
the conductivity behaviour which is displayed by these discotic molecules. In general, discotic
molecules (disc-shaped), show a great difference between length, in this case the height of the )
disc, and Breaclth, the diameter. They usuelly consist of a rigid, flat core unit and flexible side
chains, which are surroutidirig this core. The core unit is mostly, but Ilot necessarlly, aromatic,
for example triphenylene or phthalocyanine. To ensure the disc-shapedA geometry of tlle mole- )
“cule, the core is oftén symmetric, and an appropriate number of side chalns are ueed. The

- physical properties can be influenced over a wide range by variation of the core and/or the
sid_echain's. Hence, cliscotic molecules are also anisotropic and thus potential mesogens 1. €.
they have the capability of forming a liquid crystalline phase. Discotic liquid-crystalline mate-

rials are the ohly type of liquid crystals that fulfill the prerequisite of large anisotropic by n-m
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intefactions, The interdisc stackihg interactidn in discotics is several orders of niagnitude
‘larger than the intercolumnar interactions. This criterion is fulfilled by the phase separation
* induced byl the flexible side chains, whose van der Waals interactions are sevérely weaker
than any of the other interactions. Discotics with an extended aromatic core havé, thefefore,
the best design elements for forming supramolecular polymeric assembliés in solution based

on ©-7 interactions [L. Brunsveld, B.J.B. Folrﬁer, E.W. Meier, MRS Bulletin, 49-53, (2000)]. . '

With fespect to fhe aforementioned conductivity in discotic molecules, in .1994‘, Adam et al.
reported highvchérge carrier (hole) mobilify in the liquid crystalline phase of a discotic mole-
cule (hexa-hexylthio tripheny-lene, HTTP) based on time of flight (TOF) measurements‘[D.
. Adam, P. Schuhmacher,'J . Sirﬁmerer, L. Haeussling, K. Siemensmeyer, K. H. Etzbach, H.
Ringsdorf and D. Haarer Nature 371, 141-143 (1994)j. The mobility in HTTP increased by a
factor of 10 at the transition from the liquid to the hexagonal discotic p‘hase and gains further
“two orders of magnitude in a higher ordered discotic phase. With the exception of organic ‘
single crystals [N Karl and J. Ziegler, Chem. Phys; -Le;ct. 32, 438-442 (1975)] the rei:)orted
mobility (0.1 cm?V's™) for photo-induced charge carriers of HTTP was higher than for any
* " other organic systems reported at the time. The distance‘ between adjacent discs in 2 column

-~ was found to be ‘3.6°A, whereas the distance between the columns was 2117°A.

As a consequence, charge (aﬁd excitor) transport is expected to occur preferably along the -
columns whereas the mobility in directions perpendicular.to column axes can be more than
500 times ‘smaller [N. Boden, R.C. Borner, R.J. Buéhby and J. Clements, J. Am. Chem. Soc.
116, 10807-8 (1994)] since the excited specieshave to tunnel-through a saturated hydrocarbon
mantle (the insulating side chains). Such columns may be used to transport efficiently not

only carriers but also excitons and ions [C.F. van Nostrum Adv. Mat. 8, 1027-1030 (1996)].

A key parameter to the application of discotic molecules as semiconductors in electronic de-

vices is their relative orientation onto a substrate which can be seen in Fig. 1.

This is due to the unidimensional conduction mechanism along the columns of stacked disks.
It is then crucial that these columns effectively connect to electrodes. Two extreme cases can
be envisaged: either the disks are oriented homeotropically (i.e. “face-on™) or homeogene—'

ously (i.e. “edge-on”). The desired orientation depends on the structure of the device consid-
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ered. Generally, a homeotropic orientation is suitable for FET, while 2 homogeneous orienta-

~ tion is suitable for photovoltaic devices as can be seen in Fig. 2.

With respect to the use of discotic liquid cryétalline materials in solar c;alls, a double layer .
photovoltaic device using a discotic liquia crystais active semi-conductacting layer has been
presented in 1999 [K. Petritsch, R.H. Friend, A. Lux, G. Rozenberg,. S.C. Moratti, A.B.IA .
Holmes., Synth, Mer. 102, 1779-7(1999)]. Such a dgvice is able to harvest light from'the UV

to the near infrared with a quantum efficiency approaching 0.5%.

A high::external quantum efficiency (EQE) of over 34% at 490 nm was reported for a self-
organized liquid crystal organic solar cell by Schmidt-Mende et al. [L. Schmidt-Mende, A.
Fechtenk®étter, K. Mullen, E. \Moons,. R.H Friend,vI'.D. MacKenzie, Science, 293, 1119-22
(2001)1, ‘who usedy bilayer of liquid crystalline hexaphenyl-substifuted ‘hexabenzocorone
(HBCPhC12) as an electron donor and a i)e:ylene dicarboxylic acid diimide derivative as an
electron acceptor in the active layer of tﬁe cell. The HBC-PhC12 has a disc-like structure and
forms in room temperature liquid crystalline phase, a discotic liquid, where fhe molecules
| self-organize into a columnar structure. This structure formé, beéause the flat shape of the
* molecules allows the molecular m-orbital sticking out of the pléne of each molecule to form a
. firm bond between molecules in adjacent layer in the same fashioﬁ as in the graphite struc-

ture.

None of the reported devices have been particularly optimized with respect to the orientation
of the discs and the possibility of fabricating such discotic liquid ctystal based electronic de- .

vices, e.g. solar cells on a large scale.

Accordingly it has béen an object of the present invention to provide for an electronic device
having an electrode geometry that matches the preferential orientation of discotic liquid crys-
talline material. It is furthermore an object of the present invention to provide for an elec
tronic device that is easy to fabricate. In particular it is an object of the present invention to
provide for an electronic device, e.g. a photovoltaic cell showing a high energy conversion
efficiency that is at least comparable to the energy conversion efficiencies rep'ortéd about in

the literature on organic photovoltaic cells.
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All these objects are solved by dn electronic device, comprising:

- asubstrate having a surface,

- an electrode array arranged on the surface of the substrate such that parts of the elec.—'
trode array are arranged in an interdigifating and/or meandering and/or parallel fash-
ion, ,

- at least one layer of at least one discoﬁc liquid cryétalline material, the at leasf ohe
material forming columns, each column having a longitudinal axis, the at least ohe<
layer being arranged on the surface of the substrate in a manner sudh that the longitu-
dinal axes of the columns are parallel to the surface and such that parts of the electrode
array are connected to each other through the columns in a conductive manner, the

conduction mainly occurring along the longitudinal axes of the columns. -

Preferably the columns are aligned uniaxially, with their longitudinal axes being aligned par-

allel or roughly parallel.

In one émbodiment, the parts of the electrode ai-ray are electrode fingers, wherein preferably, .
the electrode array comprises at least two electrode fingers, more'preferab'ly, at l.eas't:three

electrode fingers, most preferably, a plurality of electrode fingers.
In one embodiment, the plurality of electrode fingers form at least one comb-like"s_tructufe,‘
wherein preferably the plurélity of electrode fingers form two comb-like structures interdigi- '

tating with each other, or the plurality of electrode fingers form one comb-like structure and

one meander-like structure interdigitating-with each other.

In one embodiment, the two comb-like structures lie opposite each other, with the electrode

fingers of each comb-like structure facing each other.
In one embodiment, the electrode array is made of at least one metal oxide.
In one embodiment, the electrode array is made of at least one metal.

In one embodiment, the electrode arrays is made of at least one metal oxide and/or at least one

metal.
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In one embodiment, the electrode array is made of at least two metals.

Preferably, the at least one metal oxide and/or the at least one metal is selected to métch the

work function of the electronic device.

In one embodiment, the metal(s)/ metalhoxide(s)/ is (are) selected from the group comprising
gold, silver, aluminum, ion, copper, platinum, zihé tin, calcium, magnesium, indium doped- . -
tin oxide (ITO) fluorine doped tin oxide (FTO), doped zinc.oxide (ZnO), and undoped zine
~oxide (ZnO)

-In one embodiment, the electrode fingers are made of at least one metal and/or at least one

metal oxide, preferably two metals and/or two metal oxides, as defined above.

In one embodiment, the average distance between two adjacent electrode fingers is in the

range.of from 1 pm — 100 pm, preferably 2 pm - 30 pm, most preférably 3pm- 10 pm.

‘Preferably, there are two or more layers of the same or different discotic liquid crystalline

material, wherein one layer is on top of the other layer of discotic liquid crystalline material.

Preferably ,the substrate is selected from the group comprising glass, quartz, flexible sub- |
strats (e.g. polyethylene terephtalate (PET), polyethylene naphthaiate (PEN), pbiyethersulfone

(PES), stainless steel), and silicon.

~ In one embodiment, the substrate has been surface modified. Preferably, it has been surface
" modified, to achieve un1ax1al alignment. This can be done by rubbmg of unmodified sub—"
strate, coating with teflon and/or polyimide, shearing, coating with small molecules (silanisa-
tioﬁ, Langmuir-Blodgett-techniques and Langmuir-Schéfer-techniques, sélf—assembling)

above or underneath the electrode structure.

Preferably, the uniaxial alignment of columns with the axes being parallel aligned is achieved
by laser irradiation, exposition to magnetic field, drop casting, spin coating, Larigmuir-
Blodgett-techniques, Langmuir—Schéfer-techniqﬁes, self-assembling of or at unmodified

and/or modified substrates.
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Furthermore the objects of the present invention are solved by the use of an electronic device
according to the present invention as a solar ceﬂ, a field effect transistor, a sensor and/or a

light emitting diode.

Furthermore the objects of the present invention are solved by a method of fabricating an

electronic device, comprising the steps:

a) providing a substrate having a surface, - ,
b) depositing at least one layer of a discotic liquid crystalline material on the surface,
c) depositing an electrode array on the surface such that parts of the electrode array are

anaﬁged in an interdi gitating and/or meandering and/or parallel fashion.-
Preferably, steps b) and c) are in reverse order.

In one embodiment, the at least one lajer of discotic liquid crystalliheimateri‘al 1s aligned such
that columns of the discotic liquid crystalliné ma‘;eﬁal are formed, each column having a lon-
gitudinal axis, which columns are aligned uﬁiaxially, wherein preferably, the longitudinal
axes of the columns are .parall'e.I to the surface of the substrate, and wherein, more preferably, ‘
the longitudinal axes.of the columns are perpendicular to the eleétroﬂde“array, in particular to

- electrode fingers formed by the electrode array.

In one embodiment, parts of the electrode array are connected to each other through the col-
umns in. a conductive manner, said conduction mainly occurring along the longitudinal axes

“of the columns.

In one embodiment, the uniaxiél alignment occurs as step d), wherein preferably, the align-
ment of the discoﬁc liquid crystalline material occurs by a method selected from the group
comprising laser-irradiation, exposition td magnetic field, drop casting, spin coating, Lang-
muir-Blodgett-techniques, Langmuir-Schéfer-techniques, self-assembling of or at unmodified

and/or modified substrates. |

Preferably, the uniaxial alignment (step d) occurs after depositing the discotic liquid crystal-
line material (step b), or concomitantly, wherein, preferably, the substrate is unmodified or

pre-aligned.
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Furthermore the objects of the present invention are solved by an electronic device produced

by the method according to the present invention.

Furthermore -the obj ects of the present invention are solved by the use of an electronic device
produced by the method according to the present invention as a solar cell, a ﬁeldfaffect tran-

sistor, a sensor and/or a light emlttmg diode.

‘The inventors have surprisingly found that a large number of discotic liquid crystalline mate-
rials prefer a homogeneous orientation, when applied to a substrate irrespective of the previ-
ous treatment of the substrate surface or the application techmque used for the liquid crystal-
line material. Consequently, the suggested electrode geometry according to the present inven-
tion matches this preferenhal orientation of the discotic liquid crystalline columns much better
than the electrode geometries previously used. The electronic devices according to the present
invention are much easier to fabricate, because they do not requiré the laborious conversion of
discotic columns from the homogeneous aligqmenf to the homeotropic alignm.ent. Further-
more, if the electronic devices according to the present invention are for éxample to be used -
- as photovoltaic cells, they do not require a t;ansparent substrate or electrode, because these

are not barriers to the irradiating light.

As used herein the term “interdigitating: fashion” is meant to describe any arrangement of two
or more entities having protfus'ions that engage with each other (interdigitate each other).A The
term “meandering” is meant to signify‘ that the electrode array follows a path of alternating
right-hand-curves and left-hand-curves. The phrase “parts of the'electrode array are connected
to each other through said columns in a conductive ﬁlanner” is meant to signify that by a con-
nection through the column between the parts of the electrode"array, a conduction (meaning
the transport of electrons, holes, ions and/or excitons) can occur. Preferably the conduction is
measurable by conventional means. An exciton is a two-particle-state, consisting of an excited
negative electron in the conducting band and a remaining positive hole (or deficiency) in the
valency band. The “longitudinal axis” of a column of discotic liquid crystalline material is the
axis along the length of the column. Loﬁgitudina] axes are “aligned parallel or roughly paral-
~ lel”, as used heroin, if their orientation differs by less than 10°, preferably 5°. As used herein,.
n “electrode finger” is an element of the electrode avrr‘ay which protrudes from a base. A
“comb-like structure” is meant to signify that the afrangement of electrode fingers resembles

the teeth of a comb. For example, if the electrode fingers form ‘two comb-like structures, the
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teeth of each comb can interdigitate each other. Similarly a comb-like structure can interdigi-
tate a meander-like strubtu;a. It is clear to someone skilled in the art that an electrode finger or
‘ several ﬁﬁgers' may also bend, with such a finger forming a.curved structure. Such cﬁrved 4
structures méy then also interdigitate each other. Another pattern that may be formed by the
electrode array according to the present invention is the “Greek key” motif, a pattern that has
been found on ancient Greek pottery. Such pattern is for example described in T. Creightoﬁ,
“Proteins’;, WH Freeman; 2" edition, 1993, pages 227-228. For the purposes of the inven- .

tion, all types of electrode geometries can be used as long as the discotic liquid crys‘gal col-

umns connect the ﬁngers of the electrode array in a conductive ménner. As used herein, con- . -
" duction is said to “mainly occur albng the longitudinal axes of the columns”, if the conductibn
along the longitudinal axes is greater by at least one order of magnitude (i.e. ten times) than

the conduction in a direction perpendicular to the longitudinal axes.

As used herein, the term “homogeneous orientation” of a discotic liquid crystalline material is
_meant to signify that the columns formed by the liquid crystalline material are orientated on a
substrate/surface such that the longitudinél axes of the columns are parallel to the sub-

straté/surfade. The term “homeotropic orientation” of a discotic liquid crystalline material is V

meant to signify that the columns formed by the liquid crystalline material are orientated on’ -
~ the surface/substrate such that the longitudinal axes of the columns are ‘perpendicular. to the -

surface/substrate.

It is clear to someone skilled in the art, that many geometries of the aforementioned kind (in-
terdigitating, meandering, parallel and any combination thereof) fulfill the criteria of th¢ pres-
ent invention. One example of such a geometry is shown in figure 4 acéording to the present’
~ invention. An electrode array is furthermore characterized by the fact that it does not form a ‘
* sandwich structure on the substrate, in the sense that one or several electrodes or electrode
fingers are on top of each other, e.g. in a layered structure. Instead, all electrodes or electrode
fingers of an electrode array according to the present invention, lie in one plane/layer on the

_substrate, which plane/layer is parallel to the surface of the substrate.

The type of discotic liquid crystalline material used for the electronic device according to the
present invention is not essential, provided that it shows the aforementioned discotic behav- -
iour and is able to form columns and is conductive along the longitudinal axis of the columns,

as mentioned above. Examples for-useful discotic liqﬁid crystalline materials are hexaalkoxy-
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triphenylenes, multiines,'truxenes, phenanthrenes, antracenes, perylenes, alkylated hexaben-
zocoronénesphthalocyanines, porphyrins and diquinoxalino phenazines (HATNA) and de-

rivatives thereof.

Useful liquid crystalline material are known to sofneone skilled in the art and can be identi,-A
fied without undue burden of experimentation. Likewise the nature of the substrate is not es-
sential, provided that it allows the deposition of at least one layef of a discotic liquid crystal- . -
line material in such a manner that the longitudinal axes of the columns of the discotic liquid .
crystaliine material can be parallel to the surface of the substrate. Examples for useful sub-
strates include, without being limited thereto glass, quartz, flexible substrates (e.g. polyethyl-
4ene terephthalate (PET), polyetﬁylene naphthalate (PEN), polyethersulfone (PES), stainless .
steel), and silicon.l The surface of the substrate can ofjcourse vals‘o be modified by any suitable
technique, known to someone skilled in the art. Examples for such surface modification tech-
-niques are, without wanting to be restricted thereto, rubbing of the unrhodiﬁed suBstratc, ‘
coating with teflon or polyimide with or without rubbing afterwards, shearing, coating w1th
small molecules (silanisation, Langmuir~Blodgett- and Langmuir-Sch'afer-techniques, self | ‘

assembling) above or underneath the electrode structure.

In order to orientate the f:olumns of the discotic liquid crystalline material(s) so-as to align '
them, a whole battery of techniques can be used which are well known to someone skilled in
the art. These include for -example Langmuir-Blodgett- and Langmuir-Schéfer-teohni@ues “
[N.C. Maliszewskyi, O.Y. Mindyuk, P.A. Heiney, J.Y. Josefowicz, P. Schumacher, H.
Ringsdorf, Liquid Crystal, 26, 31-36 (1999)], self—asseembly of discotic liquid crystalline ma-
terials on unmodified or modified substrates [H. Schénherr, F.J B Kremer, J.A. Rego, H.
Wolf, H. ngsdorf'M Jaschke, H.J. Butt, E. Bamberg J. Am. Chem. Soc., 118, 13051~ 13057
(1996) alignment by exposition to macnetlc field (M.B. Boamfa, P.C.M. Christianen, 1.C.
A Maan, H. Engelkamp, R.J.M. Nolte, Physica B, 294-295, 343- 346 (2001)], homeotropm‘
alignment, i. e. face-on, and homogeneous alignment, 1. e. edge-on, by using specific surfaces
[C. Vauchier, A. Zann, P. Le Barny, J.C. Dubois, J. Billard, Mol. Cryst. Lig. Cryst., 66, 103- |
114 (1981)], surface-assisted orientational photocontrol of discotic liquid crystals [S. Furumi,
K. Ichimura, H. Sata, Y. Nishiura, Appl. Phys. Lett., 77,2689-2691 (2000)], drop ca.sting,'spin
coating, rubbing, rubbing with cloth and polarised confocal Raman spectroscopy. A preferred
technique is zone casting (J. Burda, A. Tracz, T. Pakula, J. Ulanski, M. Kryszewski, J. Phys. .
D., 16, 1737, (1983); Patent PRL 131 986 (1981.05.15), reference to which 1s made hereby. |
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As used herein, the term “matching the appropriate work function of the electronic device” is
meant to swmfy that the energy of the electrodes has to match the energy level of the dlSOOT.lC ‘
matenal(s) so that the electron and hole can be separated and be mJected mto a external cir-

cuit.

It is clear to some skilled in the art, that if the electronic devices according to the presen't'in— "
vention are for example used as photovoltaic cells, the arrangement described in the claims
and the specification needs to have an additional layer, which shields the electrode(s) and the_A

‘layer(s) of liquid crystal material(e) from the surroundings. Such layer, in the case photovol-

taic cells, needs to be transparent and, possibly, needs to have a sealing function.
Reference is now made to the figures, wherein

figure 1 shows possible disc orientations within a thin film, with either a homeotropic (i.e.
“face-on”)-orientation or a homogeneous (i.e. “edge-on”)-orientation relative to the surface of

the substrate,

figure 2 shows a field effect transistor (FET) having a homogeneous orientation of the dis-
“cotic liquid crystalline material (Fig. 2a), and a photovoltaic device having a homeotropic

orientation of the discotic liquid crystalline material (Fig. 2b)

figure 3 shows a-schematic V1eW of an interdigitating structure accordlng to the present in-
vention, the structure being coated with an ‘organic layer consisting of two dlfferent types of

discotic liquid crystalline material (differently shaded), and

figure 4 shows a schematic representation (fig. 4a) and a photographic representation (fig. 4b)

of an interdigitating structure according to the present invention,

figure 5 shows the structure of the liquid .crystalline material 2,3,6,7,10,11-

Hexakis(pentoxyl)triphenylene, and '

figure 6 shows the interdigit structure of figure 4b with the liquid crystalline material between

the fingers of the interdigit structure, and
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figure 7 shows a4current-v,oltage plot of the interdigit structure of figure 6.

The invention will now be better understood by reference to the following spéciﬁc example

which is intended to illustrate, not to.limit the invention.

Example

The liquid crystal 2,3,6,7,10,1 i-hexakis(pentoxyl)triphenylene (Triphenylene HTS) shown in

figure 5 was used in the following experiment.

It has the following temperature transition:
K ->Dp 89°C (crystalline phase -> liquid crystalline phase)
Dp ->1122°C (liquid crystalline phase -> isotropic liquid phase)

A small amount of this material was heated up to 100°C and oriented on the top of the inter- - '
digit structure of figure 4b by distributing it by moving a thin covef glaés with a certain pres-
sure. The interdigit structure is madé of gold with an interdigit distance of Spm. The material
. was distributed so that the direction of the longitudinal axes of the columns was parailel to the
substrate surface, and perpendicular to the finger of the interdigit strucfure. This is shown in

the figure 6.

The current-voltage characteristic of the interdigit structure was measured and-is reportéd in,

figure 7.

The resistance that can be calculated is 71 Q and this is an indication that the material in this

geometry shows a good conductivity.

The features of the present invention disclosed in the specification, the claims and/or in the
accompanying drawings, may, both separately, and in any combination' thereof, be material

for realising the invention in various forms thereof.
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Claims

1. An electronic device, comprising:
- a substrate having a surface, ‘

- an electrode array arranged on the surface of the substrate such that parts of the elec-
trode ‘array are arranged in an interdigitating and/or meandermg and/or parallel fash-
ion, _

- at least one layer of at least one cliscotic‘liquid crystalline material, the at least on‘e‘
_material forming columns, each column having a longitudinal axis, the at least one
layer being arranged on the surface of the substrate in a manner such that the longrtu-
dinal axes of the columns are parallel to the surface and such that parts of the electrode
array are connected to each other through the columns na conductivc'marmer, the

conduction mainly occurring along the longitudinal axes of the columns.

2. The electromc device according to claim 1, characterized in that the columns are alroned . ‘

umamally, W1th their longitudinal axes bemU ahgned parallel or roughly parallel

3. The electronic device according to any of claims 1-2, characterized in that the parts of the

electrode array are electrode fingers.

4. The electronic device according._t.o claim 3, characterized in that the electrode array corn-_

prisés at least two electrode fingers.

5. The electronic device according to any of claims 3-4, characterized in that the electrode

array comprises at least three electrode fingers.

6. The electronic device according to any of claims 3-5, characterized in that the electrode

array comprises a plurality of electrode fingers.

7. The electronic device according to any of claims 3-6, characterized in that the plurality of

electrode fingers form at least one comb-like structure.
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10.
11.
12.
13.

14.

- one metal oxic}e and/or the at least one metal is selected to'matchn,the,'work fmicﬁon of the

15.

16.

13

The electronic device according fo claim 7, characterized in that the plurality of electrode
fingers form two comb-like structures interdigitating with each other, or the plurality of

electrode fingers form one comb-like structure and one meander-like structure interdigi-

tating with each other.

The electronic device according to claim 8, characterized in that the two comb-like struc-
tures lie opposite each other, with the electrode fingers of each comb-like structure facing

each other.

The electronic device according to,any‘ of the foregoing claims, characterized in that the

electrode array is made of at least one metal oxide.

The electronic device according to any of claims 1-9, characterized in that the electrode

array is made of at least one metal.

The electronic device according to any of claims 1-11, characterized in that the electrode

arrays is made of at least one metal oxide and/or at least one metal.

The electronic.device according to any of the foregoing claims , characterized in that the

electrode array is made of at least two metals.
The electronic device according to any of claims-10-13; characterized in that the at least
electronic device.

The electronic device according to any of claims 10-14, characterized in that the metal(s)/.
metal oxide(s)/ is (are) selected from the group comprising gold, silver, aluminum, ion,
copper, platinum, zinc, tin, calcium, magnesium, indium doped tin oxide (ITO), fluorine

doped tin oxide (FTO), doped zinc oxide (Zn0O), and ulldOped zinc oxide (ZnO).

The electronic device according to any of claims 3 — 9, characterized in-that the electrode
fingers are made of at least one metal and/or at least one metal oxide, preferably two met-

als and/or two metal oxides, as defined in any of claims 10-15.
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The electronic device according to any of claims 3 — 16, charalcterizéd in that the average

distance between two adjacent electrode fingers is in the range of from 1 pm — 100 pm,

7 “preferably 2 pm - 30 pm, most preferably 3 pm - 10 pm.

18.

19.

20.

21.

22.

23.

24,

The electronic device according to any of the foregoing claims, characterized in that there

are two or more layers of the same or different discotic liquid crystalline material, wherein

one layer is on top of the other layer of discotic liquid crystalline material. -

The electronic dev1ce accordmg to any of the foreoomg claims, charactenzecl in that the

‘substrate is selected from the group comprlsmg glass quartz, flexible substrates (e.g.

polyethylene terephthalate (PET), polyethylene naphthalate (PEN), polyethersulfone -

(PES), stainless steel), and silicon. .

The electronic device according to claim 19, characterized in that the substrate has been

surface modified.

The electronic device according to claim 20, characterized in that the substrate has beenf,

surface modified, to achieve uniaxial alignment.

The electronic device according to any‘ of claims 2 — 21, characterized in that the uniaxial
alignment of columns with the axes being parallel aligned, is achieved by doctor blading,
shearing, rubbing, zone casting and/or orientation by Jaser irl"adiation exposition to mag-
netic field, drop casting, spm coatlng, Langmuir-Blodgett-techniques, Langmuir-Schéfer-

techniques, self—assembllng of or at unmodified and/or modified substrates.

Use of an electronic device according to any of claims 1 — 22 as a solar cell, a field effect

transistor, a sensor and/or a light emitting diode.
A method of fabricating an electronic device, comprising the steps: '

a) providing a substrate having a surface,
b) depositing at least one layer of a discotic liquid crystalline material on the surface,
c) depositing an electrode array on the surface such that parts of the electrode array are

arranged in an interdigitating and/or meandering and/or parallel fashion.
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- 25. The method according to claim 24, characterized in that steps b) and c) are in reverse or-

der.

26. The method according to any of claims 23-25, charactcrlzed in that the at 1east one layer
of discotic liquid crystallme material is aligned such that columns of the discotic hquld
crystalline material are formed, each column havmg a longitudinal axis, which columns

are aligned uniaxially. -

27. The method according to claim 26, characterized in that the longitudinal axes of the col-

umns are parallel to the surface of the substrate.

28. The method according to any of claims 26-27, characterized in that parts of the electrode - -
array are connected to each other through the columns in a conductive manner, said con-

duction mainly occurring along the longitudinal axes of the columns

29. The method acccrding to any of claims 26-28, characterized in that the uniaxial .alignment

occurs as step d).‘

1

30. The method according to claim 29, characterized in that step d occurs after step b or con-

comitantly with b).

31. The method according to claim 30, characterized in that theuhiaxial alignment of the dis-.
cotic liquid crystalline material occurs by a method selected from the group comprising
doctor Blading, shearing, rubbing, zone casting and orientation by laser-irradiation, expo-
sition to magnetic field, drop casting, spin cdating, Langmuir-Blodgett-techniques, Lang-

muir-Schéfer-techniques, self-assembling of or at unmodified and/or modified substrates.
32. An electronic device produced by the method according to any of cléims 24 -31.

33. Use of an electronic device according to claim 32 as a solar ccll, a ﬁel& affect transistor, a

sensor and/or a light emitting diode. v 6
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