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(57) Abstract

In an electrode means for addressing of a functional element (7) there is between a first (1) and a second (2) electrode provided a
layer (4) of electrical isolating material such that the electrodes (1, 2) intersect each other without direct physical or electrical contact and
form a bridge structure. Over both electrodes (1, 2) a contact layer (10) of an electrical conducting or semiconducting material is provided
and contacts both electrodes (1, 2) electrically. In an electrode means with detecting, information storing and/or information indicating
function a functional element (7) with passive electrical addressing of the functional element is provided. The functional element (7) is
provided adjacent to or in the intersection between the electrodes (1, 2) and may constitute a sensor element or an information storing
andfor an information indicating element. The contact layer (3) forms a patterned or integrated a global contact layer and contacts both
electrode layers electrically, and comprises an isotropic semiconductive or conductive polymer, Use in an optical or electronic camera, in
a chemical camera, in an clectrically addressable memory device or electrically addressable data processing device, and in an electrically
addressable display device.




Finally, the invention also concerns uses of an electrode device of this
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elements in the electrode device.
Finally, the invention also concerns uses of an electrode device of this kind.

There are known a number of technical solutions for addressing functional

15 elements, for instance in the form of pixels, on a surface. However, few of
them allow a simple passive addressing of the functional element and a number
thereof requires fairly complicated thin-film transistor technologies. Such very
sophisticated solutions are encumbered with a low manufacturing yield and the
problems are also amplified when a very large surface element shall be

20  covered with functional elements, such as is the case for instance in the
manufacturing of a "screen" which shall consist of pixels.

One solution of the problem with addressing of functional elements is to
provide the functional elements such that they form elements in the rows and
the columns in a x,y-matrix and applying a voltage at x to one row and aty to

25 one column such that a given voltage is supplied at the functional element,
symbolically denoted as Vy + Vy, V, + V, > V,, where V; is a critical
threshold voltage for the process to be controlled by the functional element,
for instance switching of a liquid crystal display material between two
orientation states. In order to cover a surface with rows and columns of

30  functional elements in this way it is required that the rows and the columns are
not electrically cornected in any point, apart from in the functional element in
the x,y-position to be addressed, in other words in the intersection between the
row x and the column y. This is not achieved when it is simultaneously
required that the functional element shall comprise a very large portion of the

35  active surface. One solution to this problem is providing the rows in one plane
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functional elements in this way it is required that the rows and the
colums are R, s rically connected in any point, apart fromin the .
functi onal e| ement in the x,y-position to be addressEFT/NOASHRRer
wor'ds in the intersection bet ween tBe row x and the colum y. This
I's not achieved when it is 35 simul taneously required that the functional
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there are n rd\%hsawglcﬁ @éﬁtﬂﬂ@’,orlf't is 5 necessary to formn[err]
current paths which shall all work. The first object of the_ |,

i nventionSis Hdwechrst gbjechof the inventior iy hencetopigvide an electrode means which

makes possible a passive addressing of a functional element without the
necessity of forming current paths of this kind, particularly where such
functional elements are part of a two-dimensional matrix, for instance formed
as pixels in an image screen.

10  Another object of the invention is to provide an electrode means with a
functional element, wherein the functional element can be given a detecting,
information storing and/or information indicating function. '

A third object of the invention is to-provide an electrode means with a
functional element of the above-mentioned kind and an electrode device

15  consisting of such electrode means integrated in a two-dimensional matrix,
wherein the functional element is not provided between the electrodes but is
located on one side of the electrodes. This will make it possible to form e.g.
image screens wherein the functional element in the form of pixels is turned
towards the outside and exposed to an observer or a sensor device, the

20  functional elements in the form of sensor elements being exposed to the
environment.

A fourth object of the invention is to provide an electrode means wherein the
electrical connection between the electrodes can be generated by using a
contact layer with an anisotropic electrical conductor, something which

25 implies the possibility of providing a rectifying connection between an
anisotropic conductor and one or both electrodes, such that the problem with
constructing a passive addressable electrode device hence is significantly
simplified relative to the prior art.

The above features and advantages are achieved according to the invention
30 with an electrode means which is characterized in that the first electrode is
provided in the form of a substantially strip-like structure of an electrical
conducting material, that the second electrode is provided over the first
electrode in the form of likewise substantially strip-like structure of an
electrically conducting material and in substantially orthogonal intersecting
35 relationship to the first electrode, that a layer of electrical isolating material is
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whi ch makes possible a passive addressing of a functional elenent wi t hout
t he necessi t¥v of formng current paths of this kind, particularly where
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observer or afissredentrodlevis prgvidedin the formfafracsubstantiatly simprilike) struchareodr m of
sensor el emenps RLIh QYRR Fhg Mafell, that the sRB¥hd ERRERBEe is provided over
the first electrode in the form of a likewise substantially strip-like structure of
10  an electrical conducting material and in substantially orthogonal intersecting
relationship to the first electrode, that a layer of electrical isolating material is
provided at the intersection between the first and the second electrode, such
that the electrodes intersect each other without direct physical or an electrical
contact and hence forms a bridge structure, that a contact layer of an electrical
15  conducting or semiconducting material which contacts both the first and the
second electrically is provided over the first electrode and the second
electrode, and that a functional element is provided substantially adjacent to or
at the intersection of the electrodes, said functional elements being configured
either as a sensor element or an information storing and/or information
20 indicating element; and an electrode device which is characterized in that the
electrode means are integrated in a quasi two-dimensional matrix, that the first
electrodes form a patterned layer of row electrodes in the matrix, that the
second electrodes without being in direct physical or electrical contact with the
row electrodes form a patterned layer of column electrodes in the matrix, that
25  the contact layer either integrated forms a global contact layer in the matrix or
patterned is assigned to each separate electrode means, that the electrical
conducting or semiconducting material in the contact layer is provided over
both electrode layers and contacts these electrically, and that the functional
elements provided in or over the contact layer form one or more patterned or
30  non-patterned layers of functional elements provided in respective two-
dimensional matrices, the separate functional element registering with the
respective intersection between a row electrode and a column electrode in the
electrode layers.

The use of the electrode device in an electronic camera is disclosed by the
35 independent claim 35.

The use of the electrode device in a chemical camera is disclosed by the

independent claim 36. —
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A fourth object of the invention is to provide an el ectrode nmeans wherein

t he ‘el ectrical connection between the el ectrodes can be generated by
using a 25 WMt | ayer with an anisotropic el ectrical pcomvdesenr?,
sonet hi ng whi ch implies the possibhlity of providing a rectifying
connection between an - ani.sotropi ¢ conductor and one or both

el ectrodes, such that the problemwth - constructing a passive
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relative to t ri r The above fieature nd v ages are
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char act er i zedindependanticlm 37.st el ectrode is provided in the form of
a substantially strip-like structure of an electrical- conducti ng

mat eri al , thafThehse of timeleetredd dedee isam eleciribatlyaddressitle idisplay device is

| ectrodegi | tially strip-like struct f
gec rodegin ka%lés@&%ekﬂ&%%&&t%i@ﬁ{?ﬂ'a y strip-like structure of an

According to the invention the first and the second electrode advantageously
consist of metal with high or low work function or vice versa.

According to the invention the contact layer advantageously forms a rectifying
electric contact with the first electrode and ohmic contact with the second
10  electrode or vice versa.

According to the invention the electrical conducting or semiconducting
material in the contact layer is an anisotropic conductor or semiconductor,
wherein an anisotropic conductor preferably comprises an electrical isolating
' matrix in the form of a2 non-conducting polymer material and embedded therein
15 at least an electrical conducting material, the electrical conducting polymer
material being separated in domains with an extension at least the thickness of
the contact layer.

Further, according to the invention the functional element advantageously
either is provided in or formed as a part of the contact layer over the

20 intersection electrodes or substantially conformal therewith, or provided as a
separate element over the contact layer and such that it substantially register
with the intersection of the electrodes. Preferably the functional element is
respectively a potential-controlled inorganic or organic metal or a potential-
controlled semiconductor, a current injectable inorganic or organic metal or a

25  current injectable semiconductor or a charge-storing inorganic or organic metal
or a charge-storing semiconductor, said materials comprising electroactive
and/or electrochromic materials whose optical properties change with the
amount of charge stored.

According to the invention it is particularly preferred that the separate
30  functional element is an inorganic or organic metal or a semiconductor which
outputs a response signal as response to a specific physical stimulus.

According to the invention it is likewise particularly preferred that the separate
functional element is an inorganic or organic metal or a semiconductor which
output the response signal as response to a specific chemical reagent.
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electrically cwopdvpdsbg material and in substantially orthog g@k :
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isolating material is provided at the intersection between the first 15
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second el ectrodgy 304 fllfih bHRR HBRbaCkeRE h 42 1a, |

fig. 2a a perspective view of an electrode means according to the invention,

fig. 2b a plan view of the electrode means in fig. 2a,

fig. 2¢ a section through a contact layer made with an anisotropic conductor -
15 embedded in a matrix,

fig. 3a a perspective view of an electrode means with a functional element
according to the invention,

fig. 3b a principle view of the structure of a functional element and
particularly realized as a sensor element,

20  fig. 3¢ a section of the electrode means in fig. 3a,
fig. 3d a plan view of the electrode device in fig. 3a,
fig. 4 a first preferred embodiment of the electrode means in fig. 3a,
fig. 5 a second preferred embodiment of the electrode means in fig. 3a,
fig. 6 a third preferred embodiment of the electrode means in fig. 3a,

25  fig. 7 the electrode device according to the invention and implemented with
input and output means for driving of the electrode means and detection of the

output signals,
fig. 8 an equivalent diode network for the electrode device according to the
invention,
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20 provi ded substantially adjacent to or at the intersettion of thé'-
el ectrodes, s@ighessszs functional elenents being configured_ eit her2 gs a

sensor el enent or an i nformation storing and/or i nfdrtPBRe 1

i ndi cating el enent; and an el ectrode © 6 device which is characterized
in that the el ectrode neans are integrated in a guasi

t wo- di nensi ona trix, that the fiyst electrodes forma patterned | ayer 25
of row el ect roé%gsi ?W%cmy Fh%(‘,"set?{a‘gele trode dgvice aseordingto the dnvantionei ng
in di r eintanpdptival et elettrohieWateg®t! contact with the row el ectrodes
forma patterned layer of columm electrodes in the matrix, that the

contact |ayer fg!fPéchematically feAtietfate %%%dﬁd@ﬁ@?%bc&ﬁl#fﬁtmé Fentioll t he

matrix or patterned i.s .assidgned o each separate electrode neans,
that the el ect‘Pi%g}el@Bﬁﬁi‘Hﬁg 30 sem conducting material in the

contact layer is provided over both el ectrode . | ayers and contacts
these el edtri g i/)l schamatipally thecuseinfshe elegtrode davine gccording toghe imveationn or
over the cont ggta disyRy de9ice) one or nore patterned or non- patt er ned

| ayers of functional elenents provided in respective two-

o o . . ! . . o th
55" eepect LB T Ahoblin DEABEGHT: VW dd HGkode R rehfibE hiiqriheto " 1
el ectrode in tpfor art, Le. inthecformns 4 sapdmich structure wherein,g layer of petieg ect r ode

device in an emgeiabBipRVIdRdover adiiSELIREREAOY, inMis case active polymer and

10  provided thereabove again a second electrode 2, for instance an indium tin
electrode on a not shown glass substrate, The active polymer 3a may include
light-emitting polymer diodes which exploit the rectifying connection formed
between a conjugated polymer and the metal electrode 1. A number of these
polymers is of the P-type and hence a rectifying connection may be obtained

15 by the contact to a metal with low work function such as aluminium, calcium
or indium. Electrode means wherein the polymer is sandwiched between two
electrode layers have formerly been used for photodetection purposes. In most
of these means it is common that one of the electrodes mentioned is a
transparent indium-tin oxide (ITO) on a glass substrate, while the first

20  electrode 1, i.e. the metal electrode, is made in the form of a layer which is
evaporated onto the polymer material. In these means light will pass through
the transparent side of the sensor. An electrode means of this kind is
commonly used in light emitting devices. The same geometry may easily be
extended to the construction of a photodiode matrix. As the polymer material 3

25  will be located between the electrodes 1, 2 the deposition of the first or lower
electrode may, however, easily damage the overlying polymer material. In the
evaporation metal may for instance percolate through the polymer material and
form short circuits, and chemical reactions may take place which may change
the polymer material. If a photoresist-based method is used for patterning the

30 first or lower electrode in an electrode means in sandwich construction, the
polymer material must be able to withstand all solvents and etching agents
which are used.

As the active polymer material is located between the electrodes 1, 2 the
electrode means in sandwich construction further will be less suitable for a
35 number of purposes. For instance it cannot be used for addressing detector
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I ndependent cl ai m 35. The use of the electrode device in a

chem cal canmer wow/sizscl osed by the Lndependen%cﬁﬁgﬁghgg.

The use of the electrode device in an electrically addressablé

devi ce 5 or electrically addr ess3bl e data processi ng device i s
di scl osed by the I ndependent cl ai m 37. The use

of the el ect ros&?ﬁ-g %gn%gwgﬁﬂﬁ e G2 slxx's aggﬂt‘ga%&p{he reagtﬁlga’c\é S%%t\:lll ¢

is disclosed b
c emlcal species unless these are able to penetrate through one of the layers. If

the electrode means in the sandwich construction are used for addressing of
detector matrices in electron cameras or pixels in display devices, this
5  presupposes also that at least one of the electrodes is transparent.

Fig. 1 b shows a plan view of the electrode means in the sandwich construction
of fig. 1a. The active area 3' in the electrode means is shown hatched and is
formed as will be seen, by the whole area which is located between the
electrodes 1, 2 in the intersection. That should imply that the sandwich

10 construction of an electrode means is very well suited for use as a
photodetector, as the active area 3' is the product of the electrode width and
hence will generate a relatively high photocurrent. '

The electrode means according to the present invention is realized as a bridge
structure, as this is shown in perspective in fig. 2a. Herein the first electrode 1,

15  for instance an aluminium electrode, is formed on a not shown substrate which
for instance may consist of silicon. Over the aluminium electrode 1 a layer of
electrical isolating material is provided and on the top of this layer the second
electrode which similarly may be a metal, for instance gold, is provided. The
material in respectively the first and the second electrode 1, 2 shall have

20  different work functions for reasons which are to be discussed in more detail
below. The isolating layer 4 needs only to be provided at the intersection
between the electrodes, i.e. where the electrodes 1, 2 overlap each other, such
that they hence form the bridge structure and intersect each other without
direct physical or electrical contact. The isolating layer 4 is preferably

25  deposited by means of spin coating, such that it is formed as a thin film. As
shown in fig. 2a and in plan view in fig. 2b, the electrodes 1, 2 are
substantially realized as strip-like structures and provided mutually orthogonal.
By the intersection of the electrode it shall hence in coarse features be
understood the area which two electrodes mutually cover and which hence

30  substantially will be equal to the product of the electrode width. As shown in
fig. 2a, the upper surface of the second electrode 2 is exposed. If the isolating
layer 4 i3 deposited such that it covers the whole first electrode 1, the isolating
layer after the second electrode 2 has been deposited may be removed where it
is not covered by the second electrode, for instance by means of etching.

35  The electrode materials themselves may be deposited by evaporation and if the
first electrode 1 is provided on a substrate of for instance silicon, it may be
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According to the invention the first and the second el ectrode

advant ageousl ¥v 10 consist of netal with high or | ow work funct I on
or vice versaVO%@8%ding to the invention the contact |ayepceRusmonageous! y
forms a rectifying electric gontact with the first el ectrode
and ohm c contact with the second el ectrode or vice versa.
According to the invention the elec¢trical conducting or sem conducting

15 mat er i al growntdneoxide iser oha:he sutfacessf theisHidon forcinsRnds! Wxﬂf aor

sem conduct or n_ani so n uct ferably
conpri ses an Spickpess %ﬁab"é%llﬂﬁﬁor €T o ensure: etlec(gﬁﬁaflﬁ;g?l g a .
non- conduct i ngmeansyisuadedinean integrated pranessjde. with a plurality of d:lhe!raxiermea.nsl east
an el ectrical &Pﬂﬁ'é'ﬁﬁdﬂﬁ guRieSsubsirate! MRe @lREOUES Ble Vi) g:%%bﬁféd, for mstance

pol ynmer erial se ar at ed d ns wth. an’e | on t the
20 ~ t hi cknessVHR ateth’e‘:%{1 %@&mgggb nm, as thinner g FH@?S ea&@é’d?%ﬁaﬁb to

t he invention dmgedrdm‘mgrthb embmgapntocask/ﬁmte@eumglwperﬂuous pomons oftheher is
provided in oricbREAE ‘i%fb? As e fsofin] teﬁaf&%e

i ntersection ect or g% y co or .provi ded
as a enzoc ﬂ teRe ?b‘Hﬁ%F 1338 that it
substanti al | y megjtydemss was spin coated on the top of the first electrode and the substrate in

10  the course of 30 s with a spin rate of 1000 rpm. The curing of the isolation
layer lasted 1 hour at 200°C. The thickness could vary from 200 to 400 nm
depending on the solution temperature before the spin coating.

In one embodiment the gold electrode was vapor-deposited on the top of the
isolation layer 4. The mechanical stability of gold on benzocyclobutene,

15  however, is poor and hence a 2 nm thick layer of chromium was vapor-
deposited before the deposition of the gold electrode. The thickness of the gold
electrode proper was 50 nm. As mentioned above, the portion of the isolation
layer 4 which is not covered by the second electrode 2 is removed. By using
reactive ion etching this removal process took less than 2 minutes and a means

20  with a structure as shown in fig. 2a then appeared.

Over both electrodes 1, 2 a contact layer 3 of an electrical conducting or
semiconducting material shall now be provided and which contacts both the
first and the second electrode electrically. The embodiment of the electrode
means in fig. 2a with the contact layer 3 deposited is shown in plan view in

25  fig. 2b. Along two opposite side edges of the second electrode 2 and to the
first electrode 1 the contact layer 3 forms active areas 3'. These have much
smaller extension than which is the case in the embodiment in the sandwich
construction, but the difference in current values will be inessential when the
electrodes 1, 2 are made extremely thin. In the following discussion of the

30  embodiment of the contact layer 3 the point of departure is that the electrical

' conducting or semiconducting material in the contact layer is an anisotropic
conductor or semiconductor. Specifically the discussion will be directed
towards the use of an anisotropic conductor made of polymer materials. It is,
however, nothing against that in certain embodiments it often may be

35  expedient to use an anisotropic material in the contact layer 3. By the first and
second electrode 1, 2 for instance comprising a metal with a high or low work
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25 W th theg ction of the electrodes. Preferably the functional
el ement is SwoBhs3s respectively a potential -control | edP¢HRPHME?E or
organic netal or a potential - 9controll ed sem conductor,” a ..
current injectable inorganic or organic netal or a current -
I nj ectabl e sem conductor,or a charge-staqring_inorganic_or organic

metal or a chariyBcHeBOr Yifeswersss sheicontast layer 3 asmeationed above,wilt forn a

30 el ect r oacfectifying eleetricil RohtacE Withthe fiFsi éle¢dde 1Van8 an QRIMi6 dbntact
properties n gﬂari?&f&gt t he ampunt of charge stored.
According to t hWiththeseqond & €afPt V0IYAF%y preferred that the separate
functional elenent is an inorganic or organi¢c netal .or a iem' conduct gr
whi ch The confaetjayer 3, Witktuamispteopic ganduciar isshevmsschematicaliem figc
physi cal st§ nmul2t The contact layer comprises an electrical isolating matrix 6 in the form of a

non-conductive polymer material and embedded therein at least an electrical
conducting polymer material 5. As shown in fig. 2d the electrical conducting
polymer material 5 is separated in domains with an extension at least the
thickness of the contact layer 3. A person skilled in the art will easily realize

10  that if a contact layer 3 with an anisotropic conductor forms ohmic contacts
with both the first and the second electrode 1, 2, it will not be possible to
selectively address the intersection point between the electrodes. Selective
addressing requires that exactly one of the contacts is a rectifying contact. It is
well-known that metal contacts of undoped and doped conjugated polymers

15 may be rectifying. This is for instance the case for contacts between
aluminium and doped or undoped substitutes of polythiophenes. On the other
hand gold forms an ochmic contact with these materials, both in their doped and
undoped states. By the first electrode 1 being made in aluminium, the
anisotropic conductor will if it is formed of a polymer mixture, always form a

20  rectifying contact with the first electrode 1, while the contact with the gold
electrode 2 on the top will be ohmic.

With regard to the design of the contact layer 3 it shall generally be remarked
that materials with high electronic conductivity normally are present or are
used in isotropic forms. When a microscopic anisotropic conductivity is

25  present, it is only when single crystals of metallic or semiconducting materials
are used that these anisotropic conductive properties clearly appears as a
macroscopic anisotropic conductivity. It is, however, a2 number of situations
wherein anisotropic electrical conductivity may be attractive and a number of
hybrid materials and devices with these properties are used in the art. These

30  often consist of composites of conductors in isolators which by some process
or other have been designed such that anisotropic electrical conductivity is
provided. For instance are elastomers used in so-called flip-chip contacting.
Also anisotropic conducting adhesives based on a matrix which includes metal
particles are known. These are normally used in thick-film structures.

35 A very simple realization of anisotropic conductivity may be obtained with
films of polymer mixtures between a conjugated and a conductive polymer and
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According to the invention it is |likewi se particularly preferred that -the
separate functional element is an inorganic or organic netal or a
seni conduct or ¥RPUFPBuL put the response signal as response mxmwwmlzflc 5

chem cal reagent. According to thgg nvention it is also -
advant ageous that the el ectrode device is realized in thin-film
technol ogy, and that the functional elenment |ayer is f or med by

dep85| ': i on of i at Jeastyonermataixepolymenwhich isdselating, Nérntalli # ghase separation is t
10" pol yrer 2 o éggga“&gf’;ﬁ% (s K (SR E, RS Bhna) PR RUERIE T,
Further featurB &'g‘}g h@dwmmr@e odsfoxitsl by t he
addi : tio ngl ﬁp pmdndfpemtthe Icanmated polymersToemi damtli;s gﬂth&\k,imﬁﬂé:egrsg}/vefg e
o the acchmalioiE P ﬁ}’ég K R enigkness, -4 186 ERcEs B Iretandact? U
view of an el etawpbd@chrﬂ@m econsugting domains ave exposed at both the upper and
lower side of the film, it is possible to provide these films between conductors
for forming electrical contact. By choosing a stoichiometry of the polymer
mixture such that the conductivity parallel to the film is very low due to
10  absence of two-dimensional percolation paths, it is easy to form a thin
anisotropic conductor as it is schematically shown in fig. 2d. The anisotropy
relationship between the conductance along the perpendicular to the film and
the conductivity parallel with the extension of the film direction may easily be
several orders of magnitude. A film of this kind may easily be made by spin
15 coating from a solution of one or more conjugated polymers or one or more
isolating polymeré. The film may also be made with solvent casting, melt
casting or even with coating with the use of a solution or gel.

Preferably the non-conducting material is selected among the class of homo-
and copolymers of polyacrylates, polyesters, polycarbonates, polystyrenes,

20 polyolefines or other polymers with a non-conjugated backbone. Particularly it
is preferred that the non-conducting polymer material is polyemetacrylate
(PMMA).

Preferably the electrical conducting polymer material which furnishes the
contact layer with its anisotropic conducting properties may be selected among

25  the class of polyheterocyclic polymers such as substituted polythiophenes,
substituted polythiophenvinylenes, substituted polypyrrols, polyaniline and
substituted polyanilines, substituted polyparaphenylvinylenes and their
copolymers. Particularly it is preferred that the electrical conducting polymer
material is poly[3-(4-octylphenyl)-2.2"-bithiophene] (PTOPT).

30 A contact layer with a thickness of 100 nm and consisting of PTOPT in a
PMMA matrix was deposited on a gold surface. By means of atomic force
microscopy (AFM) it was confirmed that the domains extended through the
100 nm thick contact layer to its surface and was fairly evenly distributed
therein with a typical diameter in the cross direction of a few tens of

35  nanometers.
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fig. 1b a plaRyybfigasal the electrode nmeans in fig. 1a, fig.
perspective view of an el ectrode neans according to the inverftFRpPe/00212

fig. 2b a plan view of the el ectrode neans ip fig. 2a, fig. 2c a-
section through a contact [ayer made with an anisotropic conductor 20
enbedded in a matri x, fig. 3a a perspective view of an el ectrode

means with a fulNow malccﬁod&mﬁans with a fiantiondl elgnient 7ivwhich neayt havre, a

fig. 3b a princ

particularly regﬁegu# 'as a ag]&ﬁ s%&étfg#ﬁ@r ﬁlf.fggniﬁmfﬂéﬁ é@glg%xgg& 8@9? t he
el ectrode meansdeseritied. Paricularly the funetipnat elemant Frmey ew edectricalliesensitivede
device in fig. gHemically sensitive, photo-sensitive or radiation emitting element, and the use

5 of the electrode means according to the invention will allow passive electrical
addressing of the functional element. The functional element 7 is provxded
adjacent to or in the intersection of the electrodes 1, 2 and may either be
provided and formed as a portion of the contact layer 3 over the intersection of
the electrodes and will then substantially be conformal therewith, such that the

10  functional element 7 substantially corresponds to the active areas 3' as shown
in fig. 2.But the functional element 7 may also be realized as a separate
clement and provided at the intersection of the electrodes 1, 2, but on the top
of the contact material 3. Such as this is shown in perspective in fig. 3a, the
first electrode 1 is provided on a not shown substrate and for instance made of

15  aluminium. Above the aluminium electrode an electrical isolating layer 4 is
provided and on the top of the electrical isolating layer a second electrode 2 of
a second electrical conducting material, for instance gold. Everywhere where
the isolating layer 4 is not covered by the gold electrode 2, it is etched away
such that no direct contact is achieved in the intersection between the

20 electrodes 1, 2 and neither any electrical contact. Over the intersection of the
electrodes 1, 2 the contact layer 3 is provided and on the top thereof and at the

intersection such that it substantially extends somewhat beyond thereof, the
functional element 7 is provided, for instance in the form of a sensitive

polymer.

25 If the functional element is to be used as a basic element in a matrix device,
such as is further discussed in connection with fig. 7, it must either be
connected to a diode structure and have an inherent rectifying behaviour in
order to avoid crosstalk problems in passive addressing of the matrix device.

The principle structure of the functional element 7 realized with a detecting
30  function is shown in fig. 3a. The first electrode 1, here indicated as a metal
electrode of aluminium, forms with a first polymer material P1 in the form of
PTOPT a rectifying Schottky junction, wherein the metal forms the cathode. A
second polymer material P2 forms the active or detecting element itself and
may be designed such that it changes its conductivity by a physical or chemical
35 stimulus. The second electrode which is designed as a metal electrode of gold,
comprises the anode of the structure and forms a non-rectifying connection
with polymer P1 (PTOPT). —— T T
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fig. 4a first preferred enbodi nent of the electrode neans jn fig. 3a,
fig. 5 a second ypreferred enbodi nent of the el ectrode neans in fig. 3a,

6 88325 ¢ hi r d preferred enbodi nent of the el eceemnesveans in
fig. 3a, fig. 7 the el ectrode d ?I ce according to the inventi-on
and i npl emented with i nput and ouf'put neans for driving of the™
el ectrode. neans and detection. of t he out put signals, 5

fig. 8 an equi Xhimsinfuml ivideselsttotbistht Micthl'6f th dixbt €1d6trokdy) ias &t RACREH ANEwW 0
the | PSR InMon as 4.3 eV. The gold anode has a higher work function, namely
5.2 ¢€V.

With the use of a structure or geometry as shown in fig. 3b it is possible to

5  monitor the conductivity state of the sensitive polymer P2 which here is
denoted as POWT, directly from the current-voltage characteristics of the
means. Experiments show that the rectifying efficiency of a junction between
Al and doped PTOPT was poorer than with a junction wherein undoped
PTOPT was used, even if the current strength for a given voltage was :

10  substantially higher. However, it is regarded that the rectifying property of the

junction is more important than the bulk conductivity and hence preferably
undoped PTOPT was used in the sensor element. '

As PTOPT is soluble in non-polar solvents, a polymer soluble in polar solvents
must be used for sensitive polymer material, as the PTOPT layer otherwise

15  would be destroyed during a spin coating of this polymer. A water soluble
polythiophene was chosen, namely poly(3[(S)-5-amino-5-carboxyle-3-
oxapentyl)-2,5-thiophenyl hydrochloride] (POWT). This molecule has an
unprotected amino acid side chain which shows a remarkable solvent
dependent specific rotation and circular dichroism spectrum, something which

20  is interpreted as being caused by a partial interconversion between syn- and
antiorientations of the adjacent side chains along the polymer chains. This
polymer is also soluble in methanol and dimethyl sulfoxide. It can be doped
with iodine (I,) or with a acetonitrile solution of nitrocyltetrafluoroborate
(NOBF,). This polymer material (POWT) has the remarkable property that it is

25  possible to link different protein species to the amino acid side chains of the
molecule. Hence it may be possible to use a protein which has the effect of
changing the conductivity of the polymer as a reaction to the biochemical
stimulus, something which may be of great interest if the functional element
shall be used as a detector for specific chemical reagents. The functional

30  element 7 designed as a sensitive polymer may be spin coated or deposited
such that it forms a pattern on the top of the contact layer 3, as this is shown in
fig. 3a. In this geometry the current will pass through the sensitive polymer
material and follow the current path which is mentioned, viz. from the second
electrode 2 of gold to a PTOPT layer and further through the sensitive polymer

35  POWT to the junction between the PTOPT and the first electrode 1 of
aluminium.
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fig. 9 schematically the use of the el ectrode device according to the

i nvention WO 99/0832§ an optical. or electronic camera, PCT/NO98kbg92 10
schematically the use of the el ectrode devi'3ce according to the 10 :

i nvention in a chem cal camera, and fig. 11 schematically the Use
of the el ectrode device according to the invention in a display

device.  Fig. The furfctional lemat F 06} ityeddf Bk AWorfior bf i Ssitadans 7 waldnzed
Sherein o | ayesorstspaRis L area Whih isfhoiyeted B e Slpefional et &8 shopnth®
el ectrode 4, ifigt3a andthecactiveiareasmnfl thefunctivhal elements wild dhedein relétyeabove
29n0t Shov g1 SHTEPORATE te actfle drlE s 4 fadth Wb, 2B, Wi the portion 6F 1 00 ON
| i ght - eni t2 i ngconiastiayerd Ui\&h igpeated pp|ametsideref themerend glgcraded @ndon

f or med efiehdeRthe firen¢learddil Retlerértiie side cif€ of HiedfirsebRerbdele 1. A

“onnect i on nayAsereEHs A Elelmode. e, A8 and REE 3¢ WMARREEIReL T Hei or
function such amsd aiplan viewnof the leléctrode means whareinthie functitinal elembat Fdans
wherein the pohyEded a5 & S¢}Arate RBtpBRENEST tHe¥dp of the contact layer 3 and over the
10  intersection of the electrodes 1,2. The functional element 7 may in any case be
accessed both from the first and the second electrode. Depending on the
material used in the functional element 7 it may have a detecting function, i.e.
function as a sensor, have an information storing function, i.e. designed as an
electrically addressable memory element or it may have an information
15  indicating function, e.g. by being designed as a radiation emitting element.

If the functional element 7 is realized with a sensor function, it may be for
instance be made such that it gives a variable resistance as a result of a
stimulus, for instance as a response to a biological material, a chemical
reagent, light radiation or pressure, and the output signal will be a current. The

20  functional elements 7 may also be designed in a material whose electrical
properties may be controlled or changed by applying a voltage or injection of
current and charge.

If the functional element 7 particularly is realized with conjugated polymers as
~ mentioned above, the electrical or photoelectrical properties of these materials

25  make it possible to detect the presence of dopant species or incident light by

the conductivity of the material being changed. In addition also conjugated

polymers, as mentioned, may emit light by forming domains 5 which function

© as light-emitting domains. Further it is possible to modify properties of .

conjugated polymers in this respect by tuning their sensitivity and selectivity
30  vis-a-vis a specific chemical reagent or to a specific wavelength. A number of

conjugated polymers has these properties, but particularly it has been preferred

using substituted polythiophenes (PTOPT).

With reference to figs. 4, 5 and 6 it shall now be described how the functional
element may be addressed and controlled.
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el ectrode layers have fornerly been used for photodetection purposes. In
most of these Wﬁﬂﬂﬁést is common that one of the electrodes nentioned is a
25 transparent indiumtin oxide (ITO on a glass substrat FCTNQIBEI2Ihe
first electrode 1, i.e. the netall4lectrode, is made in the form of
a layer which is evaporat ed onto the pol yner materi al. In these

nmeans | i ght s through ransparent side of t sensor.
el ectrode nealﬂégg)ali‘?W%a REGHeD gthane lectzpdamegns with 3 P@l‘ﬁl eé‘?ﬁ‘?ﬁtl"ng

devi ces. The dnnie fpronef 4 yensoy eleatent prdvdédétDover the comderiayer 3 Aptheonst ruct i on
bet een t he oRBSRSHR 05%31?%%9%&&”2 aRE bt in e Fgre%o.“ffai Cletnt T
el ect rode nay mustwethis casssbe 4 gonducior eigh of ovganis priposganicrmetatearer | aI
In the evapor abinddbndBter. SFetificdlly dﬁ%(‘;ﬁé&&d&%&“ﬂs%ﬁ% larie YRbwh hgaftel ¥oET
meterial and (o1 lbe Q«?&rtess%hé Wilh eigar o £51 Tstance wiifiag of 3 liquid rystal - P 2°©

element provided over a functional element 7. The liquid crystal element may

then be regarded as a pixel in a liquid crystal screen. The liquid crystal

element 8 contacts an electronic conductor 9 which forms a third electrode of

10 the electrode means. The intention is now that the voltage addressing takes
place with a waveform such that some specific process which in this case will
be the orientation state of the liquid crystal element 8, is controlled.

If the electrode means in fig. 3a is used for driving a liquid crystal display, it 1s
only necessary with voltage as the driving does not require particularly high

15  currents. If the liquid crystal element in fig. 4 are intexrchanged with an
electroluminescent element 10, this will require substantially higher currents,
but the principle for driving is once more very similar to that for driving of the
liquid crystal display. In this case the electronic isolator 8, i.e. the liquid
crystal element, is replaced by a homogenous layer 10 of an

20  electroluminescent material, preferably conjugated polymer, as this is shown in
fig. 5. Over the electroluminescent layer 10 there is once again provided a
third electrode 9 in form of an electronic conductor 9 which covers the whole
layer and it is addressed simultaneously with the functional element 7 such
that current passes through the electroluminescent layer 10. In this connection

25  itis essential that a sufficiently high current can be injected in the functional
.element 7 such that the polymer material in the electroluminescent layer 10
becomes light-emitting. The functional element 7 is here a current injectable
inorganic or organic metal or a current injectable semiconductor,

If the functional element 7 is realized as a charge-storing inorganic or organic

30  metal or a charge-storing semiconductor, it may further comprise electroactive
or electrochromic materials. The electrochromic material may once again
preferably be a conjugated polymer and the functional element may now be
realized as a pixel in an electrochromic image screen as it is shown in fig. 6.
Above the functional element 7 there are in this case provided a solid

35  electrolyte layer 11, preferably in the form of a thin film of polymer
electrolyte, and thereabove a third electrode 12 of an electroactive material. By
current and charge addressing of the functional element 7 the state of the
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whi ch may change the polynmer material. |If a photoresist-based nethod is °
used for pattewoismgsstshe first or |ower electrode in an electy [
sandwi ch construction, the polymer material_ nust be able to wthstand all
sol vent.s and etching agents which are used3 5 As the active polyner
material is |ocated between the electrodes 1, 2 the el ectrode

means i n sandw eI  t.abl e f

nunber of purpf}ggg 8"'#%&%]("“%2?%% %gﬁﬁé‘%ﬁ \%wglgad\gggglfe:t}gaadet ect or
matrices consieurrens pessesdhiough the pelymerslegiralyte bl anditheraxerlyling) to specific
cheni cal Spec'ﬁécﬁ'@d&ﬁ% cléfdieare WhELtHiO tAkR8 pldcR! thel Sy16hIOGE mae of the

| ayers. e el ec i.n th sand h const,r n are
used for addr e%lg?‘ﬁ hiGmic ma&erbqq %g"eﬁ’tnﬁpmﬁ]t ;elpp}ggt w&ﬁ@@ét@ér&’ém&
pi xel s in §i sptvdycdmm\memnltthe snjected chargepammqgansémambm t’lﬂns isathe |baﬁst one

of the electro f
the el ectrode gnﬁ?;legéllcﬁfé H ?srlfrgbfelﬁcu'ochmmxcﬁﬁﬂ ﬁlgﬁ)uct [ on KE%&#he
‘active area 3 fargeyersible msta!@nrﬂanﬁowugnomdr ‘E’Eﬁéﬂ t%l is forned

aIS will dbe i ee%lecﬁdcﬂgbﬁx&ﬁhh%cﬁeﬁ&nmltﬁéh bé cbﬁfbgidi‘ﬁmﬂl a readm@&iﬂﬂﬁeﬁtat&e
ol ecty odes 1. el ARGl SISRBR. 7 g SR8 SR ol ) Shange i o
a 10  resistivity when the dopmg state changes, it is possible first to control this by
injecting current through the functional element 7 which is contacting the
electroactive counterelectrode 12 over the interposed solid electrolyte 11 or
polymer electrolyte. This changed doping state may thereafter be found by
addressing the functional element 7 with a current and reading the resistance
15  of the functional element. Preferably there may in this regard also be provided
an electronic conductor 9 above the electroactive electrode 12. This may be
used for realizing a memory element. Even if writing and reading in this case
takes place with low speed, this embodiment makes it possible to integrate
such memory elements in a two-dimensional matrix and stack such matrices
20  above each other, such that a volumetric data storage device is obtained.

The electrode means as shown in fig. 3a and in figs. 4, 5 and 6 may easily be
integrated in a quasi two-dimensional matrix to an electrode device 13 wherein
the electrodes 1, 2 in the separate electrode means now forms continuos strip-
like structures which respectively comprise rows and columns of electrodes 1,

25 2 in the matrix, the rows in the following being denoted as the x electrodes and
the columns as the y electrodes of the electrode device.

The electrode device 13 implemented as a two-dimensional matrix is shown in
approximate block diagram form in fig. 7. The matrix which more correctly
may be denoted as a quasi two-dimensional matrix, as it necessarily must have

30  a certain thickness, is over a line 14 for the drive voltage or the row electrodes
of the x electrodes connected with an I/O converter board 16 while a line 15
for the output signals from the y electrodes similarly is conveyed to the /O
converter board 16. The output signals from the y electrodes are converted into
a voltage and output on a line 17 to an A/D converter board 20 wherefrom the

35  digitalized output signals or response signals may be conveyed further to a

' suitable data processing device on a data bus 21. The data processing device

may be a common PC or a dedicated work station, and it is not shown in the
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phot odetector, as the active area 3' is the product of the electrode wdth
and hence will generate a relatively high photocurrent. 20 The
el ectrode meals *28¥& di ng to the present invention is realipcwiNassoeipri dge
structure, as this is shown in perspectiyg in fig. 2a. Herein the first

el ectrode 1, for instance an alum niumelectrode, is formed on a
not shown substrate whi ch for instance may consist of silicon. Over
t he al um ni unﬁghmcmrhnielﬂébrthe drive voltige of theetose lectrote, ise lthdit Biasmat eri al

s provided aphpR, id\Gulififly%on gg@ﬁa%%e%gncoM&eﬁssea%@ R Ayt on

simlarly may ance

material in r%@é@ﬁ@ﬁd ’iﬁ]@gﬁhet; mmetsnlscmdml%f@@phsm Ihe glectrode
shal | have di fdwtebé drivek. Tuhié madig omie élea&ed@dmbs h3 %@céﬁa%aﬂéﬁ?ussed

in nore. detail be The er needs o
provi ded At t Ry now mtegrp{#\gpgg&glgﬁﬂ 59&2?#3{ 3} l%/“‘Qet?“’v\,here t he
el ectrodes 1, electrical temdw@ing or semidondutting mtarialtolﬁahe cdmgctﬂeymmr&or m t he

bri dge S””“Wc‘iteﬂ’% E%Bﬁ{%Fa fé’“ﬁpers mdfon@icl?sefhe\%taﬁgﬂicaﬁ%l §hk Physical or

el ectrical contact e IS0 de osited by
means of spi niunsional glements "téﬁ’&tea?ll 3%‘5“96‘? megng may t%eri’f vided int the F‘PIFFPCtAs

shown in fi gslayépamdiforiiba part theredf, alie firitionsl élegienthentbeénelfifedotde 1, 2
1105 A e D B e
hence i n coar &k¢ included in the matrix of the electrode device 13. The functional element 7
may also be provided as separate element and assigned to each of the electrode
means, such this is shown in fig. 2a. In principle that may take place by the
functional element 7 being provided in a layer above the contact layer 10 and
15 patterned such that separate functional elements are obtained for each
. electrode means 2. This is, however, no prerequisite as the functional elements
7 very well may be formed in an unpatterned layer of material which forms the
functional elements and which is deposited over the contact layer 3. First by
the addressing the functional element 7 is generated as an active structure
20  assigned to the separate electrode means in the matrix.

The electrode device in fig. 7 may also be provided with more than one layer
of functional elements 7, as the separate layer of functional element then must
be separated by an electronic or ionic conductor layer.

Fig. 8 shows a simplified electrical equivalent model of the network formed by

25  the x electrodes and y electrodes 1, 2 in the matrix of the electrode device 13
in fig. 7. At each intersection between the row electrodes and the column
electrodes a diode 23 which in each case has the same conduction direction, is
generated. Possibly the electrode device may also be realised with an inherent
rectifying function in order to avoid crosstalk problems by addressing, cf. the

30  description above of the functional element in connection with fig. 3a and the
immediate preceding section. The selective addressing of the separate
electrode means 26 namely requires that a rectifying contact is present in each
electrode means, for instance between the first electrode 1 and the contact
layer 3. When the functional element 7 in an electrode means 26 in an x,y

35  position in the matrix shall be read, a current transition between adjacent
locations (x+1,y), (x~1,5),(x,y+1) or (x,y-1) must not take place. This is
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features be understood the area which two el ectrodes nutually cover and
whi ch hence suP9%R8%2%I1y will be equal to the product of theceNesidede

wi dt h. As shown in fig. 2b, the second eL.Fctrode 2 is exposed before the
contact |ayer 3 is deposited, as indicated in fig. 2a or shown in fig. "3.
If the isolating layer 4 is deposited such that it covers the whole first

el ectrode 1, tbeidefiofrom fig $ WRfefedih Of islsRen HMEAWE Pposité Atlfes bk Peen

deposited may t)c;e @n@%%gugﬁ&d%mds not covered by“the second el ectrode,

for instance by The el ectrode materials thensel ves may

be deposited by evaporati opn and j . the first .electrode,1.is provjded on a
subst Iroate of fﬁvlaﬁgqealﬁggo S| pIro ,edixgnm;gxfarm in the electrode dewcg, such as

shown in fig. 8, current only will pass through the contact layer 3 or between
5 the electrodes 1, 2 in the active area 3' such as shown in fig. 2a. If

simultaneously for instance a physical or chemical stimulus changes the
conductive properties of the polymer material in this area, for instance due to
incident light, the change will be detected by application of voltage and
reading of the corresponding current of the output signal. If the electrodes 1, 2

10 in an electrode device are floating, i.e. the x electrode 1 is not biased, the
current from the functional elements will also pass through adjacent functional
elements in the electrode means with floating electrodes. This problem is
solved by earthing the electrodes 2 as this is shown in fig. 8 by using
current/voltage converters 23 in all columns between their output and earth. As

15  the input impedance of this current/voltage converters 3 is negligible, all
column electrodes may be regarded as grounded. Preferably a buffer voltage
was supplied to a selected row electrode 1;25 as all other electrodes 1;24 were
floating. Then two advantages are obtained, namely that the current in each
column of the other electrodes 2 only depends on the functional element

20  identified by this column and the selected row and that all functional elements
in the same row in principle may be monitored simultaneously. By monitoring
of the electrode device there was in one embodiment used a specially designed
current/voltage converter board 16 which also applied the positive bias current
to the chosen row 1', while a commercially available A/D converter board was

25  used. The electrode device 13 may preferably be software-controlled over for
instance a PC as this is indicated in fig. 7, and it will over an interface of this
kind be possible to select the voltage which can be applied to the rows and a
possible waiting time before the first measurement is taken. The last feature is
expedient with regard to avoiding transient phenomena such as capacity

30  currents and it has in practise turned out advantageous to wait about 200 ms.
The detected output currents may have a magnitude of a few pA such that
noise generated from a network in the matrix thus may be a source of ermror.
This disadvantage may be alleviated to some degree by including a very simple
lowpass filter implementation by reading each functional element 2 number of

35  times at a frequency selected by the user and average the measured values. As
expected the best results were achieved by using monitoring periods which
was a multiple of the voltage period of the network.
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be grown an oxide | ayer on the surface of the silicon, for. instance with a
t hi ckness of about 1 [err]min order to ensure electrlcal I solation if the
el ectrode m¥A¥0RSnpde in an integrated process, i.e. w pdu/mossiosnal ity
of el ectrode nmeans on one and the same ;gubstrate. The el ectrodes are -
vapor - deposited, for I nstance with a thlckness bet ween 200 and 250 nm as
t hi nner el ectrodes easily may be damaged during the etching process for

r enovi nlg supelfthe dunctionabelemens irothetlayeri is oealized qiot ay arglobid, bﬁt@slaﬁo'dat lb\ng
t t
material in gateraea ﬁ{yegqt W%éngcﬁ&ﬁ%nggyaﬁﬂegﬁ B¢ use
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top of the f|P%‘P°'EP Ectahﬂfﬁhﬁé’%%i#)@!'é BYWWEGM@@‘:@PHQO s with a

; pin rate of élegient [rin tﬂ'dﬂhyetJ mieftle0d ¢ fiudtivnabelementwill sh@ﬁéx_ﬁﬁuﬁtdﬁouL at
ol Ut 1 on 3 empls %%%BE nsiigtt i, TLR bF i, B i ABRRRs " 011G
el ectrode vvas“kh&m puwstional edementdayeris snpatierncd and glojral) Hyefunstiomsle
mechani cal st glandent Yayef nﬂigltﬁeﬂﬂe B%&’teﬁmmtxﬁfiﬁohhﬁ&\% ct withRRr and
hence a 2 nmthi ck l.ayer romi um va p before, t he
Goposi i on of SRSBLORIF FoBHCIoR JER s e Reahads stk Bk Sorms & Pestifi g
proper was 50comtact/withithe amisetopib curdudtbrinpthetcontacolayend, Ifsthe fanctionahyer 4
which is150t CR¥EHEY iO¥ornlkd Wik 3R DHiE CORAUE the residtiitefi%he separate
functional element may be measured by addressing the separate functional
element, i.e. addressing the x,y position in the matrix. In this case the material
of the functional element may for instance have a specific chemical response
output and deliver an output signal in the form of a changed resistance when it
15  isin contact with a chemical species. It may also be a biosensitive material
which provides a resistance change by interaction with biomolecules and
biosystems, a piezoresistive material wherein applied pressure changes the
resistance of the functional element, a photoconductive material wherein light
changes the resistance of the functional element, or a thermally sensitive
20  material wherein heating changes the resistance of the functional element. The
last cases cover a number of advantageous applications of the invention which
each may be denoted as respectively a chemical camera, a biocamera, a
photocamera and a thermocamera. Generally any interaction which changes the
conductivity or resistance of the functional element may be read by using such
25  an embodiment of the electrode device 13, irrespective whether the interaction
has a physical, chemical or biological cause. Dependent on the function or the
application the respective size of each separate functional element which in a
camera application may be regarded as individual pixels in the camera, may be
from 1 pum to 1 cm depending on the scale of object to be imaged. If the
30  camera for instance shall image the local pH value at a biological cell, the
functional element will be selected with dimensions with a magnitude of a few
micrometers.

bl
-q

If the electrode device shall be manufactured as a number of identical and
reproduceable devices, these may be made in a scale between 10 um and 1 cm,
35  such that the layers in the electrode device become homogenous over these
dimensions. It is also thinkable that realization of the electrode device
according to the invention in a camera application, particularly for detection of
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By using reactywgohsls €t ching this renoval process took I ess than 2 m nutes
and a means with a structure as shown in figs. 2a, 2b then aPpENP&R2120,¢r
both electrodes 1, 2 a contact |ayer 3 of ¥h electrical conducting or .
sem conducting material shall now be provided and which contacts both the
first and the second, el ectrode . electrjcally, The enbodi nent of _the

el ect rode meanshgmice] geagonts gribiomplecules in achemjeal cameza trspeetivel¥ ashown i n

plan view in fbipsedsor witly sigmilvareonydétettorn bflmangisabstancdshmdsineaactionsect r ode
2 and to the fifgly hahiatiol eldifiohal RflentM%e dhedBulf oREL w8 pBLSER S
smal | er ext enscombinedrwithimgthods fon positioningthe funethonadielements at differentndwi ch
5  locations on a surface. Another thinkable application is the use of chemically
sensitive but non-specific polymers and combining a number of different
materials in the functional element, for instance deposited by inkjet printing to
different functional elements in the device such that it becomes possible to
realize what may be described as an artificial chemical or biological sense
10  organ for the detection of odour- or flavouremitting substances in a gas or
liquid environment where it is desirable to detect the presence of chemical or
biological interactions.

The electrode device 13 according to the invention may also comprise a
contact layer 3 which has no anisotropic conductor, but wherein the contact
15  layer which consists of a homogenous material which may react to
" biomolecules, chemical reagents, light or pressure, is deposited directly over
the electrode structure. The functional element 7 will then be included in and
form a part of this contact layer 3 and function as detectors where the active
areas once again corresponds to edge areas 3' as shown in fig. 2 and make
20  possible detection of changes or specific characteristics in these active areas 3'
when it is subjected to specific stimuli. The specific changes may for instance
be a change of resistivity, capacitance or the current/voltage characteristics.

The electrode device 13 according to the invention may find application as a
data processing device if the functional elements 7 are adapted such that they
25  may be switched between different states and possibly be used for configuring
logic gates or logic networks. Another and obvious application is using the
electrode device 13 according to the invention as an electrically addressable
data memory. Writing then takes place in each memory cell in the memory
device, as the memory cell corresponds to the separate electrode means 26 and
30  the memory device to the electrode device 13. The contact layer 13 itself may
in this case advantageously function as 28 memory material and writing to a
memory location, i.e. to the separate memory cell, may take place by changing
the electrical properties of the contact layer in the active area in each electrode
means 26 or memory cell. For instance may writing take place by destroying
35  the conductivity such that there no longer is electric contact between the
electrodes 1, 2 at the memory location in question. Possibly the memory
device 13 may be realized such that the conductivity gradually is reduced. If
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construction, but the difference in current values will be inessential. when
t he el ectrodes 1, 2 are nade extrenely narrow. In the foll ow ng

di scussi on ofwblsosazs narrow enbodi ment of the cont aCthl‘%ﬁ/oéili he

poi nt of departure is that the 5 el ectrical conducting or

sem conducting material in the contact |ar is an ani sotropic -
conductor or sem conductor. Specifically the discussion will be
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layer 3. A peegrémel highdohfinéthie sedragddbasity.

The electrode device 13 according to the invention may also be used as an
optical camera or electronic camera by realizing the contact layer or the
functional layer as a photodiode matrix. This may for instance take place by

15  using a well-known photodiode material, e.g. conjugated polythiophene mixed
with buckministerfullerene Cgp in the contact layer. The function of a camera
of this kind is indicated wholly schematically in fig. 9.

The electrode device 13 can as mentioned above also be employed as a
chemical camera, strictly spoken a chemical sensor for instance to detect a

20  specific distribution of a chemical substance as indicated schematically in fig.
10. It may then be used a ﬁmctlonal element comprising a polymer layer of
PTOPT.

It is the absence of barriers against mass transport to the polymer layer in the
electrode device which makes it suttable for chemical detection, i.e. as a

25  chemical camera. Since conjucated polythiophenes may interact with oxidating
chemical species such that a highly conducting polymer material is formed,
this may for instance be regarded as a model system for a chemical camera of
this kind. It is for instance well-known that vapour of iodine will oxidize
polythiophenes, including PTOPT which preferably is used in the present

30  invention. This results in an increase in the conductivity of many magnitudes.
Hence the functional element 7 may be addressed electronically such that the
doping process which may be visualized in the form of an increased
conductance, may be followed.

Fig. 10 shows schematically the result achieved by detection of jodine crystals
35  onthe detector of a chemical camera designed according to the invention and
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20 ea5|ly realize that if a contact laygr 3 with an ani sotropic
conductor forns ohm c contacts with both the first and the second
el ectrode 1, 2, it will not be possi ble. to selectively address the
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The hght source pixels are easily visible to the naked eye. In an embodiment

the polymer pixels emit red light. By applying voltage to a specific electrode

means in the electrode device light will be emitted from this electrode means

15 only. '

With the electrode means 26 and the electrode device 13 according to the
present invention the great advantage is achieved that the functional element or
the material in the functional element layer is exposed to and accessible from
the environment simultaneously as it can be addressed electrically and hence

20  make possible the detection of substances and stimuli to which the functional
element material is sensitive. '

The manufacture of the separate parts of the electrode means according to the
invention is as per se known and for instance described in other connections,
e.g. in the above-mentioned international patent application PCT/SE95/00549

25  and in a paper by M. Berggren, O. Inganis & al. "Light emitting diodes with
variable colours from polymer blends" Nature 1994, Vol. 372, p. 44. Yetas a
guide for persons skilled in the art there is in a separate appendix furnished
examples which are regarded as specific and informative in relation to the
means according to the present invention. These examples are directed towards

30 the manufacture of an anisotropic conducting material, the manufacture of the
electrode means on a substrate and the application of the functional element
layer to the electrode means according to the invention and both with and
without the use of an anisotropic conductor.
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appears as a nmacroscopi ¢ ani sotropic conductivity. It is, however, a nunber
of situations_wherein anisotropic electrical conduct|V|ty may be attractlve
and a YRIER50f hybrid materials and devices with thenuommmmartles
are used in the art. These often 2@23|st of conposites of _
conductors in isolators which by 5 process or other have been
desi gned such that anisotropic electrical conductivity is provided.
For instance ap@pENDLDOners used in so-called flip- chip contacting.
Al so ani sotropic conducting adheS|ves based on a matrix whi ch

i ncl udes net al gRaky é&eFo eed in thick-
filmstructure sotropic

conductivity r’rﬁym&l : ' ooqulrphenyl)-z 2 -bxthmhsme]dm isidissolved iBet ween

a_conj ugat ed aghlofofonndud!3 n;%/?m B pstymethylmetiaReylate (PMIBEAYIMRWIRS 1| X
010

polymer whgch L& L508 & LAy mikt&reas formed from these solutions to prepare

a solution of 6% PTOPT in PMMA. This solution is then spin coated onto a
substrate at a rotation speed of 800 rpm to give a film with a thickness about
100 nm. The film thickness will then be comparable to the domains of the
conjugated polymer, so that electrical conductivity normal to the film is high,

10  and parallel to the film is negligible. If desired it is possible to convert the
PTOPT to the doped form by exposing it to géseous oxidants or to oxidants in
solutions which will not dissolve the two polymers. If the polymer blend is
deposited on a conducting substrate it is also possible to dope it to the
conducting state by electrochemical doping.

15  Example 2: Forming of an anisotropic conducting material
5 mg/mi poly(3-octyl)-thiophene (POT) is dissolved in chloroform and
5 mg/ml of plymethacrylate (PMMA) likewise dissolved in chloroform. A
mixture was formed from these solutions to prepare a solution of 5% POT in
PMMA. This solution is then spin-coated onto a substrate at a rotation speed
20 of 800 rpm to give a film of about 100 nm thickness. The film thickness will
then be comparable to the domains of the conjugated polymer, so that
electrical conductivity normal to the film is high and parallel to the film is
negligible. If desired it is possible to convert the POT to the doped form by
exposing it to gaseous oxidants or to oxidants in solutions which will not |
25  dissolve the two polymers. If the polymer blend is deposited on a conducting
substrate it is also possible to dope it to the conducting state by
electrochemical doping.

Example 3; Forming of an electrode device on a silicon substrate
A silicon chip is covered by aluminium strips (the x electrodes 250 nm thick)

30  evaporated through a shadow mask. A layer of benzocyclobutene (BCB;
(Cyclotene™, Dow Chemical) is spin coated at 1000 rpm for 30 seconds from
a solution of BCB 1:10 in mesitylene, to make a film of 200-400 nm thickness.
The film is cured at 250°C for 60 minutes. A layer of gold (50nm),
undercoated with a 2 nm thick layer of Cr for adhesion, is evaporated through

35  ashadow mask defining the y electrodes. The chip is etched in a plasma by
reactive ion etching for 2 minutes. This leaves the gold electrodes unaffected,
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separation is obse’%%sd in a mxture of this kind. (See e.g. PEIRAPHMZIBNal
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pol ystyrenes, adhesion, is evaporated through a shadow mask defining the y electrodes. The
chip is etched by reactive ion etching for 2 minutes. This leaves the gold
electrodes unaffected, but removed the BCB from all other surfaces. The
15  aluminium electrodes are exposed after this etching procedure. Anisotropic

layers are deposited according to Example 1.

Example 5: Deposition of a functional element layer

A device according to Example 3 is covered with a homogenous thin film of

poly(3[(S)-5-amino-5-carboxyl-3-oxapentyl)-2,5-thiophenylene hydrochloride]
20 (POWT) by solvent casting from a polymer solution. The resistance of each

pixel of POWT is recorded. A small crystal of iodine is positioned at a pixel.

The iodine is a dopant for POWT and the presence of iodine can be read as a

decrease of resistance at the pixel.

Example 6: Electrode device without an anisotropic conductor

25 A device according to Example 3, but without the anisotropic conductors, is
covered with a'homogenous film of poly[3-(4-octyl-phenyl)-2.2'bithiophene
(PTOPT) in a 5 mg/ml xylene solution and C¢p (buckministerfullerene) ina
5 mg/ml xylene solution. The film is formed by spin-coating at 400 rpm from a
warm solution (50°C). This film is photoresponsive, and local changes in the

30  photocurrent or resistivity upon exposure to light can be detected.
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pol yol efi nes or other polynmers with a non-conjugated backbone. Particularly
It is preferr@gdofsgshst he non-conducting polyner material is :

pol yrmet hyl net acryl ate (PMVA) . Preferably the el ect rPENOW@AHECt i ng
pol ynmer material which furnishes the 35  24contact layer wwth its

ani sotropi ¢ conducting properties may be sel ecte ng the
cl ass of pol yheteracyclic polynmers such as subst|c1tml"lcml[|“I""II!l”ﬂrD

pol yt hi opheneé’,AEEH t@eﬁmﬁ pol yt hi ophenvi nyl enes,» subsui t wt esl pol ypyrrol s,
pol yani | i ne and substituted pol yanilines, substituted

pol ]%/par agheﬂy I lvi}ﬁrglll%gﬁscﬁpde mea?mrtihﬂiaﬂydbpaﬂémaiing of’arfuncﬁQnaL Elementi s
preterred tnateohmiRisths Firit{d) anda se dif:ji?‘éiéc%dgp NatBdteibd il iat th2 first
pol y[ 3- (4-oct %‘1&%%%'55 & p2ro§/£)dctdr}h z' form of a substan(ul?a-{l%&p-like structure of an
' 5  electrical conducting material, that the second electrode (2) is provided over
the first electrode (1) in the form of likewise substantially strip-like structure
of an electrical conducting material and in substantially orthogonal intersecting
relationship to the first electrode (1), that a layer (4) of electrical isolating
material is provided at the intersection between the first (1) and the second (2)
10  electrode, such that the electrodes (1, 2) intersect each other without direct
physical and electrical contact and hence form a bridge structure, and that a
contact layer (3) of an electrical conducting or semiconducting material is
provided above the first electrode (1) and the second electrode (2), contacting

both the first (1) and the second electrode (2) electrically.

15 2.  Anelectrode means according to claim 1, characterized in that the first
electrode (1) is provided on a substrate (3).

3. An electrode means according to claim 1, characterized in that the first
(1) and the second (2) electrodes respectively consist of metal with high or low
work function or vice versa.

20 4.  Anelectrode means according to claim 3, characterized in that the first
electrode (1) consists of aluminium or an aluminium alloy.

5.  An electrode means according to claim 3, characterized in that the
second electrode (2) consists of gold.

6.  Anelectrode means according to claim 1, characterized in that the
25  second electrode (2) consists of indium-tin oxide.

7.  An electrode means according to claim 1, characterized in that the
contact layer (3) forms a rectifying contact with the first electrode (1) and an
ohmic contact with the second electrode (2) or vice versa.

8.  An electrode means according to claim 1, characterized in that the
30  electrically conducting or semiconducting material in the contact layer (3) is
an isotropic conductor or semiconductor.

9. An electrode means according to claim 8, characterized in that an

isotropic conductor comprises an electrically isolating matrix (6) in the form of
K .....
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A cont act Iayer W|th a thickness of 100 nm and consisting of PTOPT in a

PMWA matrix WEQ? face By means of atR®r/RO%EMI2

m croscopy (AFM |t qux i Ilr(ﬂﬂ"m | E‘ t hggdonmi ns ext ended t hrough t he'.10
100 nmthick contact layelk S surnface and was fairly evenly distributed
therein with a typical di arreter in the cross directiontof a few tens of -
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2 and may 20 condiicting pokymer avatcidal (8) ds $Q3¢¢fm£fl§ Q‘H‘@dcont act
" layer 3 over t‘%gml s °,$‘§’mﬁ°§ﬁﬁf* Oﬂbl?ig%&ftg p@b@ﬁﬂj’dﬁd&% Eags?/féﬂest hen

u

substantial ly such nct i onal
el enent 7 subsodye EPW"EBWEBBMSW %gon-conjuga 3 %®as 3' as shown
in fig. 2.But the functional elenent 7 nmay also

11. An electrode means according to claim 10 charactenzed in that the non-

10  conducting polymer material (6) is polymethylmetacrylate (PMMA).

12. An electrode means according to claim 9, characterized in that

electrically conducting polymer material (5) is selected from the class of

polyheterocyclic polymers such as substituted polythiophenes, substituted

polythiophenvinylenes, substituted polypyrrols, polyaniline and substituted
15 polyanilines, substituted polyparaphenylvinylenes and their copolymers.

13.  An electrode means according to claim 12, characterized in that the
electrically conducting polymer material (5) is poly(3-4-octyl-phenyl-2.2"-
bithiophene) (PTOPT).

14.  An electrode means according to claim 9, characterized in that the
20  anisotropic electrical conductor (5) is made from a solution mixture of polymer
materials which is spin coated, solvent cast or melt cast.

15. An electrode means with detecting, information storing and/or
information indicating function, comprising a first (1) and a second (2)
electrode and a functional element (7) and with passive electrical addressing of
25  the functional element (7), characterized in that the first electrode (1) is
. provided in the form of a substantially strip-like structure of an electrical
conducting material, that the second electrode (2) is provided over the first
electrode (1) in the form of a likewise substantially strip-like structure of an
electrically conducting material and in substantially orthogonal intersecting
30  relationship to the first electrode (1), that a layer (4) of electrical isolating
material is provided at the intersection between the first (1) and the second 2
electrode, such that the electrodes (1, 2) intersect each other without direct
physical or an electrical contact and hence forms a bridge structure, that a
contact layer (3) of an electrical conducting or semiconducting material which

This Sheet Has Been Replac

[T

THIS SHEET HAS BEEN l '",I
REPLACED




realized as a separate el enent
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terial

IW mmnmnl IINQ

¢3a, tresfirst el ectrodePQI/ROIFIOIL ded
d for ipgtance made of al um nium Above
el ectrical isolating layer 4 is provided
rical isolating |ayer a second el ectrode

2 of a second eimtadts both tha@irst (1) and ke smudﬁ(ﬁ)fﬂeah‘lcaﬂgrls iprodided evgahe.

ol cctrode 2. |t SIERaRg (T} LRt

achi eved in t h@)iispervided Whﬁtm

gol d

ﬁ&%%elfctr%d g)baxgk? that Q‘ﬁﬁ@tgmf% Ct"?‘

adjacent to| arat the intersectiom ofitheesl @qmdes

3. Such as this is

anyt el tect rical (1c:9ﬁtsmtfunai@ma1rem§nedm§ ) % B E?Euaheﬁi 9&3%{ éléeﬁiénf he
cont ac aver, r.ovi de n e er go a e

i nt er sectidn s%ﬁﬂfﬁ%"?’&l@gomg% #f)’ é‘}fﬁ éWEﬁgat beyond
thereof, the f [ * elenent 7 is I’OVI eq, for.i statgce in the
formof a Sens Ve&pge}p ﬁemeansaccordmgtoc , Characterize at the

12

functional element (7) either is provided or fonned as a part of the contact
layer (3) over the intersection of the electrodes (1, 2) and substantially
conformal therewith, or provided as a separate element (7) above the contact
layer (3) and such that it substantially registers with the intersection of the
electrodes (1, 2).

10

17. An electrode means according to claim 16, characterized in that the
electrical conducting or semiconducting material in the contact layer (3) is an
anisotropic conductor or semiconductor.

15 18.  An electrode means according to claim 17, characterized in that the
anisotropic conductor comprises an electrical isolating matrix in the form of a
non-conducting polymer material and embedded therein at least an electrical
conducting material (5), said electrical conducting material (5) being separated
in domains with an extension at least equal to the thickness of the contact

20  Ilayer.

19.  An electrode means according to claim 16, characterized in that the
functional element (7) is a potential-controlled inorganic or organic metal or a
potential-controlled semiconductor.

20. An electrode means according to claim 19, characterized in that the
functional element (7) for voltage addressing contacts a thereabove provided
liquid crystal layer (18) which in its turn contacts a thereabove provided
electronic conductor (9), said liquid crystal layer (8) being controlled by
applying a voltage between the functional element (7) and the electronic
conductor (9).

25

30 21.  An electrode means according to claim 16, characterized in that the
functional element (7) is a current injectable inorganic or organic metal or a

current injectable semiconductor.

22.  An electrode means according to claim 21, characterized in that the
functional element (7) for current addressing contacts a thereabove provided
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| f the functi Wa49/08328 as a basic el ement ipeTMNOWDOZIK
devi ce, suchnim,mﬂﬂ "maml ﬂmc =d i n connection with fig- 7; it
nmust either be *cofinekt el to a di e structure and have an inherent
rectifying behavi our in order to avoid crosstalk problens in

passi ve addr eséle@&oﬂfmﬁ:’é?céﬁﬁz{ ( V\!vﬁfch in its cofﬁgl?ts R thefblvEe p?&\ﬁ&{& ure

of the functional elenent lon is

| z
shown in fig. SIgCroRc qqngptog V\gemgém@cteédpctg@ 63°H'§1‘H!1W6§%@t layer
el ectrode of a applyingrarsoltigetbetwéen the faattiomdl eiexheit () aid ther the form

of &mn{ce%i%{gggggchottky junction, wherein the netal forns

t he cat hode. ol yrmer rraterl al P2 forns the active or

et 5 ST ) N e g b W IO
el ectrode whi cﬁmﬁmﬂalse]gnmﬁt ¢®) i3 archiarge-storing inorgehieadrarganioimetal ok a
comr 1 ses he. PRBUE A SerbHBIAGE B bRETRS BcRRg clectronctivd il V. "9

connection wt as the
metal of the fclestroehmmcdwenals whosp opticakpropertiesshange withathe amawat pbn as
4.3 eV. The goiHargaQttedas a higher work function, nanely 5.2 eV.

10 24, An electrode means according to claim 23, characterized in that the
functional element (7) for current and charge addressing contacts a thereabove
provided solid electrolyte layer (11) which in its turn contacts a thereabove
provided electroactive material (12), a doping state in the functional element
(7) being changed by applying a voltage between the functional element (7)

15  and the electroactive material.

25. An electrode means according to claim 22, characterized in that the
solid electrolyte (11) is a polymer electrolyte.

26.  An electrode means according to claim 23, characterized in that the
electroactive material (12) contacts a thereabove provided electronic conductor
20 (9).

27. An electrode device (13) with detecting, information storing and/or
information indicating function, wherein the device comprises two or more
electrode means (26) according to any of the claims 15-26 and with passive
electrical addressing of the functional elements (7) in the electrode device

25 (13), characterized in that the electrode means (26) are integrated in a quasi
two-dimensional matrix, that the first electrodes (1) form a patterned layer of
row electrodes in the matrix, that the second electrodes (12) without being in
direct physical or electrical contact with the row electrodes (1) form a
patterned layer of column electrodes in the matrix, that the contact layer (3)

30  either integrated forms a global contact layer in the matrix or patterned is
assigned to each separate electrode means (21), that the electrical conducting
or semiconducting material in the contact layer (3) is provided over both
electrode layers and contacts these electrically, and that the functional
elements (7) provided in or over the contact layer (3) form one or more

35  patterned or non-patterned layers of functional elements provided in respective
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Wth the use of a structure or_geonetry as shown in fig. 3b it is possible
to noni tor the conductivity state of the sensitive polynmer P2 which

here is WO 983301 ﬂ tly fromthe currentPCTaNQ&ER12
characteristics of tht I,m"mﬂmwﬂl ﬂ pgil ments show that the rect’ifying
efficiency of a junctién between s and doped PTOPT was poorer than
with a junction wherein undoped PTOPT was used, even if the current

strength for twogdinemsional mmm&h separateSfuRcfi Guil Ielﬂdléhﬂ(?})i‘@ﬁstedd%\ﬁﬂh

| mpor ant -+ helle PRy rbreiith B{epeh R slerrodn (1)'al o tiplng ety é"sed
PTOPT was use(d)mthel”@emyeﬁenent As PTOPT is soluble in

non-pol ar solvents, a polyner soluble in polar sol vents must be used
for sensiti v&&aol waeelena'oéc device ascartingro@bdin 27,ewherein morothasronedayemoul d

ggl Stefnt (r)p ene wasagﬁ erﬁ?ifé ﬂﬂwfﬂf? g?@]am np- 5-.car ar tﬂayersgef uote
3- oxapent yl) fﬂ“ﬁ“?‘l‘ﬂ GE?@WF? Y SER mW’Q“Wo‘?‘E%‘HFE“&aS an
unprotected dayero acid side chain which shovvs a remar kabl e sol vent

dependent specific rotation and circular dichroismspectrum something
which is inteigpretgpileRetrbaé devied uestdihg @ dlaim 27 carictéifsdviarthaothebet ween

separate functional element (7) is an inorganic or organic metal or a
10  semiconductor which generates a response signal as response to a speclﬁc
physical stimulus.

)!-

30. An electrode device according to claim 27, characterized in that the

separate functional element (7) is an inorganic or organic metal or a

semiconductor which outputs a response signal as response to a specific
15 chemical reagent.

31. An electrode device according to claim 27, wherein the electrical

conducting material in the contact layer (10) is an anisotropic conductor,

characterized in that the anisotropic conductor contacts both the layer of row

electrodes (1) and column electrodes (2) such that a self-adjusting electrical
20  connection between the two electrode layers is obtained.

32. An electrode device according to claim 27, characterized in that the
electrode device (13) is realized in thin-film technology.

33. An electrode device according to claim 27, characterized in that the
functional element layer is formed by a deposition of a polymer layer from a

25  solution of a single conducting polymer or a polymer mixture comprising at
least one conducting polymer, said conducting polymer being in a doped or an
undoped state.

34, An electrode device according to claim 33, characterized in that the
deposition of the functional element layer takes place by the polymer solution
30  or the polymer solution mixture being spin coated, solvent cast or melt cast.

35.  The use of the electrode device according to claim 27 in an optical or
electronic camera, wherein the functional elements (7) in the electrode device
form pixels in a detector means (13) in the camera. '
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syn- and anti g I ons of the adjacent side chains along_the polyner. 35
chains. This g’gipgigg?é i 1!"["] isg, Met hanol and di net hW@BF*@%ﬁ_zde. | t
can be doped with i odi mlﬂ m ‘_ul ’thzagacetonitrile sol ution of -
nitrocyltetrafl uoroborat'e ENOBF# . srhixS pol yner material (POM) has the

remar kabl e progerty that it is possible to link different protein species
to the &ni nbheaasejoftheelentendedeyice: degording to claimiAshinea chemiggl be

possible to us§m§em whereirPthe f8h&iotal efenfiass g‘/)_einqﬁé %Yécu%ﬁe%@ﬁﬂifﬂﬂn s

conductivity o He ol ynmer a, react’ion to the biochemca
stimul us, somefhd &egﬁwmﬁﬁmegm&- interest if the functional
el ement shall be used as a detector for specific chem cal ‘reagents.

The functi onal 33| entht use eetieglestrode deviceraccording porclaim27 in an eleptmigally spin
C Oat edt Olr ﬁepoﬁddre&atﬁl&ﬁeﬁf&?&_ dbvicé of 4R ei’eo?xg&élgf Qd(?‘ﬁ_sstabﬁ 4R [p?écekgﬁg 10 .
contact | &YSr ;88 st dhe Ttbonal eldians 7 i o83 Rtk (L o

‘ respectively form memory elements or logic elements in such devices.

38. The use of the electrode device according to claim 27 in an electrically

addressable display device, wherein the functional elements (7) in the
10  electrode device (13) form pixels in the display device.
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pass through the sensitive polyner material and follow the current path
whi ch is nenty viz. fromthe second el ectrode 2 of golgd. OoPT
| ayer and fuﬁ%ﬁgﬁﬁ?ﬁrough the sensitive polynmer POM to thkgphﬁgﬁpg_

bet ween the PTOPT and the first electrode 1 of alumnium 15 The .

functional element 7 may itself be a podﬁyon of the contact |layer 3 which
corresponds to the area which is covered by the functional elenent as shown

in fig. 3a and the active areas of the functional elenments will then in
reality correspond to the getdye_area 3' as shown in fig. 2b, viz.
the portion of the cont ack nhi~ch i s | ocated on one side of

t he second el ectrode 2 and 20 g The 4T electrode 1 where the

the el ectrode means wher gf'n A e ™ Tum L _“: ' provi ded as

a separate conponent o N and over t he
pQdEess i On drent 7 may in any 25

ectrode. Dependi ng on

4 hale a det ecting

pf mati on storing function,

bl e menory el enent or it

case be accessed both
the material used in the
function, i.e. function as a s
i.e. desi gned as an el
may have an
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I nformation indicating function, e.qg. byjﬁ@ﬂng desi gned as a radiation 30
emtting el enent. If the functional elenent 7 is realized with a
sensor function, it may be for i nstance be made such that it gives a
vari abl e resistance as a result of a stinulus, for instance as a
response to a biological material, a chem cal - reagent, |ight

radi ati on or pressure, and the output signal will be a current. 35  The
functional elenments 7 may alao be de in a material whose

el ectrical properties may be cQniso ] by applying a voltage or
injection of current and charge. f. Qnal el enent 7
particularly is realized wth conjugatéd,pﬁly

i\
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\
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as nentioned above, the electrical or photoelectrical praperties of these
materials make it possible to detect the presence of dopant -species or
i nci dent 5wo994832sht by t he conductivity of the naterial RCIVNQPSQIAIhged. | n

addition al so conj ugated pol yners, as nentioned, may emt I-i ght by
form ng domai ns 5 whi ch functi s light-emtting domains. Further
It is possible to nodify prope¥es of conjugated polyners in this
respect by tuning their sensitivity and selectivity vis-a-vis a
specific chem cal reagent or to a specific 10 wavel engt h. A nunber of
conj ugat ed polyners has these properties, but particularly it has

been preferred using substituted pol ythi ophenes (PT,
reference to figs. 4, 5 and 6 it shall now be. descr

OPT) . Wth
bed how t he

functional element may be addressed and gontrolded Fig. 4 shows a
section through an el ectrode nmeans st A enent 15 7 in the
formof a sensor el enent provideo<§§: at the

A4
=

i ntersection of the el ectrodes qk uncti onal el enent

7 must in this case bg §§=* AN Ok i norganic
met al or semni conduc -f$ f}&% rre;ns infig. 4
I s shown adapt ed 3 *\ to for instance

N

witing of a |liquidR

17 3 2
\ \
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20 el enent provi ded over a functionaﬂﬁleﬂmﬁn 7. The liquid crystal

el emrent may then be regarded as a pixel in a liquid crystal screen.
The liquid crystal el enent 8 contacts an el ectronic conductor 9
which forms a third el ectrode of the el ectrode neans. The intention
i's now that the voltage addressing takes pl ace with a waveform such
that some specific process which inJthis case 25 wll be the orientation
state of the liquid crystal element(8, is controll ed. If the

el ectrode neans in fig. 3a is us bl iquid crystal display, it
I's only necessary W ; ' jre particularly
high currents. |fathE/IA 4 Yy er changed
with an el g ’ ) AT AR ST . %
substantially ?ig Ot ha\ il {ng is once
nore very sim kar _ | display.
In this case the electronic isolatorg8, i.e. ghe liquid crystal

- elenment, is replaced by a honogenous | ayer 10 of an

el ectrol um nescent material, preferably conjugated polynmer, as this is
shown infig. 5. Over the elegér 13 escent layer 10 there is once
again provided a 35 third electro 'g’& ormof an el ectroni c conductor
9 which covers the whol e
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| ayer and it is addressed sinultaneously.wth the

15
functional elenent 7 such that current passes t-hrough the
el ectrol um nwooen832s ayer 10. In this connect | BCT/NQ98/08212

essential th
functional e
el ectrolumn
functional e

organic netal or a current inj

functional e

organic netal or a charge-stof7) gﬂﬁg@ﬁq

el ectroactiv

at a sufficiently high current can be injected.in the

| ement 7 such that t he polsyzr material in the

escent | ayer econes light-emtting. The

lenent 7 i's here a current i nj ectabl e i norganic or
_______________ r. If the

lenment 7 is reali _EE%tEﬁEF@FSEéF n &rmrgamc:or

t gay further conprise
ochrom c material may

e or electrochro (‘;IPKIX[\G(RAI&V\I ‘gl’

10 once again preferably b r and the functional

el enent

| mage screen
element 7 th
preferably i
and t hereabo

. ochromic
é$§~| | : (Vg% ctional
e ' rovided a.gof ayer 11,
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15 mat er i aivo obys3gsir rent and charge addressing of the funﬁ(t;},pﬁgﬁ,ooﬁlzerrent

7 the state of the electrochromc material with a functional
elenent 7 will change when 621 iurrent passes through the pol yner
el ectrolyte 11 and the overlying / el ectroactive el ectrode 12.

cotoor—of~—t el ectrochrom c

When this takes plac
' el ement 7 chan Eg and this change 20

material in the fune na

will continue until i nj ected chargejon agai n di sappears. This is the
basis of electrical{addressing of electjochromc thin-film screens which
may be_usef for reversible fjegistration of information.

to the el ectrochromc filmscreen nust
readi ng of the state of the functiona

trochromc materjals al so 25 change their
ping state changé¢s, it is possible first to

L9 current thr h the functional elenent 7 which is

' lectrode 12 over the interposed solid

Eis changed dopi o state may
ctional eleneng h a current

Addr essi ng and mdi! ng
t hen be conbi nedjw {h
el ement 7. As nogt
resistivity whenfth
control this by jnje
- contacting the el
el ectrolyte 11 o
thereafter be fo

and 30 1 e t. Preferably
there may in thi ¢ 4 ni c
conductor 9 abov¢ the electr >0 PRy be
used for realizi . I ng and
reading in this case takes p . ' jodi ment
Fig.7
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makes it possible to integrate such nenory elenents in a two-dinensi onal

35 mat r iwodded3sst ack such matrices above each ot her, suyehnNOIsb2R

vol unetric data storage device i s obtained. . The
el ectrode neans as shown in fig. 3a and in figs. 4, 5 and 6 may easily-be
integrated i'n a quasi two-dinensional frix to an el ectrode device 13

wherein the el eakrodes 1, 2 i

the separate el ectrode neans now forns
continuos strip&ike structur N

W\ Whi ch respectively conprise rows and

colums 5 o el ectrodes//l' in the matrix, thggrows in the follow ng
bei ng denoted af@ t e x [Nt rodes and the c8Fums as the y

el ectrodes of t el ect/rzode de The
i mpl enented as a -di'nmensi o frix i s shown
bl ock di agram f { fig. 7. At ri x whi ch
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correctly may be denoted as a quasi two-di meqsional- matrix
necessarily 10 nmust have -a certain thickness, is over o
drive voltage or the row el ectrodes of the X el ect r .

with an I/0 CO'E’I@Eﬁ%rdeb@gﬁg With and w wﬂ%ﬁfetl?e hhp@h&éalf @l'égf :ﬂtﬁeﬁw

signals fromthe 'y elec
converter boar alqcﬁrodhdemeptqrme@ |¢£|e§ecftrgdmtmealys with funetlena} elemenyfsand

-converted int Oflﬁ %p&g and output on a line 17 to an A/ID 15 converter
board 20 wherefrom't igitalized output signals or response

e bus. 21 THRGHTERHoD HobeEns dr Rl bl BeERRER RS B M A o

wor k stati®dn, ﬁunlcmmnalselem'cnamnmpmsnmgrmﬁh'i;tgandaa sAcond eledrdde: Ttheeinoention

vol t age I I y
conveyed from g ﬁsfo chrg%aﬁ) e@%ént\{;e g}éagoar%H%E%égﬁéxf#@f% %%ﬁ@fé’r A&r&
board 16 toget ieformationt indicating furssicey tcomprisiaglBfirstranska eca;ombekeh:aode

el ectrode row tclﬁd%flﬂfc't%‘ﬁ'ai eié??e 5 ar{Higf @Pstswe Flelg:tﬁlf:ﬁ!eac?&r‘égglﬁQ%? tﬂ@v' ce 13

t he contact |ayer
in the matrix §un¢tl<vmltelcmi@n§|1’amth¢rctéme manatwnmgcgms an electrsvdmctﬁmmwﬂng

material pj thg fé&'@frﬁct Q@Mﬁﬂ‘qo@{ §t$h rﬁgoPYr?F anei'nﬁ?éd}ﬁﬂ:gf&ﬁu d,ayers

and contacts these e ric functlona el enent:s I eac
el ectrode rreansvhﬁaplrb@emlgvﬁraé@ deHiqenROTBBHS BT tWP A dRoEmelertoge anpaity each

t her eof , witlg ﬁlﬂ?ﬁéhﬂ”@l&ﬁ:‘ﬂ? ARAtwith s EReN e b QI ddBbess i of the
intersection of an x electrod
( funct10nal elements in the electrode device.

Finally, the invention also concerns uses of an electrode device of this kind.

15 There are known a number of technical solutions for addressing functional
elements, for instance in the form of pixels, on a surface. However, few of
them allow a simple passive addressing of the functional element and a -
number thereof requires fairly complicated thin-film transistor technologies.
Such very sophisticated solutions are encumbered with a low manufacturing

20 yield and the problems are also amplified when a very large surface element
shall be covered with functional elements, such as is the case for instance in
the manufacturing of a "screen" which shall consist of pixels.

One solution of the problem with addressing of functional elements is to
provide the functional elements such that they form elements in the rows and

25 the columns in a x,y-matrix and applying a voltage at x to one row and at y to
one column such that a given voltage is supplied at the functional element,
symbolically denoted as V, + V,, V, + V, > V,, where V) is a critical
threshold voltage for the process to be controlled by the functional element,
for instance switching of a liquid crystal display material between two

30 orientation states. In order to cover a surface with rows and columns of
functional elements in this way it is required that the rows and the colymns

- are not electrically connected in any point, apart from in the functional
‘elemeéntTin the x,y-position to be addressed, in other words in the intersection
between the row x and the column y. This is not achieved when it is

35 simultaneously required that the functional element shall comprise a very



and a y el ectrode in each el ectrode rrean§-vv?i ch are-incl-uded in the matrix
of the el ectrode device 13. The functional elenment 7 may also be
provi ded as 30 separate el enent and assigned to each 6f theée el ectrode

1 o This oo ot an ; . .

bl ace’ by he. flanes Partign of BiEAvHvA Sulfale. G oo BE s hrobfim TR brbpine

the contact | aherrotd imneheplaneransbitheuctlumns in another planer and connesting them
| t ' f h el Thi\§e i

o prer equt o taeauEly (ertited hd St PBWer'cledibie pattern to an IRV L

i In an unpat t erelecdtrbdg pattefn.dfitfor indtangs there arenn toves ang ax¢alugins, it is

Ativirgaiie ! _ .
S dareast " dlicksdrd HIRAN ATCun¥A pdhS FBRWHaIl AY Hork, FTSL PY T

addressin UNctrona enen ener at as an active structure
17 a,f3| %_ned t.0 thF separate el ectrode neans in &he trix.
he first object of the invention is hence to provide an electrode means

which makes possible a passive addressing of a functional element without

the necessity of forming current paths of this kind, particularly where such

functional elements are part of a two-dimensional matrix, for instance formed
10 as pixels in an image screen. "

s
b

Another object of the invention is to provide an electrode means with a
L functional element, wherein the functional element can be given a detecting,
information storing and/or information indicating function.

A third object of the invention is to provide an electrode means with a
15 functional element of the above-mentioned kind and an electrode device
" consisting of such electrode means integrated in a two-dimensional matrix,
wherein the functional element is not provided between the electrodes but is
“located on one side of the electrodes. This will make it possible to form e.g.
image screens wherein the functional element in the form of pixels is turned
20 towards the outside and exposed to an observer or a sensor device, the
functional elements in the form of sensor elements being exposed to the
environment.

(‘ A fourth object of the invention is to provide an electrode means wherein the
electrical connection between the electrodes can be generated by using a
25 contact layer with an anisotropic electrical conductor, something which
implies the possibility of providing a rectifying connection between an
anisotropic conductor and one or both electrodes, such that the problem with
constructing a passive addressable electrode device hence is significantly
simplified relative to the prior art.

30 The above features and advantages are achieved according to the invention
with an electrode means which is characterized in that the first electrode is
provided in the form of a substantially strip-like structure of an electrical
conducting material, that the second electrode is provided over the first
electrode in the form of likewise substantially strip-like structure of an



The elle_ctro'de device in fig. 7 may al so be pgovi ded-wi th nore-than one
| ayer of functional elenents 7, as the separate |ayer of
functional el enment then must be separated-by an el ectronic or

run duet o st e by an ! .
cqui val ant modEloogiots coadicing Fiflerd] 2n8 1R S5l GRSl dnidsectin
el ectrodes 1, relationshipriatthiefixst elensrades dhatoaitayesafcalectrical isolatiggimaterig
7. At each int gmg@%f’% In&s%@ﬁoﬁ%t@’eggttgxﬁ(fﬁ'%t Qﬂ&'tﬁ@ﬁe@(ﬂid‘%&trode

el ectrodes a di : each case h e same conduction direction,
i s generated. Pachsthatythe gltecsradnsriptersaetsach othgr avithowedireet physicaliand an
10 I nhergent - £ M ' ' r | 0,
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requires that a rectifying contact is present” in _each el ectrode
means, for ins8eARId detwedn ofvriricaly: apjeleqtrodfomeans svhichAsheracteraetan

llayer 3. \Wen ihe the Fb él'é@troabqg?:%viﬁeidﬂn%eeﬂo?ﬁlt 608 8ubBRARSially strip-1ilké 1 n
an x,y position in mat r.i X sh:i\ | Qe read, rrent transifion between
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block a curr enfikg rs’?r%lc&rleoo a?rI eltergzltrslcalﬁl cncgriducting material an{i in substantially
( orthogonal intersecting relationship to the first electrode, that a layer of
electrical isolating material is provided at the intersection between the first
15 and the second electrode, such that the electrodes intersect each other without

direct physical or an electrical contact and hence forms a bridge structure,

_ that a contact layef of an electrical conducting or semiconducting material
which contacts both the first and the second electrically is provided over the
first electrode and the second electrode, and that a functional element is

20 provided substantially adjacent to or at the intersection of the electrodes, said
functional elements being configured either as a sensor element or an
information storing and/or information indicating element; and an electrode
device which is characterized in that the electrode means are integrated in a
quasi two-dimensional matrix, that the first electrodes form a patterned layer

C 25 of row electrodes in the matrix, that the second electrodes without being in
) direct physical or electrical contact with the row electrodes form a patterned
layer of column electrodes in the matrix, that the contact layer either
integrated forms a global contact layer in the matrix or patterned is assigned
to each separate electrode means, that the electrical conducting or

30 semiconducting material in the contact layer is provided over both electrode
layers and contacts these electrically, and that the functional elements
provided in or over the contact layer form one or more patterned or non-
patterned layers of functional elements provided in respective two-
‘dimensional matrices, the separate functional element registering with the

35  respectiVe intersection between a row electrode and a column electrode in the
electrode layers.

The use of the electrode device in an electronic camera is disclosed by the

e



20 < Wth the el ectrodes provided in rratrleformln the el ectrode devi ce,

such as " shown in fig. 8, current onIy W | I pass through the contact
l-ayer 3 or betvveen the electrodes 1, 2 i'n the active area 3' such
as shown in fi d%t claim 35. si mul t aneously for instance a physical or
chem cal stinu u changes atw conductive properties of the poI ymer
material in th ar ea, | nst nce due, to I nci dent change
will be detect Hiﬁea?fptfﬁe(?éf’?téﬂ %fievmetwgaeCEﬁ@wal Cimerags i %raosﬁ Hahe

correspondl ng Mdﬂﬁﬁeﬁf cla 3¢t put signal. If the el ectrodes 1,

In an el ectrode deV|ce are floating, i.e. the x electrode lis not blased
t he cur t,. L
adj acent ‘T‘ﬁ? use &?rl]lg:@e{,ﬁ’&&é HQOﬂ:‘e @hﬁ{@{kﬂ:@% aﬁ%ﬁe%s?@l%srﬁEH&g%vme

el ectrodesd Thps emtrlcallby addmsablesdﬁtaquobysse@g tdmvmgz ishiliselosed bydhe 2 as

this is shown using current/voltage converters 22 in
all col ums be%%égegd gﬁ?%gat:yut and earth. As the input inpedance

of these curre /vol t nverters 22 col um

ol cetr odes. oy The e e FleUTHe HRuics i plsctmipd) Y addiessablg fippRovdivian e
was supplied tiy @samsedtbgdt}feq“\fydepe@démctﬂaﬁn% as all other 35 el ectrodes
1;24 were floating. Then two advantages are obtai ned, n.amel y that

According to the invention the first and the second electrode advantageously
10 consist of metal with high or low work function or vice versa.

According to the invention the contact layer advantageously forms a
rectifying electric contact with the first electrode and ohmic contact with the
second electrode or vice versa.

_ According to the invention the electrical conducting or semiconducting
15 material in the contact layer is an anisotropic conductor or semiconductor,
wherein an anisotropic conductor preferably comprises an electrical isolat.ing
matrix in the form of a non-conducting polymer material and embedded
therein at least an electrical conducting material, the electrical conducting
polymer material being separated in domains with an extension at least the

20 thickness of the contact layer.

Further, according to the invention the functional element advantageously
(. either is provided in or formed as a part of the contact layer over the

intersection electrodes or substantially conformal therewith, or provided as a
separate element over the contact layer and such that it substantially register

25 with the intersection of the electrodes. Preferably the functional element is
respectively a potential-controlled inorganic or organic metal or a potential-
controlled semiconductor, a current injectable inorganic or organic metal or a
current injectable semiconductor or a charge-storing inorganic or organic
metal or a charge-storing semiconductor, said materials comprising

30 electroactive and/or electrochromic materials whose optical properties
change with the amount of charge stored.

According to the invention it is particularly preferred that the separate
functional element is an inorganic or organic metal or a semiconductor which

g
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18 - the current in each colum of the:other-electrodes.-2 only
depends on the functional element identified by this- colunn and the
sel ected row and that all -~ functional- efenments in‘the same row in

principle may Bﬁt}ﬁﬁg?g@ Vgéhse §i nal assféfﬁbh@@?&gss'%clﬁ&/ gﬂgﬁ'cEPEﬁHHll { the

el ectrode device enbo nt u a specla

desi gned curre onverter boar ed t he
bosi L1ve bi as ASFPEHENS tﬁﬁén‘e?mg%ltrlavﬁ&evvlsamrecaﬂmy pretegBBRLIR | |
avai | abl e A/'D sepuretet ﬁrnchonauel/memsedm fﬁbegahecdrr@@ancbemem ora 13 may
preferably be softward ontf1 dIB g?trl for |nstanc«=1\ PC as G)

i ndi cated i n fgMCPRALSPT m PUIPYE G FESPONSE ALNA 1 3 TEAPANIS daBBe‘i}&Csl bl e
to 10 5el echemi”tml\redgeﬁge whi ch can be applied to the rows and a

possi bl e waiting time before the first nmeasurenent is taken. The
last feature 'Rc‘é‘éﬁﬁﬁg%ttht‘f"'lﬁ%ntlon it is éﬁ%‘ﬁﬁviﬁ’tagwhgtﬂﬂ the @Pédt%ﬁe device is
phenonmena such as cap currents_ an practise turne

out advant ageotpglized \mﬂhlraﬁém teghpolagy, #Rd that tha functional elmﬁrpmay@u ¥ ents
may have a magfyritdebydefositnidY £ polyhbflayer FEmanEoRiEsh of a single

conducting polymer or a polymer mixture comprising, at least one conducting
10 polymer, said conducting polymer being in a doped or undoped state.

_ Further features and advantages of the invention are %isclosed by the
C_,- additional appended dependent claims.

The invention shall now be explained in more detail by exemplary
embodiments and with reference to the accompanying drawings wherein

15 ~ fig. la shows a perspective view of an electrode means according to prior art,
fig. 1b a plan view of the electrode means in fig. 1a,
fig. 2a a perspective view of an electrode means according to the invention,
fig. 2b a plan view of the electrode means in fig. 2a,

fig. 2c a section through a contact layer made w1th an anisotropic conductor
20 embedded in a matrix,

fig. 3a a perspective view of an electrode means with a functional element
according to the invention,

fig. 3b a principle view of the structure of a functional element and
particularly realized as a sensor element,

25 fig. 3c a section of the electrode means in fig. 3a,
fig. 3d a plan view of the electrode device in fig. 3a,
fig. 4.a first preferred embodiment of the electrode means in fig. 3a,

fig. 5 a second preferred embodiment of the electrode means in fig. 3a,



15 froma network in the matrix thus may e a source-of error. This
di sadvantage may be alleviated to sone degree by “inéluding a very sinple
l‘owpass filter inplenmentation by reading each’ functional el enment a nunber
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functional el efign8 aniequivalest diade netwanki for he @lwtfcpdeagqucgamcgp@nc to the
wherein the fLm%it.lﬁPﬁl el enment layer is unpatterned and global. The
functional el enen ayer may then be a material which is in ohmc cont act

with the anisofropic. conducto but i.t, ma e .made su t.h
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layer 3. If thﬁ_ﬁpo%tlcilmélleﬁﬁ“@huebﬁﬁem 7 is formed with an ohm c contact,

the resistance int separate functional elenemt nmay be neasured by

addressi ng t heg é @ﬁ&nfltlcztiw tlrlé'ﬂgé bPRRE Rl RIBIY device acégﬂflﬁ§5tb Ret he X,y

position in t Hé
10 1nvent10n ina chemlcal camera and ¥

- fig. 11 schematically the use of the electrode device according to the
invention in a display device.

Fig. 1a shows in perspective view an electrode means realized according to
. prior art, i.e. in the form of a sandwich structure wherein a layer of active
15 material 3 is provided over a first electrode 4, in this case active polymer and
provided thereabove again a second electrode 2, for instance an indium tin
electrode on a not shown glass substrate. The active polymer 3a may include
light-emitting polymer diodes which exploit the rectifying connection formed
_ between a conjugated polymer and the metal electrode 1. A number of these
20 polymers is of the P-type and hence a rectifying connection may be obtained
by the contact to a metal with low work function such as aluminium, calcium
[ ~or indium. Electrode means wherein the polymer is sandwiched between two
electrode layers have formerly been used for photodetection purposes. In
most of these means it is common that one of the electrodes mentioned is a
25 transparent indium-tin oxide (ITO) on a glass substrate, while the first
electrode 1, i.e. the metal electrode, is made in the form of a layer which is
evaporated onto the polymer material. In these means light will pass through
the transparent side of the sensor. An electrode means of this kind is
commonly used in light emitting devices. The same geometry may easily be
30 extended to the construction of a photodiode matrix. As the polymer material
3 will be located between the electrodes 1, 2 the deposition of the first or.
lower electrode may, however, easily damage the overlying polymer material.
In the evaporation metal may for instance percolate through the polymer
material and form short circuits, and chemical reactions may take place
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the material of the functional elenent may fE i nst ance have a specific
chem cal response output and deliver an output signal:in-the formof a 35
changed resistance when it is in-contact with a chemcal ‘species. It may

nioraction . VI RRY b B Sk RleriRafeiid . P SRS o SELRRER RphaTeC Y

mat eri al wher eusedaﬁtprl patterning the first or lower electrode in an electrode means in

19 g&?&wﬁhcmgﬁﬁnolﬁl t@ﬁ@bﬁrﬂ@fﬁaaﬁ%n&ﬂﬁm# BEt b0 vt d al]d

phot oconducti v anges t e reslstance of
t he functi onal selventsnand etching agents whigdr ard uscdsenm tive material wherein
heati ng changes the resistance of the functional elenent. The | ast

cases covey a Adrtheractivedsblpnier dRaxeésial 1§1c>cate@bbtweén menfctﬁdaes |1m2er.rh@ on

whi ch each may ]gl% denoted as respecti vel qinb ei aI

bi ocanera, a ph ﬁépﬁa%sn’d’ 3an tloéeﬂﬂ'ﬂéﬁrl Yy1il oe [ess S‘Hﬁ"}b clora

l Int eraction \th@imbeh@mmpbm @@Edﬁs&n\te iy c@ingtelsd ﬁseﬁhf&l aﬁd&k@ngméa@ﬁal

el ement may be r‘frlces XOl’llJSSIIStlIQg o'ILCpol)?rrrlle? sensors arc]itap?ed % I the ree(e:lE: 1ng%o specffe 1c
chemical species unless these are able to penetrate through one of the layers.

10 If the electrode means in the sandwich construction ate used for addressing
of detector matrices in electron cameras or pixels in ';!isplay devices, this
presupposes also that at least one of the electrodes is transparent.

Fig. 1b shows a plan view of the electrode means in the sandwich
construction of fig. 1a. The active area 3' in the electrode means is shown
15 hatched and is formed as will be seen, by the whole area which is located
_ between the electrodes 1, 2 in the intersection. That should imply that the
sandwich construction of an electrode means is very well suited for use as a
photodetector, as the active area 3' is the product of the electrode width and
hence will generate a relatively high photocurrent.

20 The electrode means according to the present invention is realized as a bridge
structure, as this is shown in perspective in fig. 2a. Herein the first electrode
1, for instance an aluminium electrode, is formed on a not shown substrate
which for instance may consist of silicon. Over the aluminium electrode 1 a

( layer of electrical isolating material is provided and on the top of this layer

25 the second electrode which similarly may be a metal, for instance gold, is
provided. The material in respectively the first and the second electrode 1, 2
shall have different work functions for reasons which are to be discussed in
more detail below. The isolating layer 4 needs only to be provided at the
intersection between the electrodes, i.e. where the electrodes 1, 2 overlap

30 each other, such that they hence form the bridge structure and intersect each
other without direct physical or electrical contact. The isolating layer 4 is
preferably deposited by means of spin coating, such that it is formed as a thin
film. As.shown in ﬁg‘. 2a and in plan view in fig. 2b, the electrodes 1, 2 are
substantially realized as strip-like structures and provided mutually

35 orthogonal. By the intersection of the electrode it shall hence in coarse
ntttenaeiuna _

This Sheet Has Been R, ‘5‘&’6

TS ST WA B T pe

REPLACED




13, irrespective whether the interaction ha§ a physi-cal , chemical or
bi ol ogi cal 10 cause. Dependent on the function of the application the
respective size of each separate functional- efenment which in a

|
ggg;g alrorgy' ngéra?%r%g?e[ t?r?dirstotod q{ee&%qgﬂlxcﬁstg}@gleﬁh%%k rHt'Eltﬁﬁ lgcéqlrér'h?xd
obj ect to be iwhigithende suhstantialiy witlrbe nqu&lnfmthe product; pélthe plasgoderwidth.

| ocal pH val ue §tsh3vJH f ﬁ% ?%‘l ﬂﬁﬁﬁaﬁ exlglgfiég‘Gf i:l'%n?éco‘ﬁheé'@&tro&é bl islexposed®e o

selected with | MENSI ONS e of a

the el ectrode Ifahedsoletiag lager ﬂu&dﬁaosmeéauds thatniyepyersothe whalg 858t and -

- reprodugeabl S {mee rr] mand
1 cm suc(éet h ?egﬁ%ﬂﬁg grlésmg?ﬂg){%f&ct rodeH egseé\ézlo?gaébg%tgﬁg ?n&bsllgen%)rﬁs over

t hese di nensi o‘il\%posll&edl rgambgcrenm\fﬁdawh@rq Has natQovesed by the spﬁ@nfép&qtmfe

devi ce 20 gﬂaﬂgetbg/ hBgnd BY%foHIHE in a canera application,
e

particul arly for et ect m cal reagents or bi om)l ecules in a

chem cal caner vel osen t h..si,qul t aneous det ect. on
o oy subet ainb TR de Rialerils shemseRieS AT B dipiolisdh By &Mk pf Fodl i, o
el enents to bethlestérit@mqtrcnmbmpdo\ndsdldm & substrate aHfdri methmetslnlmm,rimdlsa}f or
posi ti oni1 g the functional. enent s

Sur ace. Moot ek SHAYPIEATHAE AV B sPiaps ot dhe SHicomatr agthges With a
sensitive but thickmswffaboupd! ymeinsoried to @mure e@cmmlruberatﬂfn ifithtelectrode

N means is made in an integrated process, i.e. with a plurahty of electrode
- means on one and the same substrate. The electrodes are vapor-deposited, for
instance with a thickness between 200 and 250 nm, as thinner electrodes
15 easily may be damaged during the etching process for removing superfluous
portions of the-isolating layer. As the isolating material in the isolating layer
- 4 benzocyclobutene (BCB) was used. A-solution of benzocyclobutene 1:2 in
mesitylene was spin coated on the top of the first electrode and the substrate
in the course of 30 s with a spin rate of 1000 rpm. The curing of the isolation
20 layer lasted 1 hour at 200°C. The thickness could vary from 200 to 400 nm
depending on the solution temperature before the spin coating.

In one embodiment the gold electrode was vapor-deposited on the top of the
isolation layer 4. The mechanical stability of gold on benzocyclobutene,
C however, is poor and hence a 2 nm thick layer of chromium was vapor-

25 deposited before the deposition of the gold electrode. The thickness of the
gold electrode proper was 50 nm. As mentioned above, the portion of the
isolation layer 4 which is not covered by the second electrode 2 is removed.
By using reactive ion etching this removal process took less than 2 minutes
and a means with a structure as shown in fig. 2a then appeared.

30 Over both electrodes 1, 2 a contact layer 3 of an electrical conducting or
semiconducting material shall now be provided and which contacts both the
first and the second electrode electrically. The embodiment of the electrode

- means-in fig. 2a with the contact‘layer 3 deposited is shown in plan view in
fig. 2b. Along two opposite side edges of the second electrode 2 and to the

35 first electrode 1 the contact layer 3 forms active areas 3'. These have much
e
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materials in the functional element, for i nsg ance deposited by inkjet
printing to different functional elenmenfs in the deV| ce such that it
beconmes possible to realize what may be’ descri-bed”as an artificial

chem cal or bi %Qﬂhg@%(te%‘iﬂﬁﬁ}ﬁﬁ whléﬂ Ekaﬂlef@cfsetlﬂeth@E‘etn?l%dlﬂ{hrﬁfmctﬁe%nd%ch

flavour-emtting su ances In a or qui d .envi [ onnent, g i‘]
i s desirabl e toomsreation,hutghe sk éenﬂe isneyrrent v:dpes will be messegfialayhen the

interactions. electrodes ihe ﬁ'e%&&@gﬁ r‘éﬁ’lé‘l?‘i \A);:Ovacﬁpﬂf@ fl1dwing@ist B304 io¥the

may al so conprise tact a er has, no _.ani sot r opi
conductor, but narremeemboimenhefthe auitact laayér 3iectpiabRg dgpariyre 45 that the

homogenouss mat @fécﬂjlcé.’l"'ﬂcﬁﬁlu'iﬁ)ﬁ r(’ﬁ‘r"’s“etmic%nduc’un rﬂét‘éi’fi%'l o6 Yh@eonfdre Myt is an

reagents, 1ight or pressure, |s deposite |re

el ectrode st r uBRISPEOPTHEORGRRIOT OF SPTF tor. %?qlﬁf’ﬁﬁ}i the diserssien Wlllllt g‘ﬁd
directed towards the use of an anisotropic conductor made of polymer

materials. It is, however, nothing against that in certain embodiments it often
may be expedient to use an anisotropic material in the contact layer 3. By the

10 first and second electrode 1, 2 for instance comprising a metal with a high or
low work function or vice versa, the contact layer 3 as mentioned above will
form a rectifying electrical contact with the first electrode 1 and an ohmic
contact with the second electrode 2 or vice versa. '

The contact layer 3 with anisotropic conductor is shown schematically in fig.

15 2c. The contact layer comprises an electrical isolating matrix 6 in the form of
a non-conductive polymer material and embedded therein at least an

- electrical conducting polymer material .5..As shown in fig. 2d the electrical

conducting polymer material 5 is separated in domains with an extension at
least the thickness of the contact layer 3. A person skilled in the art will

20 easily realize that if a contact layer 3 with an anisotropic conductor forms
ohmic contacts with both the first and the second electrode 1, 2, it will not be
possible to selectively address the intersection point between the electrodes.
Selective addressing requires that exactly one of the contacts is a rectifying
contact. It is well-known that metal contacts of undoped and doped

25 conjugated polymers may be rectifying. This is for instance the case for
contacts between aluminium and doped or undoped substitutes of
polythiophenes. On the other hand gold forms an ohmic contact with these
materials, both in their doped and undoped states. By the first electrode 1
being made in aluminium, the anisotropic conductor will if it is formed of a

30 polymer mixture, always form a rectifying contact with the first electrode 1,
while the contact with the gold electrode 2 on the top will be ohmic.

P

With regard to the design of the contact layer 3 it shall generally be remarked
- that materials with high electronic conductivity normally are present or are
o used in Tsotropic forms. When a microscopic anisotropic conductivity is
35 present, it is only when single crystals of metallic or semiconducting
materials are used that these anisotropic conductive properties clearly
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forma part of this contact layer 3 and funcfjon as-detectors where the
active areas once again corresponds to edge areas:3' as shown in
fig. 2 and nake possi bl e detection of changes-or specific

ggggﬁgf erl St1 CaphBad RS g@ifé%bé’@oéﬁﬁ%ﬁ?sotl%xc coduthivtty! Iﬁtniss? HWAE gtﬁﬁgh{ber
of resistivityo csatpla@pnawcl@ergm anisobopies qqmpglag@nductlwty Wr%ﬂ@?af%ﬁec@d

The el ectr ode %%Ymﬁsexléfﬁgsﬂa%&& fels BHA deVICH Woth tHRYe bl di5kseBlarE Akt as

data processin unct | on re a apt e
such t hat theytheart. Trb@gze pétenvg ansigico heompesites of ée@mct@r&treméw@r@oﬁmblby
be used. fo I C nd
obvi ous appl [ Ca&mgnf Gl bﬂ%r I%Ue %ﬁ Sﬁs@ﬁ?{iﬁgbgé@ﬁ%ﬁ%ﬁogcor SEﬁ'iceﬁ
the invention &Qndﬁc'@V’éﬁm pm\rlldyd or instages arselgstorersausedniorso-called hip-

then takes pl aggj eﬂs ﬂ%‘éﬂngeﬂﬁ!id affdotrdpic conductlhgead'ﬁﬁgﬁfex Bi@t‘d‘b‘ﬁ a ﬁrgatﬁﬁ

menory cell corr ﬁ e separate el ectrod means
menory devi ce thichdneludes meial Hém(tlés ape kmpwne dhegeare normallydgs@d inghick-

itself may in mﬁsﬁﬁl@ﬁr?gvant ageously function as a nenory materi al -
and witing to a rrermry ocation, i.e. to the separate nenory cell, may

e hPhFel s S R Sl SO i
For instance nfimarof pelymer mixtures between a conjugated andba conductlve polymer
and at least one matrix polymer which is isolating. Normally a phase
separation is observed in a mixture of this kind. (See e.g. International Patent
application PCT/SE95/00549 with the title "Colour source and methods for
15 its fabrication"). When the conjugated polymers form domains with thickness
which is comparable to the film thickness, i.e. the thickness of the contact
- layer, such that the conducting domains-are exposed at both the upper and
lower side of the film, it is possible to provide these films between
conductors for forming electrical contact. By choosing a stoichiometry of the
20 polymer mixture such that the conductivity parallel to the film is very low
due to absence of two-dimensional percolation paths, it is easy to form a thin
anisotropic conductor as it is schematically shown in fig. 2d. The anisotropy
relationship between the conductance along the perpendicular to the film and
the conductivity parallel with the extension of the film direction may easily
25 be several orders of magnitude. A film of this kind may easily be made by
spin coating from a solution of one or more conjugated polymers or one or
more isolating polymers. The film may also be made with solvent casting,
melt casting or even with coating with the use of a solution or gel.

e

P

Preferably the non-conducting material is selected among the class of homo-
30 and copolymers of polyacrylates, polyesters, polycarbonates, polystyrenes,
polyolefines or other polymers with a non-conjugated backbone. Particularly
it is preferred that the non-conducting polymer material is
- polymethylmetacrylate (PMMA).

Preferably the electrical conducting polymer material which furnishes the
35 contact layer with its anisotropic conducting properties may be selected



20 t ake place by destroying the conductivijfy such i hat. there no longer is
electric contact between the. electrodes 1,:2 7t tihe nenory | ocation
.in guestion. Possi bly the nmenory device 13 n"y be realized such that

e SRt g bt g coiang s
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r

substanti al degrée. A closer descri.ption of the.nethod f.0
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No. 972803 fil %@gﬁ u}Flye 1997 and asp‘sig[r?gé ttgﬁ?ﬁe p?le)sent app?i?cant]. -
30 Menory d of this kind may al so be designed volunetrically by
st acki ng el ectrode devices above each other. Particularly with the
use of codi ng Ancontact layenstithmarthioknless afil®0 nm and condistingpef RISGPHia 4 o

P gh Vol unet i o0V mpsrix waSQeEIRRRY 6n EEBIY/s SRIERR Meads U BHIE TorE

accordi ng to tmmciaseepy i(AFNMpit whs cobfirmeddhat thendomains epteindatl theoreghather

el ectroni G camph@ Ry 1hi2R!dotidd 1hPEr fPIE RakARYRd Bhs tly evenly distributed
therein with a typical diameter in the cross direction;()_f a few tens of
nanometers.

L Now an electrode means with a functional element 7 which may have a
detecting, information storing and/or information indicating function shall be

15 described. Particularly the functional element 7 may an electrically sensitive,
chemically sensitive, photo-sensitive or radiation emitting element, and the

* use of the electrode means according to the invention will allow passive

electrical addressing of the functional element. The functional element 7 is
provided adjacent to or in the intersection of the electrodes 1, 2 and may

20 either be provided and formed as a portion of the contact layer 3 over the
intersection of the electrodes and will then substantially be conformal
therewith, such that the functional element 7 substantially corresponds to the
active areas 3' as shown in fig. 2.But the functional element 7 may also be
realized as a separate element and provided at the intersection of the

25 electrodes 1, 2, but on the top of the contact material 3. Such as this is shown
/in perspective in fig. 3a, the first electrode 1 is provided on a not shown
substrate and for instance made of aluminium. Above the aluminium
electrode an electrical isolating layer 4 is provided and on the top of the
electrical isolating layer a second electrode 2 of a second electrical

30 conducting material, for instance gold. Everywhere where the isolating layer
4 is not covered by the gold electrode 2, it is etched away such that no direct
contact is achieved. in the intersection between the electrodes 1, 2 and neither
any electrical contact. Over the intersection of the electrodes 1, 2 the contact
layer 3isprovided and on the top thereof and at the intersection such that it

35 substantially extends somewhat beyond thereof, the functional element 7 is
provided, for instance in the form of a sensitive polymer.
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unction 1s shown 1n ﬁ e first electrode 1, here indicated as'a metal

electrode of aluminium, forms with a first polymer material P1 in the form of
PTOPT a rectifying Schottky junction, wherein the metal forms the cathode.
A second polymer material P2 forms the active or detecting element itself
10 and may be designed such that it changes its conducnvuy by a physical or
chemical stimulus. The second electrode which is de51gned as a metal
electrode of gold, comprises the anode of the structure and forms a non-
L rectifying connection with polymer P1 (PTOPT).

Aluminium was selected as the metal of the first electrode, as it has such a
15 low work function as 4.3 eV. The gold anode has a higher work function,
namely 5.2 eV.

With the use of a structure or geometry as shown in fig. 3b it is possible to
monitor the conductivity state of the sensitive polymer P2 which here is
denoted as POWT, directly from the current-voltage characteristics of the

20 means. Experiments show that the rectifying efficiency of a junction between
-Al and doped PTOPT was poorer than with a junction wherein undoped
PTOPT was used, even if the current strength for a given voltage was
substantially higher. However, it is regarded that the rectifying property of
the junction is more important than the bulk conductivity and hence

25 preferably undoped PTOPT was used in the sensor element.

aa

As PTOPT is soluble in non-polar solvents, a polymer soluble in polar
solvents must be used for sensitive polymer material, as the PTOPT layer
otherwise would be destroyed during a spin coating of this polymer. A water
soluble polythiophene was chosen, namely poly(3[(S)-5-amino-5-carboxyle-

30 3-oxapentyl)-2,5-thiophenyl hydrochloride] (POWT). This molecule has an
unprotected amino acid side chain which shows a remarkable solvent
dependent specific rotation and circular dichroisth spectrum, something
which is interpreted as being caused by a partial interconversion between
syn- and antiorientations of the adjacent side chains along the polymer

35 chains. This polymer is also soluble in methanol and dimethyl sulfoxide. It
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pass through the sensitive polymer material and follow the current path
which is mentioned, viz. from the second electrode 2of gold to a PTOPT
layer and further through the sensitive polymer POWT to the junction
. between the PTOPT and the first electrode 1 of aluminium.

15 The functional element 7 may itself be a portion of the contact layer 3 which
corresponds to the area which is covered by the functional element as shown
_ in fig. 3a and the active areas of the functional elements will then in reality
correspond to the active area 3' as shown in fig. 2b, viz. the portion of the
contact layer 3 which is located on one side of the second electrode 2 and
20 extends to the first electrode 1 where the side edge of the first electrode
' intersects the other electrode. Fig. 3d and fig. 3e show respectively a section
and a plan view of the electrode means wherein the functional element 7 is
provided as a separate component on the top of the contact layer 3 and over
the intersection of the electrodes 1,2. The functional element 7 may in any
C 25 case be accessed both from the first and the second electrode. Depending on
' the material used in the functional element 7 it may have a detecting
function, i.e. function as a sensor, have an information storing function, i.e.
designed as an electrically addressable memory element or it may have an
information indicating function, e.g. by being designed as a radiation
30 emitting element.

If the functional element 7 is realized with a sensor function, it may be for
instance be made such that it gives a variable resistance as a result of a
stimulus, for instance as a response to a biological material, a chemical
- reagent; lkght radiation or pressure, and the output signal will be a current.
‘ 35 The functional elements 7 may also be designed in a material whose
electrical properties may be controlled or changed by applying a voltage or
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which function as light-emitting domains. Further it is possible to modify

properties of conjugated polymers in this respect by tuning their sensitivity

and selectivity vis-a-vis a specific chemical reagent or to a specific

10 wavelength. A number of conjugated polymers has tlhiese properties, but
particularly it has been preferred using substituted pfpjlythiophenes (PTOPT).

With reference to figs. 4, 5 and 6 it shall now be described how the
. functional element may be addressed and controlled.

Fig. 4 shows a section through an electrode means with a functional element
15 7 in the form of a sensor element provided over the contact layer 3 at the
_ intersection of the electrodes 1, 2. The material in the functional element 7
must in this case be a conductor, e.g. of organic or inorganic metal or
semiconductor. Specifically the electrode means in fig. 4 is shown adapted
for voltage addressing with regard to for instance writing of a liquid crystal
20 element provided over a functional element 7. The liquid crystal element may
then be regarded as a pixel in a liquid crystal screen. The liquid crystal
element & contacts an electronic conductor 9 which forms a third electrode of
the electrode means. The intention is now that the voltage addressing takes
- place with a waveform such that some specific process which in this case
| 25 will be the orientation state of the liquid crystal element 8, is controlled.

If the electrode means in fig. 3a is used for driving a liquid crystal display, it
is only necessary with voltage as the driving does not require particularly
high currents. If the liquid crystal element in fig. 4 are interchanged with an
electroluminescent element 10, this will require substantially higher currents,
30 but the principle for driving is once more very similar to that for driving of
the liquid crystal display. In this case the electronic isolator 8, i.e. the liquid
crystal element, is replaced by a homogenous layer 10 of an
electroluminescent material, preferably conjugated polymer, as this is shown
in fig. 5. Over the electroluminescent layer 10 there is once again provided a
35 third electrode 9 in form of an electronic conductor 9 which covers the whole
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the use qp an GreSePAiRPreftHHUSE @ conjugated polymer and the functional element
may now be realized as a pixel in an electrochromic i xmace screen as it is
shown in fig. 6. Above the functional element 7 there are in this case
C} provided a solid electrolyte layer 11, preferably in the form of a thin film of
polymer electrolyte, and thereabove a third electrode 12 of an electroactive
15 material. By current and charge addressing of the functional element 7 the
state of the electrochromic material with a functional element 7 will change
. when a current passes through the polymer electrolyte 11 and the overlying
electroactive electrode 12. When this takes place, the colour of the
electrochromic material in the functional element 7 changes and this change
20 will continue until the injected charge once again disappears. This is the
basis of electrical addressing of electrochromic thin-film screens which may
be used for reversible registration of information. Addressing and writing to
the electrochromic film screen must then be combined with a reading of the
state of the functional element 7. As most electrochromic materials also
C 25 change their resistivity when the doping state changes, it is possible first to
control this by injecting current through the functional element 7 which is
contacting the electroactive counterelectrode 12 over the interposed solid
electrolyte 11 or polymer electrolyte. This changed doping state may
thereafter be found by addressing the functional element 7 with a current and
30 reading the resistance of the functional element. Preferably there may in this
regard also be provided an electronic conductor 9 above the electroactive
electrode 12. This may be used for realizing a memory element. Even if
writing and reading in this case takes place with low speed, this embodiment
mé._k_cs it possible to integrate such memory elements in a two-dimensional
35 matrix and stack such matrices above each other, such that a volumetric data
storage device is obtained.




APPENDI X Exampl e 1 Form ng of an anjgotropic conducting materi al
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blend is deposited on a conducting substrate it is also possible to

The electrode device 13 implemented as a two-dimensional matrix is shown

in approximate block diagram form in fig. 7. The matrix which more
correctly may be denoted as a quasi two-dimensional matrix, as it necessarily
10 must have a certain thickness, is over a line 14 for the drive voltage or the
row electrodes of the x electrodes connected with ari‘I/O converter board 16
while a line 15 for the output signals from the y electrodes similarly is
C conveyed to the I/0 converter board 16. The output signals from the y
electrodes are converted into a voltage and output on a line 17 to an A/D
15 converter board 20 wherefrom the digitalized output signals or response
signals may be conveyed further to a suitable data processing device on a
- data bus 21. The data processing device-may be a common PC or a dedicated
work station, and it is not shown in the figure. A line 19 for the drive voltage
of the row electrode, i.e. their bias voltage, is similarly conveyed from the
20 A/D converter board 20 and to the I/O converter board 16 together with the
selector line 18 for selecting the electrode row to be driven. In the matrix of
the electrode device 13 the contact layer 3 may now integrated form a global
contact layer in the matrix such that the electrical conducting or
semiconducting material of the contact layer are located over both electrode
C ; 25 layers and contacts these electrically. The functional elements 7 for each
electrode means may be provided in the contact layer and form a part thereof,
the functional element then being formed at the intersection of an x electrode
and a y electrode in each electrode means which are included in the matrix of
the electrode device 13. The functional element 7 may also be provided as
30 separate element and assigned to each of the electrode means, such this is
shown in fig. 2a. In principle that may take place by the functional element 7
being provided in a layer above the contact layer 10 and patterned such that
separate functional elements are obtained for each electrode means 2. This is,
‘however, no prerequisite as the functional elements 7 very well may be
35 formed in an unpatterned layer of material which forms the functional
elements and which is deposited over the contact layer 3. First by the
addressing the functional element 7 is generated as an active structure
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the two pol yrrerbs), thI el x Ef&tfwe‘ér&?fd ?Ef‘élﬁlrdcfesdﬁp%:ﬁi H’Féjxaﬁ i of the ele@tﬁ@&’é‘ﬁ&ﬂ&
substrate it |s 'sqg passible to e conducti ng
el ect r ocheni cal 3d51pﬁgg7 At each 1ntersect10n between the row electrodes and the column
electrodes a diode 23 which in each case has the same conduction dlrec_tlon,
is generated. Possibly the electrode device may also,be realised with an
10 inherent rectifying function in order to avoid crosstalk problems by
addressing, cf. the description above of the functional element in connection
C with fig. 3a and the immediate preceding section. The selective addressing of
the separate electrode means 26 namely requires that a rectifying contact is
present in each electrode means, for instance between the first electrode 1
15 and the contact layer 3. When the functional element 7 in an electrode means
26 in an X,y position in the matrix shall be read, a current transition between
adjacent locations (x+1,y), (x-l,y),(x,};ﬁ ) or (x,y-1) must not take place.
This is evident from fig. 8 wherefrom it is seen that two opposite diodes
block a current transition of this kind.

20 With the electrodes provided in matrix form in the electrode device, such as
shown in fig. 8, current only will pass through the contact layer 3 or between
the electrodes 1, 2 in the active area 3' such as shown in fig. 2a. If
simultaneously for instance a physical or chemical stimulus changes the

( conductive properties of the polymer material in this area, for instance due to

25 incident light, the change will be detected by application of voltage and
reading of the corresponding current of the output signal. If the electrodes 1,
2 in an electrode device are floating, i.e. the x electrode 1 is not biased, the
current from the functional elements will also pass through adjacent
functional elements in the electrode means with floating electrodes. This

30 problem is solved by earthing the electrodes 2 as this is shown in fig. 8 by
using current/voltage converters 23 in all columns between their output and
earth. As the input impedance of these current/voltage converters 3 is

-negligible, all column electrodes may be regarded as grounded. Preferably a
buffer voltage was supplied to a selected row electrode 1;25 as all other

35 electrodes 1;24 were floating. Then two advantages are obtained, namely that
_—
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regard to avoiding transient phenomena such as capacity currents a_nd it has

C in practise turned out advantageous to wait about 200 ms. The detected
output currents may have a magnitude of a few pA such that noise generated
15 from a network in the matrix thus may be a source of error. This

disadvantage may be alleviated to some degree by including a very simple
lowpass filter implementation by reading each functional element a number
of times at a frequency selected by the user and average the measured values.
As expected the best results were achieved by using monitoring periods

20 which was a multiple of the voltage period of the network.

If the functional element in the layer is realized not as a global, but as a
patterned layer, it will contact both the x and the y layers through the
anisotropic conductor of the contact layer 3. By patterning the functional
element 7 in the layer, neither separate functional element will shortcircuit to
[ 25 the adjacent functional element. It is, of course, thinkable with applications

wherein the functional element layer is unpatterned and global. The
functional element layer may then be a material which is in ohmic contact
with the anisotropic conductor, but it may also be made such that it forms a
rectifying contact with the anisotropic conductor in the contact layer 3. If the

30 functional element 7 is formed with an ohmic contact, the resistance in the
separate functional element may be measured by addressing the separate
functional element, i.e. addressing the x,y position in the matrix. In this case
the material of the functional element may for instance have a specific
chemical response output and deliver an output signal in the form of a

35 changed resistance when it is in contact with a chemical species. It may also
be a biosensitive material which provides a resistance change by interaction
with biomolecules and biosystems, a piezoresistive material wherein applied
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element may be read by using such an embodiment of the electrode device
13, irrespective whether the interaction has a physical, chemical or biological
10 cause. Dependent on the function or the application the respective size of
cach separate functional element which in a camera Eépplication may be
regarded as individual pixels in the camera, may be from 1 um to 1 cm
- depending on the scale of object to be imaged. If the camera for instance
shall image the local pH value at a biological cell, the functional element will
15 be selected with dimensions with a magnitude of a few micrometers.

If the electrode device shall be manufactured as a number of identical and
reproduceable devices, these may be made in a scale between 10 um and
1 cm, such that the layers in the electrode device become homogenous over
these dimensions. It is also thinkable that realization of the electrode device

20 according to the invention in a camera application, particularly for detection
of chemical reagents or biomolecules in a chemical camera respectively a
biosensor with simultaneous detection of many substances and interactions,
may be designed with functional elements to be used only once and possible
combined with methods for positioning the functional elements at different

25 locations on a surface. Another thinkable application is the use of chemically
sensitive but non-specific polymers and combining a number of different
materials in the functional element, for instance deposited by inkjet printing
to different functional elements in the device such that it becomes possible to
realize what may be described as an artificial chemical or biological sense

30 organ for the detection of odour- or flavour-emitting substances in a gas or
liquid environment where it is desirable to detect the presence of chemical or
biological interactions.

a

The electrode device 13 according to the invention may also comprise a
contact layer 3 which has no anisotropic conductor, but wherein the contact
35 layer which consists of a homogenous material which may react to
biomolecules, chemical reagents, light or pressure, is deposited directly over

.
N
'..’

Q
Q%
W



10 positioned at a pixel. The iodine is a gppant.for POM and the

presence of
pi xel .
A devi ce accor

covered with a

15  (PTOPT) i

i odi ne can be read as a decrease. of resistance at the

Exanpl e 6: El ect rode devi ce w t hout an "ani.sotropi ¢ conduct or

QE@ Qlé&rf&&as't“ ﬂ‘ffétm&ﬂl etltE‘ﬁﬁeﬂE‘ VS‘QHF ﬂPéngE ?Hé’l‘ti%&rlﬁ apldS

ormgenous -QC hi_ ophene

form= pgptAf t-hyﬂ @mta§ W&na%éuwr( s&@mqﬁm \afhf:m ther agitve

in a 5 nmgréds eﬁyéeeﬁ!@alﬁ%ﬁré%bndmser r%e@rbﬁsf’:%ﬁ?ﬁ'o@ﬁ 18P 8- 2 aali Aakat

400 rpm from
phot or esponsi v

rm sol ufi
é)osgw(i}e aa%tl%%ﬁ ge,s r Specl lﬁé ﬁFﬂﬁt%ﬁﬁi?%m theserackivatargag y

upon expos§ire BOwHeahit i§ dibReetsrtespédfic stimuli. The specific changes may for
PATENT CLAI M5

10

15

20

30

35

instance be a change of resistivity, capacitance or the current/voltage
characteristics.

The electrode device 13 according to the invention may find application as a
data processing device if the functional elements 7 are adapted such that they
may be switched between different states and possibly be used for
configuring logic gates or logic networks. Another and obvious application is
using the electrode device 13 according to the invention as an electrically
addressable data memory. Writing then takes place in each memory cell in
the memory device, as the memory cell corresponds to the separate electrode
means 26 and the memory device to the electrode device 13. The contact
layer 13 itself may in this case advantageously function as a memory material
and writing to a memory location, i.e. to.the separate memory cell, may take
place by changing the electrical properties of the contact layer in the active
area in each electrode means 26 or memory cell. For instance may writing
take place by destroying the conductivity such that there no longer is electric
contact between the electrodes 1, 2 at the memory location in question.
Possibly the memory device 13 may be realized such that the conductivity
gradually is reduced. If this reduction takes pléce in predetermined steps,
each memory location can store several bits and it will be possible storing
bits according to a predetermined multilevel code. The storage density can
thus be increased in a substantial degree. A closer description of the method
for electrical addressing of a memory device and a discussion of complete
embodiments of such memory devices are found in NO patent application
No. 972803 filed on 17 June 1997 and assigned to the present applicant. -
Memory devices of this kind may also be designed volumetrically by stacking
electrode devices above each other. Particularly with the use of coding in
each memory location it will then be possible to obtain electrically
addressable memory devices with an extremely high volumetric storage

-density..

The electrode device 13 according to the invention may also be used as an
optical camera or electronic camera by realizing the contact layer or the



1. - An electrode nmeans particularly for adgzesm ng~of a functional
el enent conprising a first (1) and -a cond:(2) electrqde,
characterized in that the first eIectrode(l) is provided in the
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provided at the intersection between the 10 first (1) and the second (2)

el ectrode, 5suc Hl‘hélaledtﬂ‘udeedlmbé d@esan ds m@ntivted aijbve also beeétﬁbldaieﬂ&ds a
cont.act . an

wi t hout direct and el ect.rica

bri dge struct ur‘%‘%é ﬁ@?r% S&HH{IXCSP h‘ﬁ?@r%‘%’f“c&fl Sﬁﬂs%rl é’é’thFt@&Fe 58%‘&%%9
or seni mmdedd: idisiributiani of arahemlwdl substanvel atethdidured st:hemhtucstly in

el ectrode (1 cont act.i n

first (1) éné taiﬁg L& Iér?aaﬁ@% Séﬁggq E%%%@@Wtc%qmwsug apopy@er laye,
el ectrode neanfaREOPd.ng to claim 1, characterized in that the first

el ectrode (1) is provided on a subst rate (3). 3. An el ectrode

means accQpdi ngt §9tifd absbnke STBUrARTEREARBt iihskMRnspl®t {d it polymer layer in the
electrode device which makes it suitable for chemical detection, i.e. as a

L chemical camera. Since conjugated polythiophenes may interact with

' oxidating chemical species such that a highly conducting polymer material is
formed, this may for instance be regarded as a model system for a chemical
camera of this kind. It is for instance well-known that vapour of iodine will
oxidize polythiophenes, including PTOPT which preferably is used in the

- presént invention. This results in an increase in the conductivity of many
magnitudes. Hence the functional element 7 may be addressed electronicélly
such that the doping process which may be visualized in the form of an

20 increased conductance, may be followed.

Fig. 10 shows schematically the result achieved by detection of iodine
crystals on the detector of a chemical camera designed according to the
invention and with the electrodes respectively of aluminium and gold with
(" the use of an isolating layer of benzocyclobutene covered with PTOPT which
25 forms both the contact layer and the functional element layer.

The electrode device 13 according to the invention may also be employed in
a display device, indicated schematically in fig. 11 by for instance being
driven such that the functional element becomes electroluminescent. In the
same structure as used for the application described in connection with fig. 9
30 it may also be possible to generate light emission. In an embodiment
conjugated polythiophene was used in the functional element layer and
deposited over electrodes-of indium tin oxide which was supplied with a
voltage of + 30 V with simultaneous grounding of the aluminium electrodes
(row electrodes). The light source pixels are easily visible to the naked eye.
35 In an embodiment the polymer pixels emit red light. By applying voltage to a
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(1) and the second (2) el ectrodes respectivehy: consist "of net*dl. with
different 20 work functions such:that the metal; of ‘the fitst electrode
has a | ower work function than that, of.he *setond* el ect.fode "or vice

versa. _sfecific ABcBbEE MR8 iRALTlQs6dS HBYIceqj AWl Be ephitfedChom zed
in that the first el ectrode (1) consists of alumniumor an

al umi ni um al | offs electrode means oAfy.e| ect r ode neans according to claim 3,
characterized in that the 25 second el ectrode (2) caonsists of gold.
6. An el ect Widke the ahetdeomeany 26 and thiereléctroiardévic i 2 @adcordinpao thee

second el ectrode (2).consists of indi,umtin.oxide, s
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el ectrical |y cbhemecmakg possibdeithe détectiongobsubkatancesaansd stimulinta whichtheact
functional element material is sensitive.

The manufacture of the separate parts of the electrode means according to the
10 invention is é.s per se known and for instance descriifed in other connections,
e.g. in the above-mentioned international patent app.iication PCT/SE95/00549
C. and in a paper by M. Berggren, O. Inganés & al. "Light emitting diodes with
variable colours from polymer blends" Nature 1994, Vol. 372, p. 44. Yetasa
guide for persons skilled in the art there is in a separate appendix furnished
15 examples which are regarded as specific and informative in relation to the
means according to the present invention. These examples are directed
towards the manufacture of an anisotré‘;i-é conducting material, the
manufacture of the electrode means on a substrate and the application of the
functional element layer to the electrode means according to the invention

20 and both with and without the use of an anisotropic conductor.

APPENDIX

C Example 1: Forming of an anisotropic conducting material

5 mg/ml poly[3-(4-octyl-phenyl)-2.2'-bithiophene] (PTOPT) is dissolved in

25 chloroform and 5/mg/ml of polymethylmetacrylate (PMMA) likewise
dissolved in chloroform. A mixture was formed from these solutions to
prepare a solution of 6% PTOPT in PMMA. This solution is then spin coated
onto a substrate at a rotation speed of 800 rpm to give a film with a thickness
about 100 nm. The film thickness will then be comparable to the domains of

30 the conjugated polymer, so that electrical conductivity normal to the film is
high, and paralle.l to the film is negligible. If desired it is possible to convert
the PFOPT to the doped form by exposing it to gaseous oxidants or to
oxidants in solutions which will not dissolve the two polymers. If the
polymer blend is deposited on a conducting substrate it is also possible to




| ayer (3) IS an ani sotropi c organi ¢ conductor or sem conductor.

9. An el ectrode neans according to claim®} characterized.in that an
ani sotropi ¢ organi ¢ conductor conprises an electrlcally |solat|ng mat ri x
(6) in the formof a non-conductin ynmer material and enbedded
therein at dopg éat@tthéﬁoéldé@tlﬁgé&ﬂtﬁ)b}’c%ﬁQU@Fhﬁ@l?iﬂl@Qﬁéfl gmaterial (5),

said electrically 5 conducting polyner material being separated in
domains with arE:eaqhgtesRoﬁoahmg of an dnéatoiquinduetinkembtiriiness of the

char act er | ved 1 hig! Raj¥C-0%D- HighhBar (LTS Garder nahoiodofpdnd o

selecting from3 h&/nil&ﬁ‘spaiynmmlmaadrylate (PMMA@Ilt)hmwse disspdvechar yl at es,

Bg: ﬁéﬁ gr \?vist EOl §ﬁ&§gﬁﬁ %gp%ﬁl% %{)gﬁéﬁed tdm thgse Q’oquﬁfo'ng 3 p%pz(l)rteha solution
of 5% POT in PMMA. This solution is then spin-coated onto a substrate at a
rotation speed of 800 rpm to give a film of about 100 nm thickness. The film
thickness will then be comparable to the domains of the conjugated polymer,
so that electrical conductivity normal to the film is high and parallel to the

10 film is negligible. If desired it is possible to convert the POT to the doped

form by exposing it to gaseous oxidants or to oxidants in solutions which will
not dissolve the two polymers. If the polymer blend is deposited on a
conducting substrate it is also possible to dope it to the conducting state by

electrochemical doping.

15 Example 3: Forming of an electrode device on a silicon substrate
A silicon chip is covered by aluminium strips (the x electrodes 250 nm thick)
evaporated through a shadow mask. A layer of benzocyclobutene (BCB,;
(Cyclotene™, Dow Chemical) is spin coated at 1000 rpm for 30 seconds from

: a solution of BCB 1:10 in mesitylene, to make a film of 200-400 nm

20 thickness. The film is cured-at 250°C for 60 minutes. A layer of gold (50nm),
undercoated with a 2 nm thick layer of Cr for adhesion, is evaporated through
a shadow mask defining the y electrodes. The chip is etched in a plasma by
reactive ion etching for 2 minutes. This leaves-the gold electrodes unaffected,
but removes the BCB from all other surfaces. The aluminium electrodes are

25 exposed after this etching procedure. Anisotropic layers are deposited
according to Example 1.

Example 4: Fortmng of an electrode device on a glass substrate

A glass substrate is covered by benzocyclobutene (BCB) by spin coating and
curing. This is used as the substrate for depositing further layers. The surface
30 is covered by aluminium strips (the x electrodes, 50 nm thick) evaporated
through a shadow mask. A layer of BCB (Cyclotene™, Dow Chemical) is
- spin-coated at 1000 rpm for 30 seconds from a solution of BCB 1:10 in
- ‘mesitylene, to make a film of 200-400 nm thickness. The film is cured at
250°C for 60 minutes. A layer of gold (50nm), undercoated with a 2 nm thick
35 layer of Cr for adhesion, is evaporated through a shadow mask defining the y

e
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11. An electrode neans according to claim g characterized.in that the
non-conducting polymer material (6) is polymethylnetacrylate (PMVA). -
12. An el ectrode neans according to claim9, characterized in. that

17T, A e maned a7
ol yhet erocyclic po u

subst i ltout gd ‘F%/mﬁ MP%9 @?1833 Eiféjt:&)ﬂ-‘ﬁtr%o%ﬂ} sﬁ'oml}'é}ﬁhﬁ ne
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and their copol ectrode neans accor ing to claim

ners. CL
12, characteri Z’XH‘SPFFOLPH%ﬂaXeﬁ% are depos@ 8¢¢ardang (o E¥ampleilng pol yrer
material (5) is poly(3-4-octyl-phenyl-2.2"- 20 bi t hi ophene) (PTOPT).
14. An el &ct r dékampbin$: Beposidi ﬁmfnnemmaﬁ elemenadaveri zed in that the

ani sotropi c el %tde\\,\/tﬁ %@éﬂ}ﬁﬂ% o Eg(ggngéé 3R %\%%Q%rggfﬁg P%&;éﬁ?per)ggﬁttﬂf 8k of

pol ymer materials solve

15.  An el ect rqmly@s{(aS)s-Svameiét@arbongl 3t ortapemty ) oy S sthoophenydent or
hydrochloride] (POWT) by solvent casting from a polymer solution. The

resistance of each pixel of POWT is recorded. A small crystal of iodine is
10 positioned at a pixel. The iodine is a dopant for POWT and the presence of

iodine can be read as a decrease of resistance at the pixel.

¥

(-_ Example 6: Electrode device without an anisotropic conductor |
A device according to Example 3, but without the anisotropic conductors, is
covered with a homogenous film of poly[3-(4-octyl-phenyl)-2.2'bithiophene

15 (PTOPT) in a 5 mg/ml xylene solution and Cg (buckministerfullerene) in a
5 mg/ml xylene solution. The film is formed by spin-coating at 400 rpm from
a warm solution (50°C). This film is pfl-o—foresponsive, and local changes in
the photocurrent or resistivity upon exposure to light can be detected. |

)
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that the el ect rﬁ%@ fdddloveér tHR Ht%ﬁ’e&g&{b ﬁfc)hﬁ)f' thi fot}fhuéf ﬁg@ﬁfig? substantially, .

physi cal or an‘ele rlca con act an orns ' a Yo
a _ cont adttrlpalyleer straytuse oéraneﬂ@ctrrl¢aianond@n¢§mgtmngerm asaelmncsummtuaib'
organi ¢ orthogonal intersecting relationship to the first electrode (1), that a layer (4)

of electrical isolating material is provided at the intersection between the
10 first (1) and the second (2) electrode, such that the électrodes (1, 2) overlap
each other without direct physical and electrical con’j.act and hence form a
) bridge structure, and that a contact layer (3) of an electrical conducting or
L semiconducting organic material is provided above the first electrode (1) and
the second electrode (2), contacting both the first (1) and the second
15 electrode (2) electrically.

2. An electrode means according to claim 1, characterized in that the first
electrode (1) is provided on a substrate (3).

3. An electrode means according to claim 1, characterized in that the first
(1) and the second (2) electrodes respectively consist of metal with different

20 work functions such that the metal of the first electrode has a lower work
function than that of the second electrode or vice versa.

4. An electrode means according to claim 3, characterized in that the first
r electrode (1) consists of aluminium or an aluminium alloy.
5. An electrode means according to claim 3, characterized in that the

25 second electrode (2) consists of gold.

6. An electrode means according to claim 1, characterized in that the
second electrode (2) consists of indium-tin oxide.

7. An electrode means according to claim 1, characterized in that the
contact layer (3) forms a rectifying contact with the first electrode (1) and an
30 ohmic contact with the second electrode (2) or vice versa.

8. An electrode means according to claim 1, characterized in that the
clectrically conducting or semiconducting organic material in the contact
layer (3) is an anisotropic organic conductor or semiconductor.
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17. An el ectrode rreans according to cl a| m 16, characterized in that the 15

el ectrical conbctiAg dectede meansaccosdimegiontlaims, chagacterized dn dhat thet

| ayer ($dnicondiicAhk i;]ﬂmet endteridyes Pis éé'le@tﬁ[%ﬁ%ﬂlﬂﬁé e[ass of homo- &8d
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11.  An electrode means according to claim 10, characterized in that the
Q_, non-conducting polymer material (6) is polymethylmetacrylate (PMMA).

12.  An electrode means according to claim 9, characterized in that
electrically conducting polymer material (5) is selected from the class of
15 polyheterocyclic polymers such as substituted polythiophenes, substituted
polythiophenvinylenes, substituted polypyrrols, polyaniline and substituted
polyanilines, substituted polyparaphenylvinylenes and their copolymers. .

13.  An electrode means according to claim 12, characterized in that the
electrically conducting polymer material (5) is poly(3-4-octyl-phenyl-2.2'-
20 bithiophene) (PTOPT).

14, An electrode means according to claim 9, characterized in that the
_ anisotropic electrical conductor (5) is made from a solution mixture of
(_ ' polymer materials which is spin coated, solvent cast or melt cast.

15. An electrode means with detecting, information storing and/or

25 information indicating function, comprising a first (1) and a second (2)
electrode and a functional element (7) and with passive electrical addressing
of the functional element (7), characterized in that the first electrode (Dis
provided in the form of a substantially strip-like structure of an electrical
conducting material, that the second electrode (2) is provided over the first

30 electrode (1) in the form of a likewise substantially strip-like structure of an
electrically conducting material and in substantially orthogonal intersecting
'réﬂlétimén-ship to the first electrode (1), that a layer (4) of electrical isolating
material is provided at the intersection between the first (1) and the second
(2) electrode, such that the electrodes (1, 2) overlap each other without direct
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16. An electrode means according to claim 15, characterized in that the
10 functional element (7) either is provided or formed &s a part of the contact
layer (3) above the overlap of the electrodes (1, 2) a’,ﬁd conformal therewith,
or provided as a separate element (7) above the contact layer (3) ard adjacent
L therewith such that it registers with the overlap of the electrodes (1, 2).

17.  An electrode means according to claim 16, characterized in that the
15 electrical conducting or semiconducting organic material in the contact layer
(3) is an anisotropic conductor or semiconductor.

18.  An electrode means according to claim 17, wherein the electrtical -
conduction organic material is an anisotropic conductor characterized in that
the anisotropic organic conductor comprises an electrical isolating matrix in

20 the form of a non-conducting polymer material and embedded therein at least
an electrical conducting polymer material (5), said electrical conducting
material (5) being separated in domains with an extension at least equal to
the thickness of the contact layer.

19.  An electrode means according to claim 16, characterized in that the
25 functional element (7) is a potential-controlled inorganic or organic metal or
a potential-controlled semiconductor.

20.  An electrode means according to claim 19, characterized in that the
functional element (7) for voltage addressing contacts a thereabove provided
liquid crystal layer (18) which in its turn contacts a thereabove provided

30 electronic conductor (9), said liquid crystal layer (8) being controlled by
applying a voltage between the functional element (7) and the electronic
-conductor (9).



21. An el ectrode neans according to claim 1§, char jﬁﬂl“ﬁtlmﬂlmwmlm
functional element (7) is a current injectabte inor t al
or a current injectable sem conductor. . “An"el Bct*¥ ode
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el ectrol uni nesc® entuuecap Tappl yi ng a vol tage between t he
functional elenment (7) and the el ectronic conductor (9). 10 23.

An el ectrode nedds adoctldetingde onednsi ancoedinghar eletrorl lzadharactetized inghat the
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electronic conductor (9), current being injected in the electroluminescent
layer (10) by applying a voltage between the functional element (7) and the
~electronic conductor (9).

10 23.  An electrode means according to claim 16, characterized in that the
functional element (7) is a charge-storing inorganic or organic metal or a
charge-storing semiconductor, said materials including electroactive and/or
electrochromic materials whose optical properties change with the amount of
charge stored.

15 24.  An electrode means according to claim 23, characterized in that the
functional element (7) for current and charge addressing contacts a
thereabove provided solid electrolyte layer (11) which in its turn contacts a
thereabove provided electroactive material (12), a doping state in the
functional element (7) being changed by applying a voltage between the

20 functional element (7) and the electroactive material. ;

25.  An electrode means according to claim 22, characterized in that the
solid electrolyte (11) is a polymer electrolyte.

26.  An electrode means according to claim 23, characterized in that the
electroactive material (12) contacts a thereabove provided electronic

25 conductor (9).

27. An elect;‘ode device (13) with detecting, information storing and/or
information indicating function, wherein the device comprises two or more
electrode means (26) according to any of the claims 15-26 and with passive
electrical addressing of the functional elements (7) in the electrode device

30 (13), characterized in that the electrode means (26) are integrated in a quasi
two-dimensional matrix, that the first electrodes (1) form a patterned layer of
row electrodes in the matrix, that the second electrodes (12) without being in
direct physical or electrical contact with the row electrodes (1) form a
patterned layer of column electrodes in the matrix, that the contact layer (3)
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charge stored. 15 24. An el ectrode nearp® accor di nﬂmﬂmfﬂlmemlum
characterized in that the functional elenment (7

charge addressing contacts a - t her eabove prOV|ded solid electrol yte
|l ayer (11) whi efthep mt%grattad ffoﬁﬁsfaaglbbahcontact la}tdianahbanﬂrp{ ovpdadrned is

ol orent () bePagieBRdineachyeRnath el P Gtheags (BDb fhanthegeSfidd Wnducting
functional el emjers"err(xac)nduuin@er@rﬂcmaemlvlethimbemaet layer (3) is pPovidedrover
ol  d ol ectr ol JoU EREFIE 1455 GEpoRasks e citedRany ahdihat te tunctiongl.
means accof di n@lemenﬂsa(ﬂbnp%vldeﬂanaan everzthe oonta¢tal1ayeh(a3) form onelogghoxeact i ve
(oo 12)  SARCAR o Labh HaSRARE IV Y ot HinBliB AT S8pferd® proy BTN o'
storing and/ or respectxve|twfoednaemsmnahmattaces;gheump;arate funmwlah eldmpente{/i)ce
conprises two 9ég1g{)c{rﬁm%w1th theelleEﬁEEtW@ oVEALP Het ke A G5 'ef&:tf&ﬂeaﬂ% #Hq 4he

clainms 15-26 an
column electrode (2) in the electrode layers.

10 28.  An electrode device according to claim 27, wherein more than one
layer of functional elements are provided, characteri""zed in that the separate
layers of functional elements (7) are separated by arf‘electronic or ionic

(_ conducting layer. '

29. An electrode device according to claim 27, characterized in that the
15 separate functional element (7) is an inorganic or organic metal or a
semiconductor which generates a response signal as response to a specific

——

physical stimulus.

30. An electrode device according to claim 27, characterized in that the
separate functional element (7) is an inorganic or organic metal or a

20 semiconductor which outputs a response signal as response to a specific
chemical reagent.

31.  An electrode device according to claim 27, wherein the electrical
- conducting material in the contact layer (10) is an anisotropic conductor,
characterized in that the anisotropic conductor contacts both the layer of row
25 electrodes (1) and column electrodes (2) such that a self-adjusting electrical
connection between the two electrode layers is obtained.

S

32.  An electrode device according to claim 27, characterized in that the
electrode device (13) is realized in thin-film technology.

33. An electrode device according to claim 27, characterized in that the

30 functional element layer is formed by a deposition of a polymer layer from a
solution of a single conducting polymer or a polymer mixture comprising at
least oné conducting polymer, said conducting polymer being in a doped or
an undoped state.
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el ectrical addressi 'ng of the functional elengfts (YU!IJ uﬂnumuwe
devi ce 30 (13), characterized in that the el ectr e

i'ntegrated in a quasi t wo- di mensi onal matrix, that the "fi rss_t *
el ectrodes (1) 34r m Anpalecrodedelvinecacanirding to cladm 33 ecttaractesizied ihtthat the

matrix, that th 0 | 1 ] ' ' j .
physi cal or el e@?fl’?(l% ggpgggr%ﬁg(@ﬂﬁé%&tﬁé%&&ﬁ%ﬁ&@?hggy%ﬂy f}ber Prg Q n?&l solution
patt er ned | ayeronthecpdlymeresiodationaeixture beiagrapinicoatad)solvdm cashonaielt agsir
(3) either integrated forns a gl obal contact |ayer in the

matrix or pattegfied The use of thdeHdERsEk aevi@eca!&céﬁdiﬁg%eclﬁirﬁcztmdﬁa #iBsl or
(21), that the electrjcal conduct sem conduct.i ngﬁorgan C

. or .
material int heeeIEBWPB& CamgoEd, W r'eﬂgﬂpﬁ Binctianad glements (7) ipghe el¢ctradedevice

layers and contfehspixesstn 8ldetédtbe ddans (33Y if B¢ chhgra unctional 5
el ements (7) provided in or over the contact |ayer (3) formone or nore

patterned or nojp pattgl Red o HEefectiode /812 ofdifET8 Haith 94 888 chfmical
camera wherein the functional elements (7) in the electrode device form
pixels in a detector means (13) in the camera.

10 37.  The use of the electrode device according to <:';""1aim 27 in an electrically
addressable memory device or an electrically addres;%able data processing
- device, wherein the functional elements (7) in the electrode device (13)
respectively form memory elements or logic elements in such devices.

38.  The use of the electrode device according to claim 27 in an electrically
15 addressable display device, wherein the functional elements (7) in the
~ electrode device (13) form pixels in the display device.
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réspecti ve two- d-i mensi‘'onal nmat r| ces, the epar at e fl@t@@@f@%@t“(b)

regi stering with ithe respective overl ap t ween a ro eI ect o_de Ql?oand a
colum el ectrode \(2) in the el ectrode | ayers. e

devi ce according to .claim27, wherein.nore than one
funct i onal fég.efrarthirdapre ferrediesebiodisnentaef the Q@Gtmﬁletfﬁéﬂﬂﬁ hlé ,at e.

| ayers of functienal elements (7) are separated by an el ectronic or i onic

conduct i ng fi@yprhe electrode d?éince AR Bt &R tfbdl?tecl@l\(/'eﬁﬁoﬁcé‘rﬁl th gerh@nfeldawmm
i on el erren IS an

characterized in separa un
i nor gani ¢ dRPBE 68& OéltPr‘étt@FaW for drwmg Oféhf@i %Fn%ﬂsc‘?‘f‘ ﬁ 108
response S|tggqjut§§t §igpRRNSe to a specific physi cal. sti mul us.

30. © An el ectrode deVi ce’ accor di ng to claim27, characterized in that the

Sem cohauclB hARcRgHA saf ém(af % tﬁﬁef it&%at%ﬁggriséf&?mg%afsoqf sgdbyfiec

chem cal r é¢ayemtion,

fig. 9 schemattcally the use of the electrode device accordmg to the 1nvent1on

‘in an optlcal or electromc camera,

_ ﬁg 10 schemaucally the use of the electrode device accordmg to the
10 1nvent10n in a chemical camera, and ' -

fig. 11 schemattcally the use of the electrode dev1ce accordmg to the

_mventton in a d1splay devrce

o Fig. la shows in perspecttve view an electrode means realtzed accordmg to "
ot B . prior art i.e. in the form of a sandwich structure wherein a. layer of active
15 material 3 is provided over.a first electrode 4, in this case active polymer and. -
' provided thereabove again a second electrode 2, for instance an indium tin
electrode on a not shown glass substrate. The active polymer 3 may include
light-emitting polymer diodes wh1ch exploit the rectifying connection formed
N between a conjugated polymer and the metal electrode 1. A number of these .
20 polymers is of thé P-type and hence a rectifying connectton may be obtained
by the contact to a metal with low work function such as aluminium, calcium
or indium. Electrode means wherein the polymer is sandwiched between two
electrode layers h_ave'forrrierly been used for photodetection purposes. In
most of these means it is common that one of the electrodes mentioned is a
25  transparent indium-tin oxide (ITO) on a glass substrate, while the first’

- electrode I, i.e. the metal electrode, is made in the form of a layer Which is
evaporated onto the polymer__ material. In these means light will pass through
the transparent side of the sensor: An electrode means of this kind is

_ commonly used in light emitting devices. The sa_fne geometry may easily be -
.30 extended to the construction of a photodiode matrix: As the polymer material
3 will be located between the electrodes 1, 2_'the deposition of the first or
lower electrode may, however, easily damage the ox-lerlying' polynter material.
In the eveporation metal may for instance percolate through the polymer
material and form short circuits, and chemical reactions may take place




31. An electrode .device accord| ng to claim 27, \/\herel n the eI ectrical
cdnducting material in the contact |ayer A10) is an anisotropic conductor,
characterized in that the ani sotropi ¢ conductor contacts both the layer of
row 25 - electrodes.(1) and columm el ectrodes (2) such that a

sel f - ad] uswmhqh@ytc&mgb the olyméﬁﬁfbﬁéhlabrifbﬁplﬂl\sﬁﬁeﬁﬂsﬁ-b@wd(ﬁhﬁ(hbﬂol@e
g el ectrode,devi ce accordl né:;qto claim 27,

| bt
S rot or i SO ITAF PRHETRIRG the Arst of|lpBier GHeOIdRs Lo A0 I ROrOus SAFRTOHn | &

characteri
thin-film Eﬁ?@ﬂ@é@%nstructlon thedpolyMerahatdridaudert adlacs oritistand alp! ai m

27, characterized i ﬁ\l the 3 functional element layer is formed by. a
dep05| tionS eélti)éﬂarﬁi ghing agents grhigh are usede| ution of a single conduct i ng
pol ymer or a polymer m xture conprising at .- |l east one conducti ng

pol yme , sAiscthecautieg pog/maﬂ steridleisrigcatedobetvpessh tite electrodas 1yiitiged

,SAF\/E}\IEDED Sl_fél@ftrode means in sandwich construction further will be less sultable for a
number of purposes. For instance it cannot be used for addressmg detector
matrices consisting of polymer sensors adapted for the reacting to specific
chemical species unless these are able to penetrate through one of the layers.

10 If the electrode means in the sandwich construction are used for .addr'essing

of detector matrices in electron cameras or pixels in display devices, this
presupposes also that at least one of the electrodes is transparent.

Fig. 1b shows a plan view of the electrode means in the sandwich -
construction of fig. la. The active area 3' in the electrode means is _shewri '
15 - hatched and is formed as will be seen, by the whole area wﬁich is 'locéted '
between the electrodes 1, 2 in the intersection. That should imply that the
- sandwich construction of an electrode means is very well suited for useasa
photodetector, as the active area 3' is the product of the electrode width and

hence will generate a relatlvely high photocurrent.:

20 The electrode means according to the present invention is realized as a bridge
- structure, as this is shown in perspective in fig. 2a. Herein the first electrode -
1, for instance an aluminium el€ctrode, is formed on a not shown substrate
which for instance may consist of silicon. Over the aluminium eléctrode 1 a )
layer of electrical isolatiﬂg material is provided and on the top of this layer '
25 the second electrode which similarly may be a metal, for instance gold, is
provided. The material in respecti\}e_ly' the first and the second electrode 1, 2
shall have different work functions for reasons which. are to be discussed in
more detail below. The isolating layer 4 needs only to be provided at the
_ intersection between the electrodes, i.e. where the electrodes 1, 2 overlap
30 each other,_'_such that they hence form the bridge structure and intersect each '

. other without direct physical or electrical contact. The isolating layer 4 is '

: preferably deposited by means of spin coating, such that it is formed as a thin
film. As shown in figs. 2a and 2b and in plan view in fig. 2c, the electrodes 1, 2 are
substantially realized as strip-like structures and provided mutually

35 oorthogonal. By the intersection of the electrode it shall hence in coarse
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———

03 JAN 2007 /

3



cprding to claim 33, characterizéd T nm that—the

el enent |aygr takes place by the polymer

r solution m xture being spin coated, solvent
The use of the electrode device according

to claim 2

functional eI enment s IZ]%&II% tF]heSa ect ﬁ“y&ﬂ'é}&ﬁﬂﬁé?mmﬁ lﬁ]&‘}f&@q n a

det ect or ih henge p hétléblpfsvdl be equal to 3be prd‘«thlecmét}m‘ elteha'cxeﬂeewﬁdlﬂﬂe
ra whqr ein the

funct ?oﬁgl‘g%%éﬁam'@% 25, B onud efkelBiB 4 & trmppetbotue R i TG d < 1 n a
det ect or neaesositdd)aslimitd16a RO 23 or shown in fig. 3.

If the isolating layer 4 is deposited such that it covers the whole first
electrode 1, the isolating layer after the second electrode 2 has been -
deposited may be removed where it is not covered by the second eiectr_qd-e,

for instance by means of etching.

34. An.el r%ﬂ w a¢
depositionjoff t S ?@om
sol ution orthe poly
cast or nelft _cast.

The electrode materials themselves may be deposited by evaporation and if
the first electrode 1 is'provided on a substrate of for instance silicon, it may
be grown an oxide layer on the surface of the silicon, for instance with a-
thickness of about 1 um in order to ensure electrical 1solat10n if the electrode
means. is made in an integrated process, i.e. with a plurality of electrode
means on one and the same substrate. The ¢lectrodes are vapor-deposrted,"fo-r
instance with a thickness between 200 and 250 nm, as thinner electrodes .
easily may be damaged during the etching process for removing supe,r-fluo'tis', _
portions of the isolating layer. As the isolating material in the isolating Iayer .
4 benzocy_clobutene (BCB) was used. A solution of benzocyclobutene 1:2in .

| mesitylene was spin coated on the top of the first electrode and the substrate _
in the course of 30 s with a spin rate of 1000 rpm. The eurii_lg of the isolation
layer lasted 1 hour at 200°C. The thickness could vary from 200 to 400 nm
dependmg on the solutxon temperature before the spin coatmg

In one embodlment the gold electrode was vapor- depos1ted on the top of the
isolation Iayer 4. The mechanical stability of gold on benzocyclobutene, '
However, is poor and hence a 2 nm thick layer of chromium was vapor-
deposited before the deposition of the gold electrode. The thickness of the
gold electrode proper was 50 nm. As mentioned above, the portion of the
isolation layer 4 which is not covered by the second electrode 2 is removed.
"By using reactive ion etching this removal process took less than 2 minutes

and a means with a structure as shown in figs. 2a, 2b then appeared.

Over both electrodes i,_ 2 a contact layer 3 of an electrical conducting or .
semiconducting material shall now be provided and which eo_nfac’ts both the
first and the second electrode electrically. The embodiment of the electrode
means in fig. 2a with the contact layer 3 deposited is shown in plan view in
fig. 2c. Along two opposite side edges of the second electrode 2 and to the
first electrode | the contact layer 3 forms active areas 3'. These have much



10. 37: The use of the electrode devi ce according to cIa|n127 i n.an
electrically addressabl e menory device or an el ectrically addressable.
data processing devi ce, wherein th& functional elenents (7) |nuthe

el ectrode device (13). respectively formnenory el ements or |ogic
el ements i'n such devi ces. 38. The use of the electrode device .
accordi ng smatleziaxt@¥sion thanevkichris ¢he lopsg in the zuabedimaentandthemaad viehi ce,

wher ei n t NRohMAS gggggtg{ﬁ{v}}e”&ﬁ*f&em ih Rukf¥ht values WifFbé B ERtaf Gifehind 0T M |

pi xels in
electrodes 1, 2 are made extremely narrow. In the following discussion of the

narrow embodiment of the contact layer 3 the point of departure is that the

5 electrical conducting or semiconducting material in the contact layer is an
anisotropié conductor or semiconductor. Specifically the discussion will be
directed towards the use of an anisotropic conductor made of polymer
materials. It is, however, nothing against that in certain embodiments it often

: . may be expedient to use an anisotropic material in the contact layer 3. By the

10 first and second electrode 1, 2 for instance comprising a metal with a high or

low work function or vice versé, the contact layer 3 as mentioned above will
form a rectifying electrical contact with the first electrode 1 and an ohmic

contact with the second electrode 2 or vice versa.

‘The contact layer 3 with anisotropic conductor is shown schematically and in cross section in fi g

15 2d. The contact layer compnses an electrical isolating matrix 6 in the form of
a non-conductive polymer material and embedded thereln at least an
v electrical conductmg polymer material 5. As shown in fig. 2d the electrlcal _
'conductmg polymer material S is separated i in domains with an extension at
least the thickness of the contact layer 3. A person skilled in the art will
20 easily realize that if a contact layer 3 with an anisotropic é.on'd'uctor formé
- ohmic contacts with both the first and the seconci eI_ectro_dé 1,-2, it will not be
possible to selectively address the intersection point between the electrodes.
Selective addressmg requxres that exactly one of the contacts is a rectifying
. contact. It is well- known that metal contacts of undoped and doped
25  conjugated polymers may be rectifying. This is for instance the case for '
contacts between aluminium and doped or undoped substitutes of
.' polythiophenes. On the other hand gold forms an ohmic contact with these
materi_als, both in their doped and undoped states. By the first electrode 1
. 'being made in dluminium, the anisotropic conductor. will if it {s formed of a
_3_0'-' polymer mixture, always form a rectifying contact with the first electrode 1,
while the contact with the gold electrode 2 on the top will be ohmic.

With regard to the design of the contact -layef 3 it shall generally be remarked
~ that materials with high electronic conductivity normally are present or are’
used in isotropic forms. When'a microscopic anisotropic conductivity i is
35 present, it is only when single crystals of metallic or semiconducting
| materials are used that these anisotropic conductive properties clearly

oy
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If the functional element is to be used as a basic element in a matrix device,

.such as is further discussed in connection with fig. 7, it must either be-

connected to a diode structure and have an inherent rectifying behaviour in -
order to avoid crosstalk problems in passive addressing of the matrix device. .

The principle structure of the functional element 7 realized with a detecting .
function is shown in fig. 3b. The first electrode 1, here indicated as a metal

“electrode of aluminijum, forms with a first polymer material P1 in the form of

PTOPT a rectifying Schottky junction, wherein the metal forms the cathode.
A second polymer material P2 forms the active or detecting element itself
and may be designed such that it changes its conductivity by a physical or
chemical stimulus. The second electrode which is deslgned as a metal

~ electrode of gold, comprises the anode of the structure and forms a non-

rectlfvrno connection with polymer P1- (PTOPT)

Aluminium was selected as the metal of the ﬁrst electrode as it has such a
low work funcuon as 4.3'eV. The gold anode has a hlgher work functlon, _ .'

namelv 5. 2 eV.

. With the use of a structure or geometry as'shown in fig. 3b it is possible to

monitor the conductivity state of the sensitive polymer P2 which here is
denoted as POWT, directly from the current-voltage characteristics of the

" means. E‘{perxments show that the rectifying efficiency of a junction between -

Al and doped PTOPT was poorer than with a junction wherein undoped

-~ PTOPT was used, even if the current strength for a given voltage was

substantially higher. However it is regarded that the rectifying property of
the junction is more xmportant than the bulk conductivity and hence
preferably undoped PTOPT was used in the sensor element

" As PTOPT is soluble in non- polar solvents a polymer soluble in polar
solvents must be used for sensitive polymer material, as the PTOPT layer

otherwise would be destroyed during a spin coating of this polymer. A water -

. soluble polythiophene was choseh,' namely poly(3[(S)-S-amino-S-carboxyle- L
3-oxapentyl)-2,5-thiophenyl hydrochloride] (POWT). Thlsmolecule has an"

unprotected amino acid side chain which shows a rema’iil{able solvent

- dependent specific rotation and circular dichroism spectrum, somethlng

which is interpreted as being caused by a partial interconversion between -
syn- and antjorientations of the adjacent side chains along the polymer

chains. This polymer is also soluble in methanol and dimethyl sulfoxide. It
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assigned to the separate electrode means in the matrix.

The electrode device in fig. 7 may also be provided with more than one layer
of functional elements 7, as the separate layer of functional element then
must be separated by an electronic or ionic conductor layer.

Fig. 8 shows a simplified electrical equivalent model of the network formed
by the x electrodes and y electrodes 1, 2 in the matrix of the electrode device
13 in fig. 7. At each intersection between the row electrodes and the. column
electrodes a diodé 23 which in each case has the same conduction direction,

is generated. Possibly the electrode device ; may also be realised with an
inherent rectifying function in order to avoid crosstalk problems by . .
addressing, cf. the descfiption above of the functional element in connection
with fig. 3a and the immediate preceding section. The selective addressing of
the separate electrode means 26 namely requlres that a rectlfymg contact-is

. present in each electrode means, for instance between the first electrode 1

and the contact layer 3. When the functional element 7 in an electrode means’
26 in an x,y position in the matrix shall be read, a current transition between '

" adjacent locations (x+1,y), (x-1,y).(x, y+1) or (x,y-1) must not take place.
This is evident from fig..8 wherefrom it is seen that two opp051te d1odes

block a current transition of this kmd

With the electrodes provided in matri_x form in the electrode device, such as

shown in fig. 8, current only will pass through the contact layer 3 or between
the electrodes 1, 2 in the active area 3' such as shown in fig. 2a. If
simultaneously for instance a physical or chemical stimulus.changes the
conductive properties of the polymer material in this.area, for instance due to
incident light, the change will be detected by application of voltage and
reading of the corresponding current of the outpu't'signal. If the el_ectrodes 1,
2 in an electrode device are floating, i.e. the x electrode | is not biased, the
current from the functional elements will also pass through adjacent

- functional elements in the electrode means with floating electrodes. This

problem is solved by earthm!7 the electrodes 2 as this is shown in fig. 8 by
using current/voltage converters 22 in all columns between their output and

- earth. As the input impedance of these current/voltage converters 22is

negligible, all column electrodes may be regarded as grounded. Preferably a
buffer voltége was supplied to a selected row electrode 1;25 as all other'
electrodes 1;24 were floating. Then two advantages are obtained, namely that
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