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A read-only memory . : M\ J\/\1
is made electrically : 9~
addressable over a passive
conductor matrix, wherein
the  volume  between i .
intersection of two ]
conductors (2; 4) in the
matrix defines a memory 1 T
cell (5). Data are stored o 4
as impedance values in B«
the memory cells. The
memory cells (5) comprise
cither an isolating material Ar'
(6) which provides high T T |
impedance or one or : s
more inorganic or organic 7/ l l
semiconductors (9), prefer-

ably with an anisotropic é . ' %

conducting property. The
semiconductor material
(9) forms a diode junction
at the interface to .a
metallic conductor (2; 4)
in the matrix. By suitable 2—
arrangement of respectivel
the isolating material (6}; W W
and semiconductor material

(9) in the memory cells

these may be given a determined impedance value which may be read electrically and corresponds to logical values in a binary or
multi-valued code. One or more read-only memories (ROM) may be provided on a semiconductor substrate (1) which also comprises
driver and control circuits (13), to accomplish a read—only memory device. The device may be realized either planar or also volumetrically
by stacking several read-only memories (ROM) in horizontal layers (15) and connecting them with the substrate (1) via addressing buses.
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parallel planes and with parallel electrodes in each plane and provided such
that the electrodes form a substantially orthogonal x,y matrix wherein the
electrodes in the first electrode structure comprise the columns of the matrix or
x electrodes and the electrodes in the second electrode structure comprise the
15 rows of the matrix or y electrodes, wherein at least a portion of the volume
between the intersection of an x electrode and a y electrode defines a memory
cell in the read-only memory, wherein the mutually overlapping portions of the
x electrode and the y electrode in the memory cell, each defines a contact area
in the memory cell, wherein at least one semiconductor material is provided
20 between the electrode structures and with rectifying properties in relation to a
selected electrical conducting electrode material, and an electrical isolating
material, wherein the semiconductor material in electrical contact with an
electrode in the memory cell forms a diode junction in the interface between
semiconductor material and electrode material.

25 The invention also concerns a read-only memory device which comprises one
or more read-only memories according to the invention, and a read-only
memory device which comprises two or more read-only memories according to
the invention.

Matrix addressing of data storage locations or bit spots on a plane is a simple
30 and efficient way of achieving a great number of accessible memory locations
with a moderate number of electrical addressing lines. In a square x,y matrix
with n lines respectively both in the x direction and the¢y direction the number
of memory locations scales as n”. In one form or another this basic principle is
at present implemented in a large number of different embodiments of solid
35 state memory means. In these the memory location comprises a simple
electronic circuits which communicates to the outside via the intersection in
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5 density. In the large subclass of so-called volatile memory means the circuits
must constantly sustain a current supply with accompanying heating and
consumption of electric power in order to maintain the stored information. On
the other hand non-volatile means avoid this problem, but with the trade-off of
a reduced access and switching time as well as increased consumption and
10  high complexity.

Prior art provides a number of examples of semiconductor-based read-only
memories with electrical addressing in passive matrix. Thus US patent No.
4 099 260 (Lynes & al.) discloses a semiconductor-based read-only memory
(ROM) made as a large scale integrated device wherein self-isolating bit line
15 surface areas of one conduction type are formed in a semiconductor substrate
and directly in a bulk area in the opposite conduction type. Channel stop areas
of the same conduction type as the bulk area are formed in the intervals
between the bit line areas. Metallic word lines which lie above and are
orthogonal to the bit line areas, are formed separately from these by means of
20 an isolating layer. The memory cell comprises a single Schottky diode. A
diode of this kind will be formed or not at each intersection between a word
line and a bit line depending on whether or not an opening is formed in the
isolating layer during manufacturing in order to permit the word line to contact
a lightly doped portion of the bit line. A ROM of this kind is stated to have a
25 small area, high speed, low power dissipation and low cost.

Further there are from US patent No. 4 000 713 (Bauge & Mollier) known a
device with semiconductor elements, such as Schottky diodes and transistors
integrated in the form of a matrix on chips. The matrix may be custom
designed in order to provide a desired function. For instance it may be used as

30  AND or OR matrices in programmable logic arrays (PLA) or as read-only
memories which are stated to have better properties with regard to storage
density and power dissipation. A first electrode structure with parallel metal
electrodes of somewhat different design is provided on a semiconductor
substrate of for instance the p type. An oxide layer is provided on a

35 semiconductor substrate and openings are formed in the oxide layer to provide
anode contacts and cathode contacts via metallic lines which constitute a first
metal level in the electrode matrix. Two n” areas are located under the cathode
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one 1conduc ron t

sem_conduct or
compnses a thin-film diode and it may by using stacks of semiconductor films,

for instance of hydrogenated amorphous silicon, wherein the separate films are
of different conduction types, be obtained diodes with different conduction
characteristics. Thereby the information content in the ROM matrix may be
increased. Each memory element which is formed with diode structure, may

15 then be set with different logic levels according to some manufacturing
protocol. Where the memory element does not have a diode structure or where
the semiconductors are covered by an isolating layer such that no electrode
contact is formed, the memory element may be used to form a determined first
logic level, for instance logical 0. '

20 Even though the above-mentioned prior-art devices all realize electrical
addressing in passive matrix in an as per se known manner by providing diode
junctions in closed electrode contacts, they have partly due to using different
types of semiconductors a relatively high degree of complexity. In the ROM
device as disclosed in the last-mentioned publication (US patent 5 272 370) it

25 may, however, be possible to store more than two logical values in the matrix,

 but this presupposes use of different diode types and hence several layers of
differently doped semiconductors in the bit spot with diode junction.

The object of the present invention is hence primarily to provide a read-only
memory or ROM which permits electrical addressing in passive matrix to the
30 separate memory cell in the read-only memory and which does not need
refreshment in order to keep the data stored in the memory cell, while the
read-only memory shall be simply and cheaply realized using as per se known
technologies and methods as applied in the semiconductor and thin-film
technology.
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much reduced cost than would be the case when using crystalline inorganic
semiconductors.

Further it is also an object to provide a read-only memory which allows a
multilevel coding of predetermined memory cells or memory locations.

10 Finally it is the object of the present invention to provide a read-only memory
which may be used to realize a volumetric read-only memory device.

These and other objects and advantages are achieved according to the
invention with a read-only memory which is characterized in that a first logic
state of a memory cell in the read-only memory is formed by an active portion
15 of the semiconductor material covering the whole contact area in the memory
cell, the diode junction comprising the whole contact area of the memory cell,
‘that a second logic state in a selected memory cell in the read-only memory is
formed by at least one electrode structure in the memory cell being covered by
the isolating material, that one or several additional logic states in a memory
20 cell in the read-only memory is formed by an active portion of the
semiconductor material covering only a part.of the contact area and/or that the
“diode junction only comprises a part of the contact area, such that the data
which are stored in the memory may be represented by the logic states in a
binary or multi-valued code, and that a logic state in each case is given by the
25 impedance value of the memory cell, said impedance value substantially being
given by one of the following factors: the impedance characteristics of the
semiconductor material, the impedance characteristics of the isolating material,
the extension of the active portion of the semiconductor material, the extension
of the part of the contact area which forms the diode junction, and the
30 impedance characteristic of the diode junction.

A first read-only memory device according to the invention is characterized in
that the read-only memory is provided on a substrate of semiconductor
material or between substrates of semiconductor material and via the substrates
connected with driver and control circuits for driving and addressing, said

35 driving and control circuits being integrated in the substrate or the substrates
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Wherein the read-only memory according to the invention constitutes a binary
logic memory with only one additional logic state, it is advantageous that the
first logic state which either represents a logical 0 or a logical 1, is given by
the effective forward bias resistance of a diode formed in a memory cell

15 wherein the semiconductor material contacts both the x electrode and the y
electrode, and that additional logic state which correspondingly represents
cither a logical 1 or a logical 0 is given by a selected resistance value for the
isolating material provided in a memory cell wherein the semiconducting
material at most contacts either the x electrode or the y electrode, said

20 isolating material in a memory cell preferably having an infinite resistance
value.

Wherein the read-only memory according to the invention is realized as a
multilevel logic memory with two or more further logic states, it is
advantageous that the first logic state is given by the effective forward bias

25 resistance of a diode formed in a memory cell wherein the semiconductor
material contacts both the x and y electrodes and that the additional logic
states are given by determined resistance values for the isolating material
provided in a memory cell wherein the semiconductor material at most
contacts either the x electrode or the y electrode and the selected determined

30 resistance value in each case lies between the effective forward bias resistance
of a memory cell formed in the diode, and infinite.

In a first embodiment of the read-only memory according to the invention the
isolating material in selected memory cells is provided between the electrode
structures in the form of a separate layer-like isolator patch which wholly or
35 partly covers at least one of the electrodes in the memory cell, a selected
memory cell dependent on the active portion of the semiconductor material
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the electrode structures and adjacent to the isolator patches in the selected

memory cells, such that semiconductor material and the isolator patches

10 mutually flush in a common continuous layer.

In a second embodiment of the read-only memory according to the invention
the isolating layer is provided between the electrode structures in the form of a
substantially global layer which covers at least one of the electrode structures
and with removed portions in selected memory cells, such that removed

15  portion wholly or partly exposes the electrodes in a selected memory cell, said
memory cell dependent on the active portion of the semiconductor material __
and/or the diode junction part of the contact area in the latter case acquiring a
logic state which cbrresponds to a level in a multi-valued code. )

If the isolating layer in said second embodiment covers only one of the

20 electrode structures, the semiconductor material may preferably be provided
between the electrode structures and over the isolating layer in a global layer
and besides contact the electrode structures in the removed portions of the
isolation layer. If the isolating layer covers both the electrode structures, the
semiconductor material may preferably be provided only between the electrode

25 structures and adjacent to the isolation layer in the selected memory cells, such
that the semiconductor material and the isolating layer mutually flush in a
common continuous layer. Finally, it is according to the invention
advantageous that the semiconductor material is amorphous silicon,
polycrystalline silicon or an organic semiconductor, said organic

30 semiconductor preferably being a conjugated polymer.

According to the invention the semiconductor material may be an anisotropic
conductor. Preferably the semiconductor material may comprise more than one

semiconductor or possibly also be added or combined with an electrical
conducting material.
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Fig. 1 shows schematically a general embodiment of a memory device with a
passive electrode matrix provided between backplanes or substrates,

fig. 2 schematic examples of sneak current loops which may arise in a matrix
of this kind,

fig. 3a a first embodiment of a read-only memory accordmg to the invention
and seen in plan view,

fig. 3b a section through the read-only memory in fig. 3a taken along the line
A-A in a first variant of this embodiment,

fig. 3¢ a section through the read-only memory in fig. 3a taken along the line
A-A 1n a second variant of this embodiment,

fig. 4a a second embodiment of the read-only memory according to the
invention seen in plan view,

fig. 4b a section through the read-only memory in fig. 4a taken along the line
A-A in a first variant of this embodiment,

fig. 4c a section through the read-only memory in fig. 4a taken along the line
A-A in a second variant of this embodiment

fig. S5a an example of multilevel coding of a memory cell in the embodiment in
fig. 3a,

fig. S5b a section through the memory cell in fig. 5a taken along the line B-B,

fig. 6a an example of multilevel coding of a memory cell in the embodiment in
fig. 4a,

fig. 6b a section through the memory cell in fig. 6a taken along the line B-B,

fig. 7 a sectional view through a first read-only memory device according to
the invention, and
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technol ogy. 15 Particularly it is the object of the present invention to
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states |ngR.PROR'ShdHith fof thAGnEE %dd\spé}i%ngequ&ﬁc'af 11025 PSnh extend in a
y direction and respectively form first and second electrode structures in an
orthogonal x,y electrode matrix. The x electrodes 2 and the y electrodes 4 are
provided sufficiently close to each other such that geometrically well-defined
10 overlapping areas or intersections between the electrodes are provided. The
volume near and between each intersection, coarsely defined by the
overlapping area which is given by the width of the intersecting x electrodes
and the y electrodes in these intersections, comprises what in the following
will be denoted as a memory cell 5, see fig. 2. The mutually overlapping areas
15 of respectively the x and the y electrodes 2;4, in a memory cell 5 will be
denoted as the contact area of the memory cell. According to the invention
data is stored in each memory cell as impedance values, for instance resistance
values between the x and the y electrode in each intersection. The logic state in
each intersection or memory location is found by measuring electrical
20 impedance between the x electrode and the y electrode which intersect each
other in the memory cell.

Distinct from common known current-addressed and matrix-based memory
systems the present invention allows the use of a purely passive electrical
addressing, as there are no discrete active circuit elements in the memory cells.
25 It is well-known that the use of electronic memories with memory cells in
passive matrix is encumbered with alternative current paths or sneak current
paths in the electrode matrix. This problem is indicated in fig. 2 where
alternative current paths generated by addressing the memory cell 5 given by
the intersection between the electrodes my, n; are indicated by thinner stitched
30 lines to the neighbouring memory cells. When the size of the matrix, i.e. the
product x-y increases, then the sneak current problem also amplifies. If the
memory elements in each intersection has a purely resistive impedance this
implicates that the resistance difference in a write operation will be masked by
currents which leak through alternative current paths, such as indicated in fig.
35 2. If the electrical connection in each intersection is given a highly non-linear
current-voltage characteristic, the sneak current problem may be reduced or
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allows the use of suitable memory structures in the form of controllable
impedances. According to the present invention the x and the y electrodes may
preferably surround a layer of semiconducting material, for instance in '
thin-film configuration. Particularly this semiconducting material may

10 advantageously be a conjugated polymer of the tiophene or PPV-type. By
choosing a suitable electrode material with regard to the semiconducting
material, a diode junction is obtained at the electrode-semiconductor interface
and the diode may be given very good rectifying properties. A simple
linearized analysis shows that the number of electrode intersections, i.e.

15 memory cells which may be addressed without distortion or noise due to sneak
currents, is approximately equal to the diode rectification ratio in each
intersection, i.e. the relation between forward and backwards flowing current
at a given bias voltage.

Another basic problem with passive matrix memories as exemplified in fig. 1

20 wherein the continuous material layer with finite resistance extends in the
intervals between the intersections of the electrode matrix, is that currents even
with perfect rectification in each intersection may flow between the electrode
lines 2, 4 in these intervals. Even if the path length in these intervals will be
much longer than which is the case in the intersections, i.e. in the memory cell,

25 and the layer between the electrode structures are extremely thin with high
surface resistance, the combined effect of many such current paths is
detrimental to the measured impedance and hence finally sets an upper limit to
the number of intersections and so also of memory cells which may be realized
in a passive matrix. '

30  The last kind of crosstalk may be avoided by making the film conductance
highly anisotropic, i.e. with high conductance in the desired current direction
and else low conductance. In case of fig. 1 this will correspond to high
conductance perpendicularly to the plane of the matrix and low conductance in
the matrix plane. Polymer compositions with properties of this kind have been

35 described in the literature, for instance in the paper “White light emission from
a polymer blend light emitting diode™ of M. Granstrdm and O. Inganiis,
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THIS SHEET HAS BEEN



addressing, said drl ving and control circuits bei ng integrated in the

substrate t e and realized in a sem conduct or ‘
t echnol ogy co atl b ' asbée%{ﬁépﬁ&tdhe substrate material; and a second -
r ead- onl YO9eis evi mng‘t the invention PSTAYRHSHIE, | zed
in that the read- onI cke hori zontal layers in
order to provide a vol urret r| C nmenory deV| ce that the vol unetric

or  bet welkeupguErRiE LR AR 49 (Fafl, AR GRABYAS Hopps ana TR ETIE

subst r at devices based mhemandmvc&MEdmdmNWenh@plmw Neircuits for
15 drbyeago a&ﬂmﬂ?ﬁ%ﬁeagmgﬁed tHrthé’:pP&heﬁ'ﬂ‘iggHEI:ﬁP' circuits being

mtegra’aed i ubstrate o strates and reali zed ||na
Wher oi n SHIEPE-MIt A% 2h R0 FS KOS BHRG SheRRE 45 ot Bh B, 1v Retith IR ”

bi ndfy | mgind yrebestyodsst 2;dsaragpravidegomeachaide dfam ianisotrapic ¢hin film whi ch

ot oet i odith bl AaRich 1t SO SnRlrsBoti Ol 6 ine elecholel ButinbPbe |
wher ei n chded byi a controlled depositiomef anielgctrigal isolatingmatemal ketwvees: r ode and -

the v el Bidddii sedidteliiftersectifid) duch this wil baWeduseéd in hrecdsthttigs i ch
correspondi ngly reprezi&r‘ltg‘ fflc ciaaeﬁ i.cal qQr a 0.|cal Ois
gi ven by CeNBEER RatcBIGat gcﬁe rquée‘iwsaﬁmrﬂjvﬁﬁta@r
10 resistance, each intersection or each memory cell can be binary coded, for
instance with a forward bias voltage which either gives logical 1 as R =R,
where Rp is the effective forwards bias resistance of the diode in this
intersection, or logic 0 as R = o, where an infinite resistance on purpose have
been inserted in the intersection. Higher data storage capacity will be obtained
15 by using a larger range of resistance values, which is equivalent to several bits
being stored in each memory cell, for mstance with resistance values R;, Rz,

R3 RF<R1<R2<R3<00

A first embodiment of the read-only memory according to the invention shall
now be described with reference to fig. 3a-3c. In this case the as per se known
20 the generic structure as shown in the figure is formed by depositing thex =~
electrodes at the bottom substrate 1 or backplane which may be made of a
semiconducting 2 material and comprises active circuits for signal processing,
routing and logic manipulation integrated with the x electrodes 2 which here
form a first electrode structure in the electrode matrix. Correspondingly a top
25 substrate 3 may integrate circuits with the y electrodes 4 in the same manner
and for corresponding purposes. It shall be understood that the x electrodes 2
and the y electrodes 4 may be used for forming for instance bit lines and word
lines in the read-only memory according to the invention. Both substrates 1;3
with circuits and electrodes 2;4 are processed by means of standard
30 semiconductor technologies and it may for instance be used a crystalline
semiconductor wafer, for instance of silicon, as substrate. Alternatively, the
silicon may consist of amorphous silicon or semiconducting organic materials
on rigid or flexible supports (backplanes). In a following step may now either
one of the substrates 2;4 or both 2,4 be coded such that the resulting read-only
35 memory receives the desired information content. Advantageously this is done
by providing localized isolator or resistor films 6 in the form of patches 7 over
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isolator patches on the resistor patches 7 a global semiconductor layer 9 is now
for instance deposited such as shown in fig. 3b ( the semiconductor layer 9 is
for the sake of clarity deleted from fig. 3a), which simultaneously forms a
diode junction with the electrode material in one of the electrode structures,
for instance the y electrodes 2. The chosen semiconductor material and the
chosen material in the electrode structure may be such that where the exposed
portions of the electrode structures physically contact the semiconductor
material, rectifying junctions or diode junctions are spontaneously formed.

The semiconductor material used must have suitable rectifying and conducting
properties, while it is desirable with low bulk cost, simple processing, a long
lifetime etc. and must be such that optimal contact to the material of the
electrode structures is obtained. As semiconductor material may for instance
conjugated polymers of either the PPV or thiophene families be suitable.
Alternatively amorphous silicon or polycrystalline silicon may be used
together with an anisotropic conducting thin film of plastic material.

The basic procedure of the manufacture requires a precision adjustment when
the isolator patches 7 is deposited on the electrodes 2;4. This step may,
however, easily be implemented with a direct extension of manufacturing
processes for active circuits with electrode matrices. Global deposition of
semiconductor film 9 such as it is shown in fig. 3b, may be performed without
any kind of precision adjustment. The y electrode 4 must, however be provided
in such manner that the isolator patches 7 are located in the intersections
between the electrode structures. This requires a higher positioning accuracy
the closer the intersections are provided. In that connection the use of 2
transparent top substrate 3 with semiconductor circuits based on organic
semiconductors or amorphous silicon in combination with thin film of
semiconductor polymer may offer possibilities for an adjustment which cannot
be achieved by using non-transparent substrates of crystalline silicon. In the
embodiment in fig. 3a the resistance values of the isolator patches 7 may be
varied by using different isolating materials, possibly by varying the thickness
or the form of the isolator patches. It is hence very well possible to obtain a
multilevel coding such that for instance the memory cell 5 in an intersection
wherein no isolator patch 7 has been provided, may represent a logical 0 while
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common cthatitheyase flasbrwith the surface of the isolator patches 7. This may entall
10 further advantages with regard to eliminate and reduce stray currents and stray
capacitances. In the variant embodiment in fig. 3b stray capacitances may arise
or stray currents may flow to the semiconductor bulk material 9. This may,
however, be eliminated by using an anisotropic semiconductor as the
semiconductor material, the conduction direction of which extends between
15 the electrode structures. If, however, the semiconductor layer 9 is flush with
- the surface of the isolator patch 7 as shown in fig. 3c, which is expedient when
the isolator patches have the same thickness, the distance between the
electrode structures may be reduced and the semiconductor layer generally be
made much thinner, such that the semiconductor material does not need to be
20 anisotropic conducting, while possible bulk currents simultaneously are
strongly reduced. The diode junction between the semiconductor material and
one of the electrode structures will, of course, simultaneously be maintained
and reduce or eliminate the danger for sneak currents via the electrode
structures.

25 Fig. 4a and 4b show respectively in plan view and in section taken along the
line A-A in fig. 4a another embodiment of the read-only memory according to
the invention (the semiconductor layer 9 also here deleted from fig. 4a). The
electrode structures are as before deposited on respective bottom and top
substrates 1;3, but an isolating layer 6 is now deposited over the electrodes 2,

30 4 and between the electrode structures and over one of them as a substantially
global layer, but with removed portions 8 in predetermined intersections for
the purpose of forming therein memory cells 5 which store other logical
values. A semiconductor material 9 which now is deposited over the top of the
isolating layer 6, see fig. 4b, will of course only contact both electrode

35 structures in the removed portions 8 or "windows" in the isolating layer 6,
such that the memory cells 5 at these removed portions for instance may store
a binary logical value 0, while the memory cells 5 wherein one of the electrode
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10 8 or windows and thereabove applying a global semiconductor layer 9, while
the y electrodes 4 is deposited on the top substrate 3, whereafter the top
substrates 1,3 with deposited electrodes 2, 4 isolating layer 6 and
semiconductor layer 9 are joined into a sandwich structure. An advantage of
the embodiment shown in fig. 4a-4b, is that the semiconductor does not need

15 to be an anisotropic semiconductor, while simultaneously stray currents and
sneak currents outside the intersections between the electrodes substantially
will be completely eliminated. In addition sneak currents through the diode
junctions are reduced, as current only will flow where a window is located in
the isolating layer. A restriction to the use of binary coding only makes it

20 possible to increase the data storage density by reducing the horizontal
distance between the electrodes in each electrode structure, such that area
density of the memory cells increases. Typically the sneak current background
will be halved in a binary coding scheme with one half zeros and one half
ones, and this will allow that the number of memory cells or intersections in

25 the electrode matrix may be doubled with maintenance of the same basic
signal-to-noise ratio in the addressing (reading). Also in the embodiment in fig.
4a-c logical values based on a multilevel code may be stored, such this will be
explained more closely in the following with reference to figs. 6a and 6b .

In a second enbodi rrent of the ri QRly nenory according to the invention

Figs. 5a and 5b show in plan view and in section a memory cell in the

30 embodiment of the read-only memory as shown in fig. 3a and 3c. The isolator
patch 7 which codes the memory cell 5 is here realized such that it isolates
only a part of the contact area in each memory cell, in contrast with the
embodiment shown in fig. 3a, where for instance the isolator patch 7 isolates -
the whole contact area 11. As before the semiconductor material 9 is provided

35 between the electrodes 2, 4 above the isolator patch 7 and as before a diode
junction is formed between one of the electrodes 2, 4 in the memory cell 5 and
the semiconductor material 9. The diode junction may for instance in the
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one som COMRGETERE &% iz b JASHEHT EtH dEFOBTEE AFER AdaDS th an e octri cal
conduct i gm’wdmiucnbr layers 9 ﬂush w1th the isolator patches 7 are used, as in fig. 3c,
the area of the diode junction will of course be reduced to that part which is
not covered by the isolator patch 7. The effective conductor cross section and
5  the bulk impedance in the semiconductor material will in thin semiconductor
layers or anisotropic semiconductor layers depend on the effective contact area
which in figs. 5a, 5b is limited to that part of the electrode 2, 4 which is not
covered by the isolator patch 7. This effective contact area which may be
different from the area of the diode junction, defines an active portion in the
10 semiconductor between the electrodes 2, 4. By using isolator patches of
different size for coding the memory cells, it may in this manner suitably be
stored data in a multi value code. |

A coding of the memory cells 5 in the embodiment in figs. 4a-4c takes place in
inverse analogy with the method shown in figs. S5a and 5b, as now it is, as

15 shown in fig. 5a, the extension of the removed portions 7 or windows in the
isolating layer 6 which determines the effective contact area in the memory
cell 5 and if the variant in fig. 4c is used, also the diode junction part of the
contact area. The semiconductor material 10 which is provided over for_
instance the x electrode 2 in the memory cell 5, hence has its bulk impédance

20  reduced substantially in correspondence with the reduction in the effective
contact area and by varying the size of the window 8 in the isolating layer 6 in
this manner and hence the effective contact area, data may be stored in the
memory cells with the use of a multi-valued code.

It shall here be remarked that coding of data with use of multi-valued code

25 places greater demand on discrimination when reading the impedance value in
a memory cell and if there is a present danger of bulk and sneak currents
masking the impedance value signal, either the mutual distance between the
electrodes 2, 4 in each electrode structure and hence the memory cells 5 may
be increased or else the multi-valued code may be employed with the

30 embodiment variants shown in respectively fig. 3c and fig. 4c, which easily
will allow the memory cells to be located with a great area density and with
maintenance of the discrimination which will be necessary to obtain a readout
of the data stored for instance in a two-bit code, i.e. with two levels between
the code level given by respectively a complete masking of the contact area in

35 the memory cell and a complete exposure of the contact area in the memory
cell. It is, however, supposed that it will be possible to increase the number of
levels in the code, for instance using three- or four-bit coding. The latter is
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and seen placehmhv:nnwentmnal micrhd-phofilithograpliiomethodsgh t he read-only
menory in fig. 3a taken along the line 20 A-Ain a first variant of this

enbodi Menft may be expedient to form the semiconductor material from several
5 semiconductors, for instance prdvided in layers, such as known in the art, in
order to obtain special types of diodes, such as also known in the art, or in
order to vary the impedance characteristics. For the same purpose also the
semiconductor material may be combined with or added an electrical
conducting material.

10 One or more read-only memories ROM according to the invention may
advantageously be provided on a semiconductor substrate 1 of for instance
silicon. In this substrate or integrated therewith in a compatible semiconductor
technology there may be provided driver and control circuits 13 for the
read-only memory. An embodiment with four read-only memories ROM

15 provided for instance on a silicon substrate 1 with integrated driver and control
circuits 13 is shown in fig. 7. Instead of providing the read-only memories in a
planar configuration, they may also be stacked vertically in layers, such as is
shown in fig. 8. Once again the semiconductor substrate 1 of for instance
silicon integrated with driver and control circuits 13, is used. Along the side

20 edges of a stacked memory device of this kind there may be provided
addressing and driver buses 14 and in order to connect the electrodes in the
respective electrode structure, i.e. the electrode matrix, to the driver and
control circuits in silicon substrates as this is indicated in fig. 7 which shows
an embodiment with stacked read-only memories ROM 15,...15, which

25 mutually are isolated by isolating layers 16,...16,, for instance ceramic.

Read-only memories and read-only memory devices according to the invention
could advantageously be realized in card format compatible with standard
interfaces as commonly used with personal computers. In practice the
read-only memory realized in a read-only memory device may be implemented
30 in known thin-film technology and the read-only memory device will
integrated with the silicon substrate appear as hybrid device. In practice it has
turned out that read-only méiniories according to the invention may be made
with a thickness of electrode structures and memory cells of at most a few
micrometers and with realistically at least two memory cells per pm? with the
35 use of present technology. A read-only memory with one storage layer and an
area of 1 cm® will hence store 25 Mbyte with binary coding. By using two- or
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fig. 3c a section through the read-only nenory in fig. 3a taken along the
i ne A-A in a second variant-of this enbodi nent, fig. 4a a .
second enbodi nent of the read-only nmenory according to the i nvention
seen in pPloA¥YMI&@w, 25 fig. 4b a section through the reX§TGVP3POAory -i n
fig. 4a taken along the line A-}6in a first variant of this

enbodi nment fig. 4c a section through the read-only nennry in fig.

12, aken et 098 4080k, Dimeing yoich P SAHSAE AR Ry e RERRR T
30 in fofgousse, be correspondingly increased. It is assumed that it also will be 8
realistic to reduce the size of the memory cells further such that a quadrupling
of the storage density in this way may be achieved. It will hence be possible to
5 store some hundred Mbytes in each read-only memory and the data storage
density will, of course, increase proportionally with the number of stacked
layers in a read-only memory device configured volumetrically.

Implemented with standard card interfaces for use in personal computers or in
decoder devices for play-back equipment for reproducing sound and picture

10 material it will hence be possible to employ the read-only memory according
to the invention as data carrier for source material which else usually is stored
on media such as CD-ROM.

Writing to the read-only memory according to the invention, i.e. input and
coding of data, is implemented in and integrated with manufacturing processes.

15 Preferably the read-only memory is manufactured with the use of well-known
thin-film technologies and photolithographic methods. Basically all materials
may be provided in global layers and electrode structures and patches and
removed portions (windows) formed with the use of photomasks and etching,
"Writing" of data then takes place by "coding”" photomasks for patches or

20 windows with posifioning and dimensioning the patches or windows of the
mask in accordance with a determined protocol, such that each memory cell is
correctly coded. Processes of this kind may easily be implemented for
manufacturing of large series of read-only memories with the same source
information, for instance program material for music or films.

25
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fig. 5b a section through the nenory cell in fig. 5a taken along the line

B-B,’ fig. 6a an exanple of nultilevel coding of a nmenory cell in
the embo in fig. 4a, fig. 6b a secpopioobpeégh the
menory cell in ?I g. 6a taken along the lftme B-B-— 5____fig. .7 a sectional
view through a first read only menory device accord| ng to t he

i nvention, and fig. 8 a sectional vieWlhisShee hBtaanﬂamﬂ read-only
menory devi ce accor di ng to the |nvent|o m,’ general

backgr oun on shall now be discus cI osely. A
generic n&ﬁ%gﬁaﬁglég@%% system Is showmn in fig. 1, ere| n
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second el The m: manufactunng process of the read-only memory, permanently each are
5 assigned one or two or more logic states according to a determined protocol

which in the memory defines permanently written or stored data, and a passive
matrix of electrical conductors (2, 4) for the addressing, wherein the passive
electrical conductor matrix comprises a first and a second electrode structure
in respective mutually spaced apart and parallel planes and with parallel

10 electrodes (2, 4) in each plane and provided such that the electrodes form a
substantially orthogonal x,y matrix wherein the electrodes in the first electrode
structure comprise the columns of the matrix or x electrodes and the electrodes
(4) in the second electrode structure comprise the rows of the matrix or y
electrodes, wherein at least a portion of the volume between the intersection of

15 an x electrode (2) and a y electrode (4) defines a memory cell (5) in the
read-only memory, wherein the mutually overlapping portions of the x
electrode (2) and the y electrode (4) in the memory cell (5), each defines a
contact area (11) in the memory cell (5), wherein at least one semiconductor
material (9) is provided between the electrode structures and with rectifying

20  properties in relation to a selected electrical conducting electrode material, and
an electrical isolating material (6), wherein the semiconductor material (9) in
electrical contact with an electrode (2, 4) in the memory cell forms a diode
junction in the interface between semiconductor material and- electrode
material, characterized in that a first logic state of a memory cell (5) in the

25 read-only memory is formed by an active portion of the semiconductor
material (9) covering the whole contact area (11) in the memory cell, the diode
Jjunction comprising the whole contact area of the memory cell, that a second
logic state in a selected memory cell (5) in the read-only memory is formed by
at least one electrode structure in the memory cell being covered by the

30  isolating material (6), that one or several additional logic states in a memory
cell (5) in the read-only memory is formed by an active portion of the
semiconductor material (9) covering only a part of the contact area (11) and/or
that the diode junction only comprises a part of the contact area (11), such that
the data which are stored in the memory may be represented by the logic states

35 in a binary or multi-valued code, and that a logic state in each case is given by
the impedance value of the memory cell (5), said impedance value
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structures in an orthogonal—x;y—eteetrode matri x. The x el ectrodes 2 and
the y 15 el ectr r ovided sufficiently close to each ot her
such t hat g@gs&ﬁ éH%’?% . defi ned overl appi ng areas or -
i nt er se¥YPIH34762t wee ﬂ l, Iectléodes are provi ded PCTNOBOYPe near

and between each int oarsely defined by the overl appi ng
area which is given by the wdth of the I ntersecting x el ectrodes

dth L ades .| A i nt {} . 200 o ' t inth
ol 1 ow nduRrERtRRYReinE VT By Heof B kilfbginE factoiSO L iRl | 0 1 e
mut ual | y chasadterigtics)ofi theasemicondsstor matdrials the hnpcdhndeechatac?risﬁmdeﬁ
2;4, i s Wi BRtFE%R .
cell. | chlér SI _naﬁ{lgqitl%tgﬁéyv@ht%%ﬂ%gg [ se?tc?)l?g(} | nbﬁ;é:%ﬁ{r?ee%on?if °h§§f’| asry
i npedancandtgrigbstheretensionafthe past 9 the eowiart asawhigh foumethe dindet ho y 25
el ecsr odguhétiSRCind tHehfifeddnde: chtactepidtic ofithalible g@sériont er section or .

menory location is found by measuring electrical inpedance between
the memory ol read-only Hilinbllf abodidRil RO Sl RueRiBideseaBlly Y 10, L
mat ri x- bavexony sonstitutes a bingryt logic mameorvath onlyvens additional degicstatese of
active L TRRRtERzEL 16 hatthe Shit logie MARHIUL offier BTGP A BgRA DI £
fhe use. APEWELL; i5RIEIRYns BHeRRVE féipiend, bias Tesistince of 2 diode formed in
10 a memory cell (5) wherein the semiconductor material (9) contacts both the x
electrode (2) and the y electrode (4), and that additional logic states which
correspondingly represent either a logical 1 or a logical 0 are given by a
selected resistance value for the isolating material (6) provided in a memory
cell (5) wherein the semiconductor material (9) at most contacts either the x

15 electrode (2) or they electrode (4).

3.  ..Aread-only memory according to claim 2,
characterised in that the isolating material (6) in a memory cell has an infinite
resistance value.

4. A read-only memory according to claim 1,

20 wherein the read-only memory is realized as a multilevel logic memory with
two or several further logic states, characterized in that the first logic state is
given by the effective forward bias resistance of a diode formed in 2 memory
cell (5) wherein the semiconductor material (9) contacts both the x and the y
electrodes (2,4) and that the additional logic states are given by determined

25 resistance values for the isolating material (6) provided in a memory cell (5)
wherein the semiconductor material (9) at most contacts either the x electrode
(2) or the y electrode (4) and the selected determined resistance value in each
case lies between the effective forward bias resistance of a memory cell (5)
formed with a diode, and infinite.

30 5. A read-only memory according to claim 1,
characterized in that the isolating material (6) in selected memory cells (5) is
provided between the electrode structure in the form of a separate layer-like
isolator patch (7) which wholly or partly covers at least one of the electrodes
(2,4) in the memory cell (5), a selected memory cell dependent on the active
35 portion of the semiconductor material and/or the diode junction part of the
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In passive matrix is encunbered with alternative current paths or sneak
current paths in the el ectrode matrix. This problemis indicated in fig. 2
where al t ewowigye2r current pat hs generated by addressi ng thePCENOH8/00263 |
5[err] 19 AVENDED SHEET

9 given by the intersection between the electrodes nferr], n[err]
are indicated by thinner stitched |ines to the_ neighbouring nmenory
cel I s. Wheeonthet ateadndghetlntier case acquiringialogic statewhishoenrcespondsitoa eases,

then the speaKif 4 hERi-valued eal so anplifies. If the nmenory

el ements in eac |ntersect|o as a purely resistive 5 | npedance this
t hat

I npl i cates e sance dlffe lN..aMite opearati W | |
ber mmsked By cufrRESSR RRCEY AcERTAIABHO S1ER ST herent e trotar patch, (Bh
wholly or partly covers only one of the electrodes (2, 4),
5 characterized in that the semiconductor material (9) is provided between the
electrode structures in a global layer and besides over the isolator patches (7)

in the selected memory cells (5).

7. A read-only memory according to claim 5, wherein the isolator patch (7)
wholly or partly covers both electrodes (2, 4),

10 characterized in that the semiconductor material (9) is provided only between
the electrode structures and adjacent to the isolator patches (7) in the selected
memory cells (5), such that the semiconductor material (9) and isolator patches
(7) mutually flush in a common continuous layer.

8. A read-only memory according to claim 1,

15 characterized in that the isolating material (6) is provided between the
electrode structures in the form of a substantially global layer which covers at
least one of the electrode structures and with removed portions (8) in selected
memory cells (5), such that the removed portion wholly or partly exposes the
electrodes (2, 4) in a selected memory cell (5), said memory cell dependent on

20  the active portion of the semiconductor material (9) and for the diode junction
part of the contact area (11) in the latter case acquiring a logic state which
corresponds to a level in a multi-valued code.

9. A read-only memory according to claim 8, wherein the isolating layer
(6) covers only one of the electrode structures,

25 characterized in that the semiconductor material (6) is provided between the
electrode structures and over the isolating layer (6) in a global layer and
besides contacts the electrode structures in the removed portions of the
isolating layer (6).

10. A read-only memory according to claim 8, wherein the isolating layer
30 (6) covers both electrode structures

characterized in that the semiconductor material (9, 10) is provided only

between the electrode structures and adjacent to the isolating layer (6) in the

selected memory cells (5), such that the semiconductor material (9, 10) and the

isolating layer (6) mutually flush in a common continuous layer.
—
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as indicated in fig. 2. 1T the €lectrical connection in each intersection

I's given a hrlgg’ghyetﬁ%egﬂm@ﬁeedcurrent vol t age -characteristic, the -
sneak current robI em reduced or wholly elim na{}ed ite
sinply tHPIo %tchl ev Iu“tnmll er which is al readiFHRPT% and
suggested in the art, roviding a rectlfylng di ode in

series with the i rrpedance or resistance in each intersection.

An essent, aI g f - f . di odes
o CSSeMIE, | RHkaBlork)SaBER ALcbRHAR'E Unkd 1| BRI LIBI B ¢ o0

si mul tanésuscynduaorm@tﬁnah@hseamg@hﬂu% ic@Bl e nenory structures in the
formof controllable .i npedances. According to the present invention
the x and2 he A rebdainlyaremory according tproliiendpicharacterizediimthatythe of

sem cond th|n filmconfiguration.
Parti cul #f‘t}@@ﬂ@‘?&ﬂt&“ﬂ? %gﬁﬁl&%&rétgp%sﬂmo advant ageously be a
conj ygat ed, pol of .the tiophene gr PPV-t ho sin a

sui tabl e 12’4 ect‘xdﬂé draply memopy agcording foq aﬁg §E¥‘T at

mat eri al ,setnidbadectoy mitepial (9) isbimwgahxetsehﬁeoﬂ&ﬁcﬂotode sem conduct or

I nterface and the di ode nmay be given very good rectifying properties. A
sinmple |ipgari Eﬂﬁt] r

i nt ersect Pgn K%@a&rﬁhy%émﬁ?t?r‘géclﬁmn %% 3 cﬁ%ra%lt@rg%éecgggéh vvit%lﬁout
di st or t | GEBRImicondactas (9) is a conjugated polymer

15. A read-only memory according to claim 1, characterized in that the
10 semiconductor material (9) is an anisotropic conductor.

16. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) comprises more than one semiconductor.

17. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) has been added or combined with an electrical .
15 conducting material.

18. A read-only memory according to claim 1, characterized in that the
semiconductor material (9), the isolating material (6) and the electrode
structures are realized as thin films.

19. A read-only memory comprising one or more read-only memories

20 (ROM) according to claim 1-18, characterized in that the read-only memory
(ROM) is provided on a substrate (1) of semiconductor material or between
substrates (1;3) of semiconductor material and via the substrates connected
with driver and control circuits (13) for driving and addressing, said driving
and control circuits (13) being integrated in the substrate (1) or the substrates

25 (1;3) and realized in a semiconductor technology compatible with the substrate
material.

20. A read-only memory comprising two or more read-only memories
according to claims 1-18, characterized in that the read-only memory is
stacked in horizontal layers (15) in order to provide a volumetric memory

30 device, that the volumetric memory device is provided on a substrate (1) of
semiconductor material or between substrates (1;3) of semiconductor material
and via the substrate or the substrates connected with driver and control
cxrcmts (13) for driving and addressing, said driving and control circuits (13)
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25 | sneak currents, is approximately equal to the diode rectification
ratio in each intérsection, i.e. the relation between forward and
backwar dgyd dopaahédg current at a given bias voltage. pcT/NO9s/odgEst her_
basic problemw th passive matrix nmenor2ks as exenplified in fig. 1

wherein the continuous nmaterial layer with finite resistance extends in the
30 intervals between the intersections of the electrode matrix, is that

currents being integratedwith thersubstrate:(l) of the substrates {t13)iandereabizeddn aray
fl ow bet ersw"i’th als. Even if
t he pat h {oﬂﬂi"lﬁtotrhtggléﬁbﬁw |R% erval's vmd\ Hgﬁ‘r?uig gﬁélér than which is

t he case |n the i ntersections, i.e in the nenory cell, and the

| ayer between the el ectrode structures are 35 extrenely thin with hi gh
surface resistance, the conbi ned effect of many such current paths is
detrinmental to the neasured i npedance and hence
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f| nally sets an upper limt to the nunber of i ntersections
menmory cells which may be realized in a passive matrix.
ki nd of crosstalk may be avoi.ded by making the film conduct

hi ghl'y ani sotropic, e. with high conductance in the desir ] _
direction 5 A raad-milyanlemnmcunwrewdmmlylmenmg ddvitég. 1 this wll
correspond to high conduct ance perpendicularly to the plane of the

matrix and | ow RhpedsefiCivention concéx‘hstaﬁﬁel%fﬁédﬂ}ph@&%s aﬁ%yg&‘i-vol%tllg
corrp05|t|ons vmth%(i)ro erties of thigs,kind hav

the literature ERRIYs ﬁomélsﬁbﬁ)éﬁ elwtrmllwgﬁdfessable non-vglatélei on
froma pol ymer besd-dnly elemeny, to 1sih ;ufﬁhty'of%éﬂ%?i 2ell §%ﬂ119n in HOwrite

| nganas, I|ed Ph%SI cs Letters 1497 (1996), and el ectrode neans

and devi ces basé’H t MSWHRQ\?E‘%%BWOR d&é’aumtw@&m@qaﬁssafﬁhsmdmlwo
973390 whi ch hammew,wmneﬂly @aéﬁ"ﬁr@ﬁﬁsgﬁéd 6ﬁ@|dfft€%t or more logic s?it@ét ing

the x and y" ol cBrrORILE 3 8 deferting infofpcoh veuleh tn the mftnery deitaes Pemmencaiy,

15  filmw th wiriften ecstcn'eddata;mnd assive triamxrtifﬁé‘léﬂﬁridaQ%n&ﬁctbP@for the
dp a_co osj tion of

el'ectrodes, dat fddre 5sing gﬁf%?llﬁ thg passwgeqlg\%téwaﬁj gaggcqo,q %trgcqggpnsesa a first

electrical isola
i nt er sect i dhs, anud:la sekoad eledtrdde sthutusesiréspeotive mutually spaced apart and

parallel planes and with parallel electrodes in each plane and provided such
that the electrodes form a substantially orthogonal x,y matrix wherein the
electrodes in the first electrode structure comprise the columns of the matrix
or x electrodes and the electrodes in the second electrode structure comprise

15 the rows of the matrix or y electrodes, wherein at least a portion of the
volume between the intersection of an x electrode and a y electrode defines a
memory cell in the read-only memory, wherein the mutually overlapping
portions of the x electrode and the y electrode in the memory cell, each
defines a contact area in the memory cell, wherein at least one semiconductor

20 material is provided between the electrode structures and with rectifying
properties in relation to a selected electrical conducting electrode material,
and an electrical isolating material, wherein the semiconductor material in
electrical contact with an electrode in the memory cell forms a diode junction
in the interface between semiconductor material and electrode material,

25 wherein a first logic state of a memory cell in the read-only memory is
formed by an active portion of the semiconductor material covering the
whole contact area in the memory cell, the diode junction comprising the
whole contact area of the memory cell, wherein a second logic state in a
selected memory cell in the read-only memory is formed by at least one

30 electrode structure in the memory cell being covered by the isolating
material, and wherein a logic state in each case is given by the impedance
value of the memory cell, said impedance value substantially being given by
one or more of the following factors: the impedance characteristics of the
semiconductor material, the impedance characteristics of the isolating

35  material, and the impedance characteristic of the diode junction
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detail in connection with fig. 3a. If suech.selected.intersections ar’e_'_gl ven

an : i nfinite resistance, each intersegtion or each n”em)-'rxic?al I'_ p'an”’
.be binary 20 coded, for instance with a forward bias volt'agé whic
either gives logical 1 . as R=Rerr], where Rerr] is the effective

forwards bias rEh¢ shwentiorpilsdlvonderdea read-only menioty devidecwhesh comprizes one
logic 0 as R zéfel{n%é Wn(gre an infinite r&sista@%e on lpurpos i have
been inserted i i 'ngﬂemﬂﬂ%a&ﬁéﬁ 15 10 Wedpygu le%p%ﬂ,‘f?);e@\ﬁ'loln Ye
obt ai ned by usimgmoryaleyéce whitdecorhprises svantanord readro imbrﬂo@iescaticuﬁdiﬁﬁt
to 25 severatl t?x{;tf\ g@l stored In each nenory cell, tor instance wt
resi stance O thg Ry Q@err],R[err],R[err] ..... Rlerr]<Rlerr]
<R[err]<Rerr] <[err]. . A first enbodinment of the read-only nenor
accordi ng Po t Hdatryaddressing,af data storageogations ot biti spods antaplaseds arddmpie

fig. 3a-3c. In dnd éfficiest wag o'f%cﬁférvi%%a great nuﬂﬁ%%f%@@e&%‘l%%@m%giu‘:t ure
as shown in th(a1 flqure |,§_kfor d by 03|£|€{19 30 Othdhe X el ectrodes at the
bot t om subst r at'@catieRs Wi %Flwr@r%?if&mﬁﬁyo : eﬁﬂ'él‘_éal dressing liges. In a square
sem conduct i ng Xy iRateix witha tine® id¥peeive BCbotheinCtheGtdirectioh apdhaly direction

D e eSS i oh the AdnRtR Aoy TofRGsABIER BT (PO R O RREEABSS
matrix. 10  Yasig prneiple ighypestMringplesicntéd i allaygd MMBERLE deffefasitt S
with the y el ectrodes 3 4..1,n the same nmanner_apd foy corresppndi.n
purposes. It s ﬁ:&]ﬂ?OCﬁgI $,9f splid state memory means. In these the memorf focatio
comprises a simple electronic circuits which communicates to the outside via
the intersection in the matrix and a memory element, typically a charge
storage device. Even if such means have been technically and commercially
15 very successful, they have a number of disadvantages, and particularly each
memory location has a complex architecture which leads to increased costs
and reduced data storage density. In the large subclass of so-called volatile
memory means the circuits must constantly sustain a current supply with
accompanying heating and consumption of electric power in order to
20 maintain the stored information. On the other hand non-volatile means avoid
this problem, but with the trade-off of a reduced access and switching time as
well as increased consumption and high complexity.

Prior art provides a number of examples of semiconductor-based read-only
memories with electrical addressing in passive matrix. Thus US patent No.
25 4 099 260 (Lynes & al.) discloses a semiconductor-based read-only memory
(ROM) made as a large scale integrated device wherein self-isolating bit line
surface areas of one conduction type are formed in a semiconductor substrate
and directly in a bulk area in the opposite conduction type. Channel stop
areas of the same conduction type as the bulk area are formed in the intervals
30 between the bit line areas. Metallic word lines which lie above and are
orthogonal to the bit line areas, are formed separately from these by means of
an isolating layer. The memory cell comprises a single Schottky diode. A
diode of this kind will be formed or not at each intersection between a word
line and a bit line depending on whether or not an opening is formed in the
35 isolating layer during manufacturing in order to permit the word line to
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AMENDED SHEET. . 11 . that the x-électrodes 2 and the Y fa 3
el ectrodes 4 may be-used for forning for 3 i nstance bit [ires ands e
word lines in the read-only nenory according to the i hvéhtion’ Both
substrates 1;3 with circuits and el ectrodes 2;4 are processed by

means of standargbmeds£li gHtlp tdopel poifioh OFithe b@ﬂﬁnétArm@MQ{fthkalhﬁﬂ% s'Pa&ed to
5 usedacrytallln em caond ctor fer I nst ance Qf silicon,
substrate. aveA'} f‘@\aﬁaﬁr%’ 1gh spged.clow EBWeﬁéi}ss(!Bﬁé‘i’%PD floynﬁﬂséhous
si'licon or sem conducting organic materials on rigid or flexible

supports (backplEurther there are fromnUS pasentoNiong 000:P13n{Bangevde Mokierpkrowh a
the substrates He¢iQ wifH serticOnfifictor elements, such as Schottky diodes and transistors
5 integrated in the form of a matrix on chips. The matrix may be custom
designed in order to provide a desired function. For instance it may be used
as AND or OR matrices in programmable logic arrays (PLA) or as read-only
memories which are stated to have better properties with regard to storage
density and power dissipation. A first electrode structure with parallel metal
10 electrodes of somewhat different design is provided on a semiconductor
substrate of for instance the p type. An oxide layer is provided on a
semiconductor substrate and openings are formed in the oxide layer to
provide anode contacts and cathode contacts via metallic lines which
constitute a first metal level in the electrode matrix. Two n* areas are located
15 under the cathode contacts. These areas extend to underlying collector layers
such that a Schottky diode is formed. Above the first metal level or electrode
level an isolating layer is provided and over this a second metal level which
comprises for instance an orthogonal second electrode structure. Openings
through the isolating layer ensure contact with a cathode contact in a group
20 of such which are included in the separate element in the matrix.

Finally there are from US patent no. 5 272 370 (French) known a thin-film
ROM device based on a matrix of open and closed memory cells formed in a
stack of thin films on glass or another substrate. Each closed memory cell
comprises a thin-film diode and it may by using stacks of semiconductor

25 films, for instance of hydrogenated amorphous silicon, wherein the separate
films are of different conduction types, be obtained diodes with different
conduction characteristics. Thereby the information content in the ROM
matrix may be increased. Each memory element which is formed with diode
structure, may then be set with different logic levels according to some

30 manufacturing protocol. Where the memory element does not have a diode
structure or where the semiconductors are covered by an isolating layer such
that no electrode contact is formed, the memory element may be used to form
a determined first logic level, for instance logical 0.

Even though the above-mentioned prior-art devices all realize electrical
35 addressing in passive matrix in an as per se known manner by providing

AMENDED SHger



coded such that the resulting read-only nenory recei ves t he de5| r’ed al(} ~ﬂ;

i nformation content. Advant ageously this is gone by pI’OVI di ng | odali zeda o
isolator or resistor filnms 6 in the formof patches 7 over the €l ect rodes’
2;4 on one of the substrates 1;3, such that they will be positioned

in the intersecy; d
ot or i al o op Ch&lorﬁg Jggﬁ}rlrgrrl]s upéldé’é&'éléé?rdﬁeeécﬁﬁhéﬁ ﬁx@“l‘i’aﬁ: aﬁiye&ﬁé Rﬂﬁsmg

t ec noI 0
used and | i kew didTexent txm\&f] SFEBHM%PE%& %latlvgfy ﬁllg §e1af, ﬁ%ﬂ?ﬂgxrw In

adj ust ment . Oveghet ROM HevideOds @REIREE iR Mhé MstiRehGbREd Bﬁbﬁb@ﬁoﬂ (US patent @
gl obal sem cond nce d osl ted suc

r s now for ins
infig. 3b (t h §§%ﬁ&3d&§t% OWeYer,dg ROSH etfi‘?este mase t %FWPJOEWEF\AEES
flromt | 5 flmthaahatrmlmh tﬁisrpfes 4 S'u}éefdtﬂdfffe@elsh diddejtyipes ?@@hunw the
el ectrode e.el ectrode structure or | nce
The'y ol ect r odeievsral Igyert of fisfeient doped efipbRdiiStaitcinertit snof bl Todeer
material in theguactiohr ode structure nmay be such that where the
exposed portions of the electrode structures physically contact the

sem conduct or ”Pﬁé’bgféot of¥hé b?élﬁﬁﬁg 1ﬁw}H?ﬁfdn8f§5hence primeri af 't&gﬁohﬁ@catfe%sorﬁ&e

spont aneously for sem conduct or
suitable r ect i fmemery o8 RBM whieh permits glentrigal ad@@ssm@ ingpassivesmatrix tathe

with |ow [ nmust
be such t hat oﬁrreﬁ té Cdgﬁltn‘éry cell in tlE’é AERESh I methdry hd Whid 85e£h6t ndd
refreshment in order to keep the data stored in the memory cell, while the
read-only memory shall be simply and cheaply realized using as per se known
technologies and methods as applied in the semiconductor and thin-film

technology.

15 Particularly it is the object of the present invention to provide a non-volatile
read-only memory based on the use of organic materials, for instance
polymer materials, which realized in thin-film technology may be used both
in conductors, isolators and semiconductor materials, something which
supposedly shall provide more flexible technical solutions and especially a

20 much reduced cost than would be the case when using crystalline inorganic
semiconductors.

Further it is also an object to provide a read-only memory which allows a
multilevel coding of predetermined memory cells or memory locations.

Finally it is the object of the present invention to provide a read-only memory
25 which may be used to realize a volumetric read-only memory device.

These and other objects and advantages are achieved according to the
invention with a read-only memory which is characterized in that one or more
additional logic states in 2 memory cell in the read-only memory is formed by

_ an active portion of the semiconductor material covering only a part of the

30  contact area and/or that the diode junction only comprises a part of the
contact area, such that the data which are stored in the memory may be
represented by the logic states in a multi-valued code, and that said one or
more additional logic states are given by impedance values determined by the
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material of the electrode structures is obtai ned. As" seni conduct or° jrat gr-ial_ oo
may for instance conjugated pol yners of elthej t he PPV-.or, t.hi ophene | %233 aas
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famlies be suitable. Alternatively anorphous silicon or,',,> o _
pol ycrystalline silicon may be 30 used together with an ani sotropl o

conducting thinektdnFion ofties héty R{drﬁbf the semlcon-ﬁlil%t&%h&r&p] Fat 2

t he manufacture r Lres reci ust nent _when
patches 7 is def$ gqq'{sggp Sﬁ?lﬂfﬁBa’glonéﬁFGG@ ch anca whiich foraps ﬂwdlodejunctlon

however , easily be inplemented with a direct extension of manufacturing
processes for adt fivst readearily snemoty déeiceracderdingrtocths in@mtbe isdelratterizedof

i thout - any, ki nif Sy ETeas SHEY gtndey iy brofRitR o p suBowdl of WiniSuRiiaTer

wi t hout any_Kkin
12 e pmaledalior hetyren swmtretest ¢fagemiceniduotortmatepial ahd 5/i7 the e

ngﬁlt ?gs' 2 }nhg substrates cOhREHER Wit arivel YHE LohliRd] Fikuits 4UF dRivikig auges: Thi's

addressmg, said driving and control circuits being integrated in the substrate
or the substrates and realized in a semiconductor technology compatible with
the substrate material; and a second read-only memory device according to

10 the invention is characterized in that the read-only memory is stacked in
horizontal layers in order to provide a volumetric memory device, that the
volumetric memory device is provided on a substrate of semiconductor
material or between substrates of semiconductor material and via the
substrate or the substrates connected with driver and control circuits for

15 driving and addressing, said driving and control circuits being integrated
with the substrate or the substrates and realized in a semiconductor
technology compatible with the substrate material.

Wherein the read-only memory according to the invention constitutes a
binary logic memory, it is advantageous that the first logic state which either

20 represents a logical 0 or a logical 1, is given by the effective forward bias
resistance of a diode formed in a memory cell wherein the semiconductor
material contacts both the x electrode and the y electrode, and that a second
or additional logic states which correspondingly represents either a logical 1
or a logical 0 is given by a selected resistance value for the isolating material

25 provided in a memory cell wherein the semiconducting material at most
contacts either the x electrode or the y electrode, said isolating material in a
memory cell preferably having an infinite resistance value.

Wherein the read-only memory according to the invention is realized as a
multilevel logic memory with one or more additional logic states, it is

30 advantageous that the first logic state is given by the effective forward bias
resistance of a diode formed in a memory cell wherein the semiconductor
material contacts both the x and y electrodes and that the additional logic
states are given by determined resistance values for the isolating material
provided in a memory cell wherein the semiconductor material at most

35 contacts either the x electrode or the y electrode and the selected determined
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obtain a mul til ?é’(ﬁhmg%é‘&rﬁl‘ﬁhsél?@fed memory %HB i B?&ﬁ'&%ﬁ He'?ﬁe@i?@l?é ¥le§?x'(§§de5

in an intersection no 1 SO been provi
may represeht asiroghuss b thifora pf atmaratgéamrhlmmiatwtch which wholly or

stored in menoryaaey k%vmecft%ékt'o'ifé'@ﬂl%% 8¢teHESs i tHe Mmo %eﬂeﬁ%’élelrc‘te@r

15 made of termals erent resistance values are used

purely binary memoryceﬂmlspwiem graciivenartion At the semigpn 'é?toﬁé@%tﬁgél

will of course Bfdldiahe diode jlrRiRn ﬂ'dlﬂbf HRY cbhfiet akéa frtHeldaerichse hdduibingea
resi stance. A p rtlcularllxl gferrﬁ wod t.0, obtaln bi nary codi ng
in the enbodi metREEIHIE W cp,c:é).rrespon Stayg lev ¢ myliigvaluedicod§ssed bel ow

in connection with figs. 5a and 5b. If the 20 i sol ator patches 7 have
t he sane tHl cknéfthe ishiaterpaichridsaid firstagmbodiment wholly or partli®eversnotkygone

3¢ be provided Betyeenctidtes! he'deRflESnductdr MHtBribl Hay' B¥YrdVifed between the
electrode structures in a global layer and besides over the isolator patch in
the selected memory cells. If the isolator patch wholly or partly covers both
electrodes, the semiconductor material may preferably be provided between
15 the electrode structures and adjacent to the isolator patches in the selected
memory cells, such that semiconductor material and the isolator patches
mutually flush in a common continuous layer.

In a second embodiment of the read-only memory according to the invention
the isolating layer is provided between the electrode structures in the form of
20 a substantially global layer which covers at least one of the electrode
structures and with removed portions in selected memory cells, such that
removed portion wholly or partly exposes the electrodes in a selected
memory cell, said memory cell dependent on the active portion of the
semiconductor material and/or the diode junction part of the contact area in
25 the latter case acquiring a logic state which corresponds to a level in a multi-

valued code.

If the isolating layer in said second embodiment covers only one of the
electrode structures, the semiconductor material may preferably be provided
between the electrode structures and over the isolating layer in a global layer
30 and besides contact the electrode structures in the removed portions of the
- isolation layer. If the isolating layer covers both the electrode structures, the
semiconductor material may preferably be provided only between the
electrode structures and adjacent to the isolation layer in the selected memory
“cells, such that the semiconductor material and the isolating layer mutually
35 flush in a common continuous layer. Finally, it is according to the invention
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flush with the surface of the isolator patches 7. Thi's ‘may ent-ail, fyrther
advantages with regard to elimnate and redyce stray curremts and sfray’, .2
capacitances. In the variant enbodinent in fig. 3b stray.capacitdneds may>
25 arise or stray currents may flow to the sem conductor bulk materi al

9. This raely antageeus thattthe kit ovdwriobinaterialiseamerpoak Pt en,
.material, the conducti.on

sem conduct or a conduct or

direction of vvhi’é)wI @P%%ge 5@%@? QF an Grgani¢ semicondyctor, Séi‘fefﬁf{%s |,
however, the sesemiconducior praferably beirfg asbnjugated polymet.he surface of the
|solator patch 7 as shown in fig. 3c, which is expedlent 30 when t he

i sol ator pat cheq didygind'® t’n@ﬁﬁvéx‘iﬁ@‘f'ﬂ?@% jdonddicsd rpcﬂtqﬁ‘%ﬁetaﬁeamsoﬁr?glc

e sem conduct or enera

I trod t
e serrote n%&gc ﬁﬁéﬁuﬁwnﬂ@‘?feraiif&‘ the semicondustor mategial rpay ﬁﬁmlsélmm‘?eﬂ’lanot
need to be one¥eirH06ndRit6r @destab %ﬂso‘ﬁé‘ AR PSS LSSt WithUid sr&:&lczH

si mul taneously are y reduced. The di ode junction between

t r.ong
seni conduct or nﬁ?@ﬁi\’glm%\mﬁ%gl one of the electrode structures wll, of
course, sinultaneously be maintained and reduce or elimnate the

danger for sneaRreferablyithe semicondusitermateréal, the isodating materdal and the
electrode structures are realized as thin films.

10 The background of the invention and various examples of its embodiment
shall now be discussed in more detail in the following with the reference to

the accompanying drawing.

Fig. 1 shows schematically a general embodiment of a memory device with a
passive electrode matrix provided between backplanes or substrates,

15 fig. 2 schematic examples of sneak current loops which may arise in a matrix
of this kind,

fig. 3a a first embodiment of a read-only memory according to the invention
and seen in plan view,

fig. 3b a section through the read-only memory in fig. 3a taken along the line
20 A-A in a first variant of this embodiment,

fig. 3¢ a section through the read-only memory in fig. 3a taken along the line
A-A in a second variant of this embodiment,

fig. 4a a second embodiment of the read-only memory according to the
invention seen in plan view,

25 fig. 4b a section through the read-only memory in fig. 4a taken along the line
A-A in a first variant of this embodiment,

fig. 4¢ a section through the read-only memory in fig. 4a taken along the line
A-A in a second variant of this embodiment

fig. 5a an example of multilevel coding of a memory cell in the embodiment
30 in fig. 3a,

*
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13 Fig. 4a‘and 4b show respectively §n plan view and r‘.n.,se’.ctl on,; *,.a
t aken al ong the line AAAin fig. 4a another enbodi ment:ofsthe .,* ,,°
read-only menory accordin to the invention (the sem conduct or

|l ayer 9 al so herfig.dBh atsection thnouigh.theé ademory cell in Fig ﬁakbnmﬂmgthwﬁhar%sé

are as before deposited on respective bottom and top 5 substrates

but an isolati nQﬁ%.&S’a?&n éxhﬁtpl‘@&f AR RVet So8iY of Q‘?nth‘éﬁ}e E:ngggﬁ éﬁe embodimenf'

and between the.electyode siructures and over one of t
substantial ly gIIBlfﬂ' %yer, but with renpved portions 8 in predeternined
intersections for the purpose of formng therein nmenory cells 5 which store
ot her |ogical viigidd aseetion throughitbe memeryi e¢ll én fiy. Ga taken iatormefirsiineB-B10
over the top of the isolating |layer 6, see fig. 4b, will of course only

cont act 5 Bl7 gkeciomidiewthfdugles firSt #ad-68FOMRhdY devidSa& Rlling to

Wi ndows™ 1n th(?he invention, and

fig. 8 a sectional view through a second read-only memory device according
to the invention.

The general background of the invention shall now be discussed more

10 closely. A generic matrix addressing system is shown in fig. 1, wherein for
instance m electrical conducting lines 2 are mutually spaced apart and
extend in a x direction and with for instance n overlying electrical lines 4
which extend in a y direction and respectively form first and second electrode
structures in an orthogonal x,y electrode matrix. The x electrodes 2 and the y

15 electrodes 4 are provided sufficiently close to each other such that
geometrically well-defined overlapping areas or intersections between the
electrodes are provided. The volume near and between each intersection,
coarsely defined by the overlapping area which is given by the width of the
intersecting x electrodes and the y electrodes in these intersections,

20 comprises what in the following will be denoted as a memory cell 5, see fig.
2. The mutually overlapping areas of respectively the x and the y electrodes
2;4, in a memory cell 5 will be denoted as the contact area of the memory
cell. According to the invention data is stored in each memory cell as
impedance values, for instance resistance values between the x and the y

25 electrode in each intersection. The logic state in each intersection or memory
location is found by measuring electrical impedance between the x electrode
and the y electrode which intersect each other in the memory cell.

Distinct from common known current-addressed and matrix-based memory
systems the present invention allows the use of a purely passive electrical

30 addressing, as there are no discrete active circuit elements in the memory
cells. It is well-known that the use of electronic memories with memory cells
in passive matrix is encumbered with alternative current paths or sneak
current paths in the electrode matrix. This problem is indicated in fig. 2
where alternative current paths generated by addressing the memory cell 5
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i solating layer 6, such that the nenory cells 5 at.. theée rermved*portlons =‘°

LN NI

for i nstance may store a binary |ogic8l ‘val e :0, whrle ¢ he [TERDI Y- s oo
cells 5 wherein one of the electrode sttuctures i's coveEredby thes" ee
isolating layer 6, stores a 15 binary logical value 1. Simlarly to the

enbodi nent showgiven by the Buérsaction between ﬂadectredesmkc ondre indicatederyi al 9
may be provi dedpﬁﬂ.g& ft'i‘l%heﬁ glrie§ t lth'éﬂe yring men d??éieglrgl Wﬁé}fgtﬂeﬁ:gé ofthe

L.e. it wll ocate here E
w ndows with thmaé!msylaenfémpr@du@t mmaqrages,t esdh¢ sneak burrenit problencalso

220 S Moarc ﬁsﬁﬂe"%’lﬁg: Ffatr‘e‘ééfr'sféf??f Sl A caChHerorlUH fidd £ purely SRRRvES
enbodi nent 5 impedancedhivimplicaies that the yesistanoendiffersncesdncowpite sipeation

gﬁggts;tnlt I”g I of évgéll be maﬁ&ﬁpﬁj‘ egﬁ'énf%”whﬂﬂ’n I%Hﬁsthic‘id?ﬁﬁ &11% : g%i/éﬁgr&t paths, such
or W ndows and %mdé 3 ggfﬂaﬂy%g&“‘ae chigal connectlogémeeshanwwtmwérglgen

while the y el eshiglly moﬁ-hﬁeﬂ%ﬁﬁéﬂteﬁbl@% dslfarh@tér%ﬁc thes.lcriﬂb%ﬂd c’ﬁr?ex?t .problem
whereafter the to sub tra“i ?[ epg éted e es

i solating | ayermB e?@ﬁ? H‘(]]E’c [yrelpxgyy} €9. Quite; -%mpim thistis aﬁh?é’ﬁdv%ﬂcﬂﬂ
structure]0An aguanéewhick lstélﬁeaﬂj’méllrlﬁiﬁwﬁ AAdsugBested- m‘iﬁe‘é?b da?nél?fbty the
seni conduct or does.not need. o0 an .ani sotraﬂiihsemc nduct or

si mul t aneous! y BV ﬁ}ng&;eé: “&fﬁo fda SeHgs Math the, Impedangerer resistaresin ons
30 bet ween tdaehdhesmrsectitas substantially will be conpletely elimnated.

I n

An essential goal of the present invention is forming a network of diodes of
this kind in a manner which simple, cheap, reliable and which simultaneously

15 allows the use of suitable memory structures in the form of controllable
impedances. According to the present invention the x and the y electrodes
may preferably surround a layer of semiconducting material, for instance in
thin-film configuration. Particularly this semiconducting material may
advantageously be a conjugated polymer of the tiophene or PPV-type. By

20 choosing a suitable electrode material with regard to the semiconducting
material, a diode junction is obtained at the electrode-semiconductor
interface and the diode may be given very good rectifying properties. A
simple linearized analysis shows that the number of electrode intersections,
i.e. memory cells which may be addressed without distortion or noise due to

25 sneak currents, is approximately equal to the diode rectification ratio in each
intersection, i.c. the relation between forward and backwards flowing current
at a given bias voltage.

Another basic problem with passive matrix memories as exemplified in fig. 1
wherein the continuous material layer with finite resistance extends in the

30 intervals between the intersections of the electrode matrix, is that currents
even with perfect rectification in each intersection may flow between the
electrode lines 2, 4 in these intervals. Even if the path length in these
intervals will be much longer than which is the case in the intersections, i.e.
in the memory cell, and the layer between the electrode structures are

35 extremely thin with high surface resistance, the combined effect of many
such current paths is detrimental to the measured impedance and hence
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addi tion sneak currents through the diode Junétlons arﬂe reducerd as cuwent
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14
may be htghiy eaisdtrdpicpi.eitwithrhigh @bntihetammin hhe idesized eatrehodirection
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4a-c | ogi ca
this w ?I be exp@@duﬁdnemperpendlculaniymeheyplanetdnétlfeamhm agdlbtwhcomiuetaroee

to figs. 6a andifithe matrix plane. Polymer compositions with properties of this kind have
been described in the literature, for instance in the paper “White light
emission from a polymer blend light emitting diode” of M. Granstrom and O.
10 Inganids, Applied Physics Letters 68, 2:147-149 (1996), and electrode means
and devices based thereon have been disclosed in NO patent application No.
973390 which has been assigned to the present applicant.

..UJ

Starting with an as per se known basic structure as shown in fig. 1 wherein
the x and y electrodes 2;4 are provided on each side of an anisotropic thin

15 film with high rectification ratio in the intersections of the electrodes, data
may be coded by a controlled deposition of an electrical isolating material
between diodes in selected intersections, such this will be discussed in more
detail in connection with fig. 3a. If such selected intersections are given an
infinite resistance, each intersection or each memory cell can be binary

20 coded, for instance with a forward bias voltage which either gives logical 1
as R = Ry, where Ry is the effective forwards bias resistance of the diode in
this intersection, or logic 0 as R = «, where an infinite resistance on purpose
have been inserted in the intersection. Higher data storage capacity will be
obtained by using a larger range of resistance values, which is equivalent to

25 several bits being stored in each memory cell, for mstance with resistance
values Ry, Ry, R3,..., RF<R; <Ry <R3 < 0.

A first embodiment of the read-only memory according to the invention shall
now be described with reference to fig. 3a-3c. In this case the as per se
known the generic structure as shown in the figure is formed by depositing
30  the x electrodes at the bottom substrate 1 or backplane which may be made of
a semiconducting 2 material and comprises active circuits for signal
processing, routing and logic manipulation integrated with the x electrodes 2
which here form a first electrode structure in the electrode matrix.
Correspondingly a top substrate 3 may integrate circuits with the y electrodes

35 4 in the same manner and for corresponding purposes. It shall be understood
[
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Figs. 5a and 5b show in plan view and in section a. rrerrbry celt:in tvhe s s
enmbodi ment of t'he read-only menory as shown ik fig: 3a and®3c.; ' The 2 2 sol’ator n

patch 7 which codes the nenory cell 5 is here realized such that it 35 3a2°
i sol at es only a part. of the contact area in each nenory cell, in
contrast with tfat the x e@ﬁﬂ‘@dﬁﬁ@rﬂndsﬁhsv}hehﬁtmdgs 43may hecuseds for forming fer t he

I h e
sent conducs or ng‘t‘%?‘?%@b?;"%fs and woRf I8¢ if 10 Retonf fitmicry dSRobBing® 8
above the isol aiRYeTHiQR ot aﬁ\’@sﬁ'ﬁt%elf 3with circuitsang elgetrpdes 214are processasd

bet ween one of bbremeduﬁf:bf ﬂdﬁﬂaﬁ se’inicBnHﬁ@to?‘%EEﬁxYologles andRlthay f&“ﬂlswf‘ce be.

duct or mate i al pde ,j unct r |nstance
orbodmant T { Bed SiFrpetal ik s ROnAR O HALE R B8tance o Silican, as substrate.

sen conduct or | Altamaﬁvélyl,lslie .wli‘cbntrh@y béﬁél@i @f aﬁﬁiqpﬁ@ﬁs iljoR otsed, as in

of .course b ced. to
I Ihgt part whi chSéﬁ:ﬁl?c0 rﬁﬁ%yngoqrggg\p;rpgﬁrws Pﬂenglgoq’%ﬂ@“béﬁtsﬁﬂp?ﬂs %b@-ﬁ(plianes)
ef fecti ve conduln arfotlowdng séep inay now eltheﬁbﬂetdfethblshbsﬂrﬂm@amf& Hoth 20 be

t | ayers, or
ani sotropt o sencegsdBhgttinat the résUfing Read;oRY BleHO feeiyed e eStrst act
area whi chl0 n finfermstioniontent! Advanthgeouslyathipiy dowé by iproviding loedlégddr ode

contact area vhi oSSt Eésifor i §% MEFomEbf pafenes™ ﬁx%ﬁeﬁé%ﬁa%q Bifon

defines an actioQre pﬁltg¢ substrateh &; 3sfsnchcbhmhﬁmyrwﬂlabm@mlﬁmdeimﬂiermmseéhorﬂ.
between an X electrode and a y electrode. Materials which are common in the
solid state technology may be used and likewise well-known technologies for

15 depositing and adjustment. Over the isolator patches on the resistor patches 7
a global semiconductor layer 9 is now for instance deposited such as shown
in fig. 3b (the semiconductor layer 9 is for the sake of clarity deleted from
fig. 3a), which simultaneously forms a diode junction with the electrode
material in one of the electrode structures, for instance the y electrodes 2.

20 The chosen semiconductor material and the chosen material in the electrode
structure may be such that where the exposed portions of the electrode
structures physically contact the semiconductor material, rectifying junctions
or diode junctions are spontaneously formed.

The semiconductor material used must have suitable rectifying and
25 conducting properties, while it is desirable with low bulk cost, simple
processing, a long lifetime etc. and must be such that optimal contact to the
material of the electrode structures is obtained. As semiconductor material
may for instance conjugated polymers of either the PPV or thiophene families
be suitable. Alternatively amorphous silicon or polycrystalline silicon may be
30 used together with an anisotropic conducting thin film of plastic material.

The basic procedure of the manufacture requires a precision adjustment when
the isolator patches 7 is deposited on the electrodes 2;4. This step may,
however, easily be implemented with a direct extension of manufacturing
processes for active circuits with electrode matrices. Global deposition of

35 semiconductor film 9 such as it is shown in fig. 3b, may be performed
without any kind of precision adjustment. The y electrode 4 must, however
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25 By using isolator patches of different si ze fors eodl ng thes h‘énnr){

.cells, it may in this manner swtablyme stored dat a i N> asmi td 3’,,:

val ue code. A coding of the nenory cells 5 in the embedl et |n,, s’

figs. 4a-4c takes place in inverse analogy with the method shown in

figs. 5a and 5bbeafn'omﬂredmslmh manner that tlséisedaton ﬁai@les%ard hEaﬁafh ﬁnﬁieon of
LS i C

0 1 oS, OT 8RRl ERY R BB kb P igh Friff ) |

determnes the €
the variant in ppgltmung@cg@my the sb&ehéheimtquctmns iave ppavidedf In timt

contact area. TB?nﬁ@éﬁ(&Pﬂ%‘ﬂé)éS% Qﬂeni‘??#‘@gﬁﬁ encﬂgﬁﬁfgg&?ﬂlcgéﬁpﬁ{&r

instance the x electr
i npedance 9 circuits baged stﬁrgmcaenycondu@prs,:Qpamarpheusvsrliconha reducti on

in the effecti Veoﬁélnat?&%ﬁiﬂi thith FAnPO sOMidRACES O mdrifiad bt podsitiited

n the |solat|n a
I15 ? %3/ #%ﬁémeamhr@he@mtéveeaqmewdfbydtsmgmonatrmpamta may

be stored i n t hgubstrates of crystalline silicon. In the embodiment in fig. 3a the resistance

values of the isolator patches 7 may be varied by using different isolating

10 materials, possibly by varying the thickness or the form of the isolator
patches. It is hence very well possible to obtain a multilevel coding such that
for instance the memory cell 5 in an intersection wherein no isolator patch 7
has been provided, may represent a logical 0 while further logical values may
be stored in memory cells wherein isolator patches with varying geometry or

15 made of materials with different resistance values are used. In a purely binary
coding the impedance values of all isolator patches will of course be the
same. They may then all be made with infinite resistance. A particularly
preferred method to obtain binary coding in the embodiment shown in fig.
3a-c shall also be discussed below in connection with figs. Sa and 5b. If the

20 isolator patches 7 have the same thickness, the semiconductor layer 9 may as
shown in fig. 3¢ be provided between the electrodes 2, 4 such that they are
flush with the surface of the isolator patches 7. This may entail further
advantages with regard to eliminate and reduce stray currents and stray
capacitances. In the variant embodiment in fig. 3b stray capacitances may

25 arise or stray currents may flow to the semiconductor bulk material 9. This
may, however, be eliminated by using an anisotropic semiconductor as the
semiconductor material, the conduction direction of which extends between
the electrode structures. If, however, the semiconductor layer 9 is flush with
the surface of the isolator patch 7 as shown in fig. 3¢, which is expedient

30  when the isolator patches have the same thickness, the distance between the
electrode structures may be reduced and the semiconductor layer generally be
made much thinner, such that the semiconductor material does not need to be
anisotropic conducting, while possible bulk currents simultaneously are
strongly reduced. The diode junction between the semiconductor material and

35 one of the electrode structures will, of course, simultaneously be maintained
and reduce or eliminate the danger for sneak currents via the electrode
structures.
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isolating layer 6, such that the memory cells 5 at these removed portions for
instance may store a binary logical value 0, while the memory cells 5 wherein
one of the electrode structures is covered by the isolating layer 6, stores a

15 binary logical value 1. Similarly to the embodiment shown in fig. 3a, also
here the semiconductor material 9 may be provided such that it is flush with
the isolating layer 6, i.e. it will only be located in the removed portions 8 or
the windows with the above-mentioned advantages resulting therefrom, such
this is disclosed in fig. 4c, where the semiconductor material is shown as a

20 "patch" 10 over an electrode 2. The manufacturing step for the embodiment
in fig. 4a-c may shortly be summed up as comprising depositing of x
electrodes on the substrate 1, applying a substantial global isolating layer 6
coded with removed portions 8 or windows and thereabove applying a global
semiconductor layer 9, while the y electrodes 4 is deposited on the top

25 substrate 3, whereafter the top substrates 1,3 with deposited electrodes 2, 4
isolating layer 6 and semiconductor layer 9 are joined into a sandwich
structure. An advantage of the embodiment shown in fig. 4a-4b, is that the
semiconductor does not need to be an anisotropic semiconductor, while
simultaneously stray currents and sneak currents outside the intersections

30 between the electrodes substantially will be completely eliminated. In
addition sneak currents through the diode junctions are reduced, as current
only will flow where a window is located in the isolating layer. A restriction
to the use of binary coding only makes it possible to increase the data storage
density by reducing the horizontal distance between the electrodes in each

35 electrode structure, such that area density of the memory cells increases.
Typically the sneak current background will be halved in a binary coding
scheme with one half zeros and one half ones, and this will allow that the
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enbodi ment with _four_ read-only nenories . ROM provided for_instance on
a silicon subst Fage a and Abishowyinaplen viewand imsection a memary e¢ll éntheits 13
s shown in f'gen'zbodiﬂx%h%?tﬂé bl g ag%%vﬂpixyrllgysaan Ty HeERoldiof

pl anar configuratlc:)hn t eﬁ mayra so be stacked vertica I'n .l.ayers,
such as is showiateh 1 vghick codes the:memoryirelk e is berritralizedsughithat it igolates

only a part of the contact area in each memory cell, in contrast with the

10 embodiment shown in fig. 3a, where for instance the isolator patch 7 isolates
the whole contact area 11. As before the semiconductor material 9 is
provided between the electrodes 2, 4 above the isolator patch 7 and as before
a diode junction is formed between one of the electrodes 2, 4 in the memory
cell 5 and the semiconductor material 9. The diode junction may for instance

15 in the embodiment in fig. 3b be identical with the contact area 11, but if
semiconductor layers 9 flush with the isolator patches 7 are used, as in fig.
3c, the area of the diode junction will of course be reduced to that part which
is not covered by the isolator patch 7. The effective conductor cross section
and the bulk impedance in the semiconductor material will in thin

20 semiconductor layers or anisotropic semiconductor layers depend on the
effective contact area which in figs. Sa, 5b is limited to that part of the
electrode 2, 4 which is not covered by the isolator patch 7. This effective
contact area which may be different from the area of the diode junction,
defines an active portion in the semiconductor between the electrodes 2, 4.

25 By using isolator patches of different size for coding the memory cells, it
may in this manner suitably be stored data in a multi value code.

A coding of the memory cells 5 in the embodiment in figs. 4a-4c takes place
in inverse analogy with the method shown in figs. 5a and 5b, as now it is, as
shown in fig. 5a, the extension of the removed portions 7 or windows in the
30 isolating layer 6 which determines the effective contact area in the memory
cell 5 and if the variant in fig. 4c is used, also the diode junction part of the
contact area. The semiconductor material 10 which is provided over for
instance the x electrode 2 in the memory cell 5, hence has its bulk impedance
reduced substantially in correspondence with the reduction in the effective
35  -contact area and by varying the size of the window 8 in the isolating layer 6
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16 . of for instance silicon integrateq, WI th dr| ver and- cont T-ol

.") ]
circuits 13, is used. Along t he side 18dges of: a st acked ﬂeﬁory 233 a0
device of this kind there may be provi ded addre55|ng and i Ver 13° o,
buses 14 and in order to connect the el ectrodes in the respective

el ectrode st ructifirthis magner agd denee theseffretive contast ares data maydbe sterediimi the
control cirecui t%nb o?ylchQWIWtﬁ}?ﬁQéS a lrtfmvélde? ddydi cated in fig.

7. whi ch shows an od| ment w stac ead onl'y nenories ROM

el ig{iﬁﬁ%h“ﬁaﬁre B rbackle i ol ot with e PmuiSialied code
menori es and reqﬂawﬂ greatamtemat&i/on}diso&ﬁﬂﬁf&ﬂidﬂgwhentrh@dlnk&he 1mpeﬂahc9lvalue

coul d advankag I | ard f

standard i n%e Sa % gﬁ)gg%%l %’Vﬂfstgﬁ?% S14PIe Qtﬂ o?r%@t‘@r%n& $negk churents

the read-only numﬁlgmgéh@ nmpddancwvalnad;gndlyewbcmm matual alistapcd between the
electrodes 2, 4 in each electrode structure and hence the memory cells 5 may

be increased or else the multi-valued code may be employed with the
embodiment variants shown in respectively fig. 3¢ and fig. 4c, which easily
10 will allow the memory cells to be located with a great area density and with
maintenance of the discrimination which will be necessary to obtain a
readout of the data stored for instance in a two-bit'code, i.e. with two levels
between the code level given by respectively a complete masking of the
contact area in the memory cell and a complete exposure of the contact area
15 in the memory cell. It is, however, supposed that it will be possible to
increase the number of levels in the code, for instance using three- or four-bit
coding. The latter is represented by sixteen levels and hence the realization
will be a question of dimensions and achievable pitch if the manufacture of
the memory cells takes place with conventional micro-photolithographic

20 methods.

()

It may be expedient to form the semiconductor material from several
semiconductors, for instance provided in layers, such as known in the art, in-
order to obtain special types of diodes, such as also known in the art, or in
order to vary the impedance characteristics. For the same purpose also the

25 semiconductor material may be combined with or added an electrical
conducting material.

One or more read-only memories ROM according to the invention may
advantageously be provided on a semiconductor substrate 1 of for instance
silicon. In this substrate or integrated therewith in a compatible

30 semiconductor technology there may be provided driver and control circuits
13 for the read-only memory. An embodiment with four read-only memories
ROM provided for instance on a silicon substrate 1 with integrated driver and
control circuits 13 is shown in fig. 7. Instead of providing the read-only
memories in a planar configuration, they may also be stacked vertically in

35 layers, such as is shown in fig. 8. Once again the semiconductor substrate 1
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I npl emented in known thin-filmtechnol ogy amd t’he read-vonl y menony’, LT

3
device wi Il integrated with the silicon sub$t1|6a‘te appear as hybrisd Hevi ce; L
In 15 practice it has turned out that read-only menories ae¢ofedihg tq,* ,,
the invention may be .made with a thickness of electrode structures

and menory cel | ©ffordnstance silicomvintegratedwithcdriviet #id canttolcirbuits 13, is 1r1]sed
listically at f e

rea s Lfgseﬁt atAldiEsine! e YREDY 4f & Hc?ceﬁ%emo\x/y devide®sf #ilk £idd gﬁgggxééyﬁe

| ayer and an ar &%0¥id eﬁ%fyqrésmpgmmdrmdmsssdﬁearmslm;dee teicomniechthey 20

codi ng. By usi ngléMPodéy in' e rebhdctivRaciBr aegﬁhbtd}e Wg ﬁfééi@&%d Gt J&t Hc

t he data st rage, density cour se, e correspon I NCr ease

i s sundhe drier; apﬁzq%%ancuu@ ingalicen isebstbatpe@mblsunendncaéed)m fige
menory cel | S 7 whidH/EhéWws aﬁ%ﬁbd&lﬁien@ vﬁﬂi’lgfa‘ékkﬂ '}Gad’jontlﬁ?rﬁ?ﬁef iBIROINSI ty

he pos’s to store sone

in this way may chi eved. ence _
hundred Moyt es |lslez}(,5m \Q@cﬁ ﬁyﬁfﬁ@ % hsplatng dayers dior- dde, foinsity

will, of coursejinstanceesamic. proport ionally with the nunber of stacked
| ayers in a read-onl y nmenory device configured volumetrically.

| mpl emented Wit i, [ C f r ters or
I n decoder_ devi ces rfleﬁa%gfaégl?ﬁtgéf&ﬁ&&ﬂ émﬂfggpgﬁg a%ggg%ﬂggggﬁﬁ 30

picture mal@ri allnYQl'ltWIl POlHdr%b'antag@oslsl}bb@rcahmd;ﬂnogardffermaademplaylbiEmﬁy
standard interfaces as commonly used with personal computers. Il practice

the read-only memory realized in a read-only memory device may be
implemented in known thin-film technology and the read-only memory
device will integrated with the silicon substrate appear as hybrid device. In

15 practice it has turned out that read-only memories according to the invention
may be made with a thickness of electrode structures and memory cells of at
most a few micrometers and with realistically at least two memory cells per
um? with the use of present technology. A read-only memory with one
storage layer and an area of 1 cm? will hence store 25 Mbyte with binary

20 coding. By using two- or four-bit coding, something which seems realistic,
the data storage density may, of course, be correspondingly increased. It is
assumed that it also will be realistic to reduce the size of the memory cells
further such that a quadrupling of the storage density in this way may be
achieved. It will hence be possible to store some hundred Mbytes in each

25 read-only memory and the data storage density will, of course, increase
proportionally with the number of stacked layers in a read-only memory
device configured volumetrically. |

Implemented with standard card interfaces for use in personal computers or
in decoder devices for play-back equipment for reproducing sound and

30 picture material it will hence be possible to employ the read-only memory
according to the invention as data carrier for source material which else
usually is stored on media such as CD-ROM.

Writing to the read-only memory according to the invention, i.e. input and
coding of data, is implemented in and integrated with manufacturing
35 processes. Preferably the read-only memory is manufactured with the use of
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according to the invention as data carrier fb.r source rraterlal Jwtnc-h el se>; »
usual ly is stored on nedia such as CDRO\/I 17 Witiyig to the r'ead @n«iyns
nmenory according to the i nvent [ on i.e. input and - ' codi hy of* *dat azsl See’

i mpl emented in and,i,nte manuf.act ur Cess
Preferably the r"&gla ”ﬁ"ﬁb‘ i}\",l‘ %@é@aﬂéﬂg%ﬁrhqugpﬁmﬁmds Basically
wel | -known thi n-4fl hmtéﬁs:lbmﬁpbe ?ﬁoﬁiﬂ@dﬁhcgl@balt hyeisatd eldwdaectﬁruo?@@s@aﬂd y
all materials ma a_le pr o(i/ ded ?IA{lH | pbal ﬁ’gﬁ’s‘)\n Sﬁng §vCi degPE%thh 213
pat ches and r emﬁ%é Hﬁg‘k
gnd et chi Eg. " Wainidi etghmg‘ "anngheﬁ dawﬂ&nwgkgsplace haoﬂccrd;ﬁ%bbhbmmaﬂés fopr
pat cheg or ni es or
i ndovs of $he. RS S Mdduyli Rk, Y B afd A ERIBRE I RERETEE .
each nmenory cel Iwinslowsr ofthel masioitesiccd?denes vath afdetdrimined tpdotm:pl esaxchl thabe
each memory cell is correctly coded. Processes of this kind may easily be
implemented for manufacturing of large series of read-only memories with
the same source information, for instance program material for music or
10 films.
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i mpl emented for manufacturing of |arge series:of r eagd-onl y menori'és Wi, 2%
the sane source information, for instance prb§ram material for nusscs (o] 2% {0 P98

filns. "18 -is "es”  PATENT,®
CLAI V5 1. An el ectrically addressabl e non-volatile read-only
menory, conprising a plurality of nmenory cells (5) which in a wite
operation conpr PATENT CRUAIMS of the manufacturing process of the
read-only menory, permanently each are 5 assigned one of two or nore

091 st es achor i oh LR AAEAAE BoRS g resc SR ckrd BRI
el ectrical condaqlurality bf megmpoy celie (Sdehicisimg writecopsratipheomprisingpaparityve
electrical condyeimd nfiufactufiRErbEEs JF file'rehdly InSRoR DeérhfilehfYach are
5 assigned one of two or more logic states according to a determined protocol
which in the memory defines permanently written or stored data, and a
passive matrix of electrical conductors (2, 4) for the addressing, wherein the
passive electrical conductor matrix comprises a first and a second electrode
structure in respective mutually spaced apart and parallel planes and with
10 parallel electrodes (2, 4) in each plane and provided such that the electrodes
form a substantially orthogonal x,y matrix wherein the electrodes in the first
electrode structure comprise the columns of the matrix or x electrodes and
the electrodes (4) in the second electrode structure comprise the rows of the
matrix or y electrodes, wherein at least a portion of the volume between the
15 intersection of an x electrode (2) and a y electrode (4) defines a memory cell
(5) in the read-only memory, wherein the mutually overlapping portions of
the x electrode (2) and the y electrode (4) in the memory cell (5), each
defines a contact area (11) in the memory cell (5), wherein at least one
semiconductor material (9) is provided between the electrode structures and
20 with rectifying properties in relation to a selected electrical conducting
electrode material, and an electrical isolating material (6), wherein the
semiconductor material (9) in electrical contact with an electrode (2, 4) in the
memory cell forms a diode junction in the interface between semiconductor
material and electrode material, wherein a first logic state of-a memory cell
25 (5) in the read-only memory is formed by an active portion of the
semiconductor material (9) covering the whole contact area (11) in the
memory cell, the diode junction comprising the whole contact area of the
memory cell, wherein a second logic state in a selected memory cell (5) in
the read-only memory is formed by at least one electrode structure in the
30 memory cell being covered by the isolating material (6), and wherein a logic
state in each case is given by the impedance value of the memory cell (5),
said impedance value substantially being given by one or more of the
following factors: the impedance characteristics of the semiconductor
material, the impedance characteristics of the isolating material, and the
35  impedance characteristic of the diode junction, characterized in that one or
more additional logic states in a memory cell (5) in the read-only memory is
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structure in respective nutually spaced apar,t1 and pa;r al l el pl anes and Wt R7.
10 paral l el électrodes (2, 4) I n each pl an¥’and pro‘en Yred such that~ t’hes ”3
el ect rodes forma substantially orthogonal x:y matrix- wherein the' s’

el ectrodes in the fi electrode structure conprise the col ums of
the matrix or x @mc{ gmasacaw& portion ofithe semigondunter material 69)@@@@mdonly

el ectrode struchywapt 6PHY ddiRadt el QYVF) QEd/bPQhat the dloH@ ﬁﬁéﬁd}{ o é&ﬁgh@@fﬁ

wherein at |east a tion of the Ween I nt er sect.|
an x el ectrode P3it ‘&rf cLop 3é1téE?ar neh i %5138?%?’%@10” in the (5

in the read-onl e rmay%ere dseﬁi%ﬂ tuealol c@itsaﬁéé ﬁpﬂlnﬁ\ﬂtﬂoﬁ’iﬂlhbﬁrb%d%f and
defines o dont ag'{(“% piLOne 9F énmaﬁ et Fiker by ianedhagé vais
seni condur\t or rrdéfterm&iedﬁythesemnyiloﬂasfﬂhetamm pdreionl @pﬁfe(d)si@rluab{ldﬁéwl&es and
20 with rect] ¥in r rfl&esmre%f:ﬁ_l ri se ef% ee?_“ ﬁ&!@
conduct i ng atett c%’&) the £RIenSi0n F|°8§ act apea pehigh the
(6), wherein thdiode junctiemm conductor material (9) in electrical contact
with an el ectrode (2, 4) in the menory cell forns a diode junction

in the interface bet ﬁﬁ
mat eri al , \ﬁger 22|3n a 1}'&’?}%2&1 | ogi c SUl?ﬂcoftdmrgeto SRl % %l}?&% féardogﬁlg
read-only mrf?e@W@ﬁéﬂt%% abinaryilogigmemary, §ha1ta¢§enzed in the Sisstuct or

material (9) cqegid Saté %u\.’l'ﬂEitﬁefobgﬁ-@sfént@hqa ichiD éa lé@cal 1, is %%H%&ythe
cell, the diode ffgcr%lcw}el Por}wca?(q%rl:«!lssll'ersllstance SAP a leSeO (t)ran?et:d in garlngmory cell (5)
wherein the semiconductor material (9) contacts both the x electrode (2) and
the y electrode (4), and that a second or additional logic states which
15 correspondingly represent either a logical 1 or a logical 0 are given by a
selected resistance value for the isolating material (6) provided in a memory
cell (5) wherein the semiconductor material (9) at most contacts either the x

electrode (2) or the y electrode (4).

3. A read-only memory according to claim 2,
20 characterised in that the isolating material (6) in a memory cell has an
infinite resistance value.

4, A read-only memory according to claim 1,
wherein the read-only memory is realized as a multilevel logic memory with
one or more additional logic states, characterized in that the first logic state
25 is given by the effective forward bias resistance of a diode formed in a
memory cell (5) wherein the semiconductor material (9) contacts both the x
and the y electrodes (2,4) and that the additional logic states are given by
determined resistance values for the isolating material (6) provided in a
memory cell (5) wherein the semiconductor material (9) at most contacts
30 either the x electrode (2) or the y electrode (4) and the selected determined
resistance value in each case lies between the effective forward bias
resistance of a memory cell (5) formed with a diode, and infinite.

5. A read-only memory according to claim 1,
characterized in that the isolating material (6) in selected memory cells (5) is
35 provided between the electrode structure in the form of a separate layer-like
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menory cell, wherein a second |ogic state ilﬁ.a sel ected menory qel'k (5) a7y
the read-only nmenory is forned by at | east ;oﬂ el ectrod@ structyrelin timg =-:
30 menory cell being covered by the isol’'ating material (6), ’and wher=ein »s

a logic state in e case i j ven by, the inpedance value of the
ooty cel | (5) istafor PatgRE) Pihacoy,an Ay, GEYEIR G 1535 ope Ot dog elesass
one or nore of YDgt) in the mémbiweeln¢5), aCsedécted iMemoip eeH Hepeiliéntoen tlid atties
of the sem conductar paterjal, the Larclpé@n-c& c&ardgc.ter{istlcs 0 ththe
i Sol ating mat er iPQrtion of the seRuconquctormater of the diode Jpction Partkthe
junction, characoatictadea in thealatteneasy acquiringlagiedditeivinieh dorgsspoatistea
in a mem)ryscell éfg) In tiﬁ ra@ad on@/ menory is
19 forrlr% b‘?%ﬂm Al ‘ée‘LB? 'on of the sem conductor material (9)
covering only a part, of the contact area (11) and/or that the diode
junction only cénpri degead-only memasyaccordingdo chaigme: whesein(the)isolatempateht
the data Wi ch a7pwiidllest pdit Vers onlr?' ofi®BPthe BRCtRIIE §R! gpented by the
| ogic states in rrultl,-vd';\ u% code, and ) ] ) :
characterized in that the semiconductor material (9) is provided between the
electrode structures in a global layer and besides over the isolator patches (7)

10 in the selected memory cells (5).

7. A read-only memory according to claim 5, wherein the isolator patch

(7) wholly or partly covers both electrodes (2, 4),

characterized in that the semiconductor material (9) is provided only between

the electrode structures and adjacent to the isolator patches (7) in the selected
15 memory cells (5), such that the semiconductor material (9) and isolator

patches (7) mutually flush in a common continuous layer.

8. A read-only memory according to claim 1,
characterized in that the isolating material (6) is provided between the
electrode structures in the form of a substantially global layer which covers
20 at least one of the electrode structures and with removed portions (8) in
selected memory cells (5), such that the removed portion wholly or partly
exposes the electrodes (2, 4) in a selected memory cell (5), said memory cell
dependent on the active portion of the semiconductor material (9) and for the
diode junction part of the contact area (11) in the latter case acquiring a logic
25 state which corresponds to a level in a multi-valued code.

0. A read-only memory according to claim 8, wherein the isolating layer

(6) covers only one of the electrode structures,

characterized in that the semiconductor material (9) is provided between the

electrode structures and over the isolating layer (6) in a global layer and
30 besides contacts the electrode structures in the removed portions of the

isolating layer (6).

10. A read-only memory according to claim 8, wherein the isolating layer

(6) covers both electrode structures,
characterized in that the semiconductor material (9, 10) is provided only

T
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5 that said one or nore additional Iogi c states’ are gi ven-by.i'hpedantg .=,

val ues - det érni ned by the extension &1t he ac{tve portI oh of tHe,2 ,,:
sem conduct or : material, and/or the ext*en5| on of- t he pa;rf Of the, ve’
contact area which forms the di ode_juncti on.

read-only nenor§etieethe edeqtends strugtures gid @djﬁcﬁh%tq thedisolating IBGCI‘ (G)Tmﬁley
| .
constitutes a byjdlgéted RemeryBams 15), 8 aF ﬂﬁtQhF%gﬂubGn&leﬁgl gxtaéiexfiarﬁ, 10)Vaé1r(]1 by

ogl ca ol .a

| ogi c state which either réprese
t'he of riherisolating Iaget(6) mutually; Sush e somman seRtingoNs & dayer. a nenory
cell (5) wherein the sem conductor material (9) contacts both the x

electrode (2) ahd A read-anﬂ:yen;embgcacwdélr(gélt)o claim I,rehiaracteriged dh d:]at the
addi ti onal Iogl represent either a
' 1 or a ﬁ%ogl ghﬁﬁ‘bt ar eﬂen%g{‘?)b‘f?%g“r?)ﬁeﬁggﬂé‘g‘#%ct ed resistance val ue

| ogi cal

for the isolati majerial (6) provided
wherein the senll%gond‘{‘l Q#XE?QWYY(%C%@WCIGHHt]a@@r@tPM@d !lhgh%t the

el ectrode (2) %rﬂlbﬁn&u@tbﬁ@deﬁ@ﬂﬁl (%)is polycrystallige siliddr.ead- only menory
according to claim2, 20 characterised in that the isolating materi al

(6) in a menory el IA B253-3R1y memory' d¥coPding foSclbfth AN thattéiized in that the

semiconductor material (9) is an organic semiconductor.

10 14. A read-only memory according to claim 13, characterized in that the
organic semiconductor (9) is a conjugated polymer.

15. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) is an anisotropic conductor.

16. A read-only memory according to claim 1, characterized in that the
15 semiconductor material (9) comprises more than one semiconductor.

17. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) has been added or combined with an electrical
conducting material.

18. A read-only memory according to claim 1, characterized in that the
20 semiconductor material (9), the isolating material (6) and the electrode
structures are realized as thin films. .

19. A read-only memory comprising one or more read-only memories
(ROM) according to claim 1-18, characterized in that the read-only memory
(ROM) is provided on a substrate (1) of semiconductor material or between

25 substrates (1;3) of semiconductor material and via the substrates connected
with driver and control circuits (13) for driving and addressing, said driving
and control circuits (13) being integrated in the substrate (1) or the substrates
(1;3) and realized in a semiconductor technology compatible with the
substrate material.

30 20. A read-only memory comprising two or more read-only memories
according to claims 1-18, characterized in that the read-only memory is
stacked in horizontal layers (15) in order to provide a volumetric memory

-
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4. A'read-only nermory according to claimil, - *.wherein thesread-only .,
menory is realized as a nultilevel logic méngz.y with:~ onejsoranore 53 .
7289

addi tional logic states, characterized in that:the ftrst |ogic §t,a§ e’ 253 M

is given by the effectjve forward bias resistance of a diode forned in’3
memory cell (5) dﬁﬂé‘?"ei‘hﬂttth@ V%EMMW&‘@PF& proyided on-a sebsirate (1 hof x
and the y el ect sescoridictor materidlagr beétwesl SubsRBfds (193) 6f SdRicdhdAERHY Ven
hy deternmni qed esi stapce val ues fol_réqt e isolafing n&t eri a'léit(G)
provided in a ™2 erla%yya Jubsirpte Ak the substrates forperied voth diver aad (9)
at drmrs] t colnt act sofiftol cireuitsi€13Y for drivingcindostidre8ding| séih&iﬂx;}iﬁh% f&ﬁr&l“)
and the selgct ed: r . S| ce val ue e case lie

bet ween t he§ef f gg’? ﬁi/tg @%f ggi[ng 1Bfeag°ra{e% wfthatﬂg §P§§éﬁ‘?e€ lgforiﬁﬁéﬁsﬁva@é@ ;3()5§nd
formed with a drealizeddnd serhicontactor technology confpatitsld-with Yhersubstyate
according to clg 2 characterized in that the isolating materi al

(6) in selected nenory cells (5) is 35 provi ded between the el ectrode
structure in the formof a separate |ayer-1like

—
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20 i solator patch (7) which wholly or partly covers at |east one
of the el ectrodes (2,4) in the nenory cell (5), a selected nenory .
cel |l dependent on ‘the active - _portion of the sem conductor material
and/ or tﬁﬁoaﬁgﬁgzjunction part of the cont act ar eaPCIVNIDI9&/002&3 t er _
case acquiring a logic state which corresponds toa 5 | evel in a

mul ti-val ued code. 6. A r; j}only menory according to claimb5,
wherein the isolator patch ( ? whol |y or partly covers .only one of
the el ectrodes (2, 4), characterized in that the sem conductor
material (9) is provided between the el ectrode structures in a

gl obal | ayer and besi des over the isolator patches (7) 10 in the

sel ected nenory cells (5). 7. A read-only nmenory according to
claim5, wherein the isolator patch (7) wholly or partly covers both
el ectrodes (2, 4), characterized in that the sem conductor materia
(9) is provided only between the el ectrode structures and adj acent
to the isolator patches (7) in the selected -

Fig.1
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15 menory cells (5), such that the sem conductor material (9) and

i'sol.at or patches (7) mutually flush in a comon continuous | ayer.
8. A 1 efb o9HayeENOry according to claiml, char ac j it hat
the isolating material (6) is provided between the efgtﬁrogg&ﬁa '

structures in the formof a substantially global |ayer which covers 20

at | east one of the el ectrode structqg and with renoved portions (8) in
sel ected nmenory cells (5), such that the renoved portion wholly or partly
exposes the electrodes (2, 4) in a selected nmenory cell (5), said nmenory

cell dependent on the active portion of the sem conductor materi al
(9) and for the di ode junction part of the contact area (11) in the
| atter case acquiring a logic 25 state which corresponds to a level in a
mul ti-val ued code. 9. A read-only nenory according to claim8§,
wherein the isolating |ayer . (6) covers only one of the el ectrode
structures, characterized in that the sem conductor material (9) is
provi ded between the el ectrode structures.  and over the isolating

| ayer (6) in a global |ayer and 30 besi des contacts the el ectrode
structures in the renoved portions/of the i,sol ating |ayer (6).

Fig.2
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10. A read-only nenory according to claim8, wherein the isolating |ayer
(6) covers both electrode structures, characterized in that the .
serﬁ'condu‘%tor material (9, 10) is provided only 21 bet ween the
el ect r ode"&PH{%r es and adj acent to the isolating |ayer (@®CTINOY8/06263
sel ected nmenory cells (5), such that the sem conductor material (9, 10) and
the isolating layer (6) nmutually fl uﬂjn a common continuous | ayer.

11. A read-only nenory according to aim1, characteri zed in that the 5
sem conductor material (9) is anorphous silicon. A read-only
nmenory according to claim1, characterized in that the

sem conduct or materi al :mjpolf-r(ym\ll i ne mon
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13. A read-only nmenory according to claim1, characterized in that the

sém conductor _material (9) is an organi ¢ sem conduct or. 10 14. A
read- onl y werssnyreaccording to claim 13, characterized in thq;c-lt,ﬁ@”,om
organi ¢ sem conductor (9) is a conjugated pol yner. . A reag onl’y
menory according to claiml1, characteri,zed in that the sem conduct or
material (9) is an anisotropic conduc déﬁ A read-only nmenory
according to claim1, characterized in that the 15 sem conduct or

material (9) conprises nore-than one sem conductor. 17. A

read-only nmenory according to claim1, characterized in that the

sem conductor material (9) has been added or conbined with an el ectrical
conducting materi al 18., Ar ad only nmenory according to claim1,
characterized in thatsthe 20 enlc nductor material (9), the isolating
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structures are realized as thin fil ns. 19. A read-only nmenory

conprising one or nore read-only nenories - (ROM- according to claim .
1-18, a%%gr ed in that the read-only nenory (ROM) is provided.
on a substrd J( ) of sem conductor material or between 25 PCI/NOBS00283 €S _
(1;3) of sem conductor material and via the substrates connected wth
driver and control circuits (13) forg}?vi ng and addressing, said driving
and control circuits (13) being inte ted in the substrate (1) or the
substrat es (1;3) and realized in a sem conductor technol ogy
conpatible with the substrate naterlal 30 20. A read-only

according to clains
f --———— stacked in
6, menory

menory conpri sing two
1-18, characterized i
hori zontal |ayers (
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22 . device, that the volunmetric nmenory device is provided on a
substrate (1) of sem conductor material or between substrates (1;3) of
sem conduwWOm9/14762 naterial and via the substrate or the supSi/N®9860263 N
connected with driver and control circuits (13) for driving and
addressing, said driving and contr ol circuits (13) being integrated
with the substrate (1) or the substr ,éz (1;3) and realized in a

sem conduct or technol ogy conpatible with the substrate mat eri al .
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