A read-only nmenory and read-only rre deV| ces The present I nvention
concerns an electrically addressabl m edad- only menory,
conprising a plurality of memory ceII ite operation

conpri si W9 ¥/M26%x of the manuf acturl ?I he r ead PER{ND98/00264
menory, permanently each are assigned one of two or nore |logic states

written or &r%avﬁ%hiéﬁ%%ﬁ HEEAR %'imﬁsﬁgfdeg‘ﬁ i SST ' Condbetors for”
t he addresil ng, wherein passi ve el ctrl c conduc matri x conprises a

first and hgareﬁ%mewsmeaéowm an &lg é'@tdiT%S meo ged apart
and paral | g¢adl8nly m¥neess o@hfbr\i\sm@ apyhﬁhhejr oemahbgdesns wigieEHnRl wileand

orov ded oL o e KA e 6! MebuHERLA bl PESRRIIEDAY e ¢ e
col ums of mdmor;atparmamenﬁyedaehtmohsm@mﬂ ofe oe kwotoramiese logichstatescond
thor ei n at Spediitg t 8 REk A Yrd GBI Rl By B e Sty de ikl bERRRnsly
an x el ect mrittemot storgdalata; andia passivesmatrixwfelgctrical condutters foxithen| y
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and a second electrode structure in respective mutually spaced apart and
10 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
rows of the matrix or y electrodes, wherein at least a portion of the volume
15 between the intersection of an x electrode and a y electrode defines a memory
cell in the read-only memory, wherein a contact area in the memory cell is
defined by the portions which respectively extend along each side edge of the
y electrode where it overlaps the x electrode in the memory cell, wherein are
provided at least one semiconductor material with rectifying properties in
20 relation to a selected electrical conducting electrode material, and a first
electrical isolating material, and 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.

-

The invention also concerns a read-only memory device which comprises one

25 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
and efficient way of achieving a great number of accessible memory locations

30  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
state memory means. In these the memory location comprises a simple

35 electronic circuits which communicates to the outside via the intersection in
the matrix and a memory element, typically a charge storage device. Even if
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g d rgt?uced access and switching time as well as increased consumption and
high complexity.

10 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
surface areas of one conduction type are formed in a semiconductor substrate

15 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
an isolating layer. The memory cell comprises a single Schottky diode. A

20 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 manufactlmng 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
small area, high speed, low power dissipation and low cost.

25 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
AND or OR matrices in programmable logic arrays (PLA) or as read-only

30 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
semiconductor substrate and openings are formed in the oxide layer to provide

35 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
contacts. These areas extend to underlying collector layers such that a
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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 films,
10 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 manufacturing
15 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.

with n lines respect '1?(1 %Xeepé’as enr&ex;latlgdx direction and the y direction the
[H“ n

Even though the above-mentioned prior-art devices all realize electrical

20 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
may, however, be possible to store more than two logical values in the matrix,

25 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
separate memory cell in the read-only memory and which does not need

30 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.

Particularly it is the object of the present invention to provide a non-volatile
35 read-only memory based on the use of organic materials, for instance polymer



access and swtching tinme as well as increased consunption and high
conplexity. 10 Pri B HepBeor Replaced nuirber of exanpl es of

sem conducte soased reﬁl i s with electrical addregs/Nebsiod264
passive matrix. Thus U 099 260 (Lynes & al.) discloses a

sem conduct or - based read-only nenory (ROM nmade as a | arge scale integrated
device wherein self-isolating bit line surface areas of one conduction type
are fornmed materiaienwhochl vealizedsinttbin-dilm teShnolegydmaiyrecused bothainbul k ar ea
in the opposi dugtyl - ] conducti on
type as theé%%ﬁﬁglﬁ}ég&g?fea}f tg)rﬂggsg “.ﬁga?ﬁgéﬁ°§?’g#€§?§?§8§{fé%‘§%t‘?§{% t.line
areas. Met ajunrosgdhushalhprovide anore Bexihle sechmical solutions and gspedallnea bi t

l'i ne "areas, mach re@H08d coSPaniwbY1d bOMd bagewhkn %ﬁg,fc stAlineSAbedand®

| ayer. _The nmenpry cell conprises a single Schottky diode. A diode of this
kind wil | b¥DEONAUEHISed or not at each intersection between a word |ine
and a bit |ine depending on whether or not an opening is fornmed in the

i sol ati ng | Bysheritrisredsaoran wbaeetuoi prgvide @rrmd-ongf pemery whichwaHewsiane t o
contact a 'ﬁﬂdrﬁie)oeﬁeeﬁﬁaag;@fbfé&ta&nih@a Jﬁeﬂnow BE1s Br Bidvhefy Idtatidaisnd s

stated to have a snal ea, high speed,

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.

10 These and other objects and advantages are achieved according to the
invention with a read-only memory which is characterized in that the y
electrodes are provided on a second electrical isolating material which is
realized as strip-like structures of substantially same form and extension as the
y electrodes and provided adjacent to the x electrodes as part of the matrix,

15 that the semiconductor material is provided over the electrode structures, that a
first logic state of a memory cell in the read-only memory is generated 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, that a second logic state in a selected memory cell in the

20 read-only memory is generated by both electrode structures in the memory cell
being covered by the first isolating material, that one or more additional logic
states in a memory cell in the read-only memory is generated by an active
portion of the semiconductor material covering only a part of the contact area,
such that the data which are stored in the memory may be represented by the

25 logic states 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, 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, the extension of the active portion of

30 the semiconductor material, the extension of the part of the contact area which
forms the diode junction, and the 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
35 material or between substrates of semiconductor material and via the substrates
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substrates of semiconductor material and via the substrate or the substrates
connected with driver and control circuits for driving and addressing, said

10 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 with only one additional logic state, it is advantageous the firs:

15 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 wherein
the semiconductor material contacts both the x electrode and the y electrode,
and that the additional logic state which correspondingly represents either a
logical 1 or a logical 0, is given by a selected resistance value for the first

20 isolating material provided in a memory cell wherein the semiconductor
material does not contact 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

25 multilevel logic memory with two or more additional logic states, it is
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

30 provided in a memory cell wherein the semiconductor material at most
contacts either the x electrode or the y electrode and the selected determined
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
35 first isolating material in selected memory cells is provided over the electrode
structures in the form of a separate layer-like isolator patch which wholly or
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10 In a second embodiment of the read-only memory according to the invention
the first isolating material is provided over the electrode structures in the form
of a substantially global layer, and with removed portions in selected memory
cells, such that the removed portion wholly or partly exposes the electrodes in
a selected memory cell, said memory cell dependent on the active portion of

15 the semiconductor material and/or the diode junction area in the latter case
acquiring a logic state which corresponds to a level in a multi-valued code.
Preferably the semiconductor material in this embodiment may be provided
over the electrode structures and over the isolating layer in a global layer and
besides contact the electrode structures in the removed portions of the isolating

20 layer, or alternatively be provided over electrode structures and adjacent to the
isolating layer in the selected memory cells, such that the semiconductor
material and the isolating layer mutually flush in a common continuous layer.

In a third embodiment of the read-only memory according to the invention the
semiconductor material in selected memory cells is provided over the electrode

25 structures in the form of a separate layer-like semiconductor patch which
wholly or partly covers the electrodes in the cells, a selected memory cell
dependent on the active portion of the semiconductor material and/or the diode
junction area in the latter case requiring a logic state which corresponds to a
level in the multivalued code. Preferably the first isolating material in this

30 embodiment may be provided over the electrode structures in a global layer
and besides over the semiconductor patches in the selected memory cells, or
alternatively be provided over the electrode structures and adjacent to the
semiconductor patch in the selected memory cells, such that the first isolating
material and the semiconductor patches mutually flush in a common

35 continuous layer.
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provided over the electrode structures and the semiconductor material in a -

10 global layer and besides isolate the electrode structures in the removed

portions of the semiconductor layer, or alternatively be provided over the

electrode structures and adjacent to the semiconductor layer in the selected

memory cells, such that the first isolating material and the semiconductor layer

mutually flush in a common continuous layer.

15 Finally it is according to the invention advantageous that the semiconductor
material is amorphous silicon, polycrystalline silicon or an organic
semiconductor, the organic semiconductor preferably being a conjugated -
polymer.

According to the invention the semiconductor material may be an anisotropic

20 conductor. Preferably the semiconductor material may comprise more than one
semiconductor or possibly also be added or combined with an electrical
conducting material.

Preferably the semiconductor material, the isolating material and the electrode
structures are realized as thin films.

25 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,

30 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 respectively in plan view and section taken along the line A-A,
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5 fig. 4b 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 a third embodiment of a read-only memory according to the invention
respectively in plan view and section taken along line A-A,

fig. 5b a section to the read-only memory in fig. 5a taken along the line A-A in
10 a second variant of this embodiment,

fig. 6a a fourth embodiment of a read-only memory according to the invention
seen respectively in plan view and section taken along the line A-A,

fig. 6b a section through the read-only memory in fig. 4a taken along the line
A-A in a second variant of the second embodiment,

15 fig. 7a an example of multilevel codmg of a memory cell in the embodlment in
in fig. 3a,

fig. 7b an example of multilevel coding of a memory cell in the embodiment in
fig. 4a,

fig. 8a an example of multilevel coding of almemmy cell in the embodiment in
20 fig. 5a,

fig. 8b an example of multilevel coding of a memory cell in the embodiment in
fig. 6a, '

fig. 9 a section through a first read-only memory device according to the
invention, and

25 fig. 10 a section through a second read-only memory device according to the
invention.

The general background of the invention shall now be discussed more 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

30 direction and with for instance n overlying electrical lines 4 which extend in a
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10 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
impedance between the x electrode and the y electrode which intersect each

15 other in the memory cell.

with a read-only ne i ch |s characterlzed in that the y el ectrodes are
provi ded on a seconn\zjﬁﬁ oting material which is realized as

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.
It is well-known that the use of electronic memories with memory cells in

20 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
lines to the neighbouring memory cells. When the size of the matrix, 1.e. the

25 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.
2. If the electrical connection in each intersection is given a highly non-linear

30 current-voltage characteristic, the sneak current problem may be reduced or
wholly eliminated. Quite simply this is achieved in a manner which is already
well-known and suggested in the art, namely by providing a rectifying diode in
series with the impedance or resistance in each intersection.

An essential goal of the present invention is forming a network of diodes of
35 this kind in a manner which simple, cheap, reliable and which simultaneously
allows the use of suitable memory structures in the form of controllable
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linearized analysis shows that the number of electrode 1ntersect10ns, i.e.
memory cells which may be addressed without distortion or noise due to sneak
10 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 paséive matrix memories as exemplified in fig. |
wherein the continuous material layer with finite resistance extends in the

15 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 extremely thin with high

20 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
1n a passive matrix.

The last kind of crosstalk may be avoided by making the film conductance

25 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
described in the literature, for instance in the paper “White light emission from

30 a polymer blend light emitting diode” of M. Granstrém and O. Inganis,
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.

Starting with an as per se known basic structure as shown in fig. 1 wherein the
35 x and y electrodes 2;4 are provided on each side of an anisotropic thin film
with high rectification ratio in the intersections of the electrodes, data may be
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been inserted in the intersection. Higher data storage capacity will be obtained
by using a larger range of resistance values, which is equivalent to several bits
10 being stored in each memory cell, for instance with resistance values Ry, R,,
R3,..., RF < R1 < R2 < R3 < oo,

There shall now with reference to figs. 3-8 be described examples of
embodiments of the read-only memory according to the invention. In these
embodiments it is used a particular addressing geometry which simplifies the

15 adjustment tasks in the manufacture and offers a number of advantages. These-
embodiments differ from those which are described in a parallel and on the
same date filed International application PCT/NO/9800263 with the same
priority base as the present application, in that the semiconductor material and
the isolating material is not provided between the electrode structures in a

20 sandwich configuration, but instead provided over the electrode structures
which are arranged in a bridge configuration such as for instance evident from
fig. 3a and fig. 3b. Each of the y electrodes is here provided on strips 12 of an
electrical isolating or dielectric material which substantially has the same form
and extent as the y electrode 4 and rests on the x electrodes 2 provided

25 orthogonally to the y electrodes 4, such that there is no physical or electrical
contact between the x and y electrodes 2;4.

A first embodiment of the read-only memory according to the invention,
wherein the electrodes 2,4 are provided in bridge configuration, is shown
respectively in plan view and section in fig. 3a. Over the memory cells 5 which

30 is defined in the intersection between x and the y electrode 2;4 the data are
coded by the first isolating material 6 in selecting memory cells being provided
over the electrode structures as a separate layer-like isolator patch 7. The
semiconductor material 9 is provided over the electrode structures with the
electrodes 2,4 and the isolator patches 7 and will only contact the electrodes

35 2,4 in a memory cell 5 where the isolator patch 7 is not present. The contact
area 11 is indicated by a patching on the side edges on a y electrode 4 in a
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the semiconductor material 9 is provided over the exposed electrodes 2,4, and
10 adjacent to the isolator patches 7, such that the surface of the isolator patches

7 and the semiconductor material 9 mutually flush, as this is shown in fig. 3b.

Thereby the distance between the substrates 1,3 may be reduced and there is

nothing against the electrode 4 resting against substrate 3 which, of course, is
electrically isolating.

15 It will also be possible to employ a multilevel coding in the input of data
which are to be stored in the read-only memory of the embodiment as shown in
fig. 3a, and this will be described in greater detail below in connection with
fig. 7a.

A second embodiment of the read-only memory according to the invention is
20 shown in fig. 4a. Here the memory cells instead are coded by isolator patches
7 using a substantially global layer of an electrical isolating material 6 which
is provided over the electrode structures, but with removed portions 8 in
selected memory cells 5. A global semiconductor layer 9 is provided over the |
isolating layer 6 and will only contact the electrodes 2, 4 in the memory cells 5
25 at the removed portions 8 of the isolating layer 6. The contact areas 11 are
formed in a corresponding manner as in the embodiment in fig. 3a. Also in the
plan view in fig. 4a, is the semiconductor layer 9 for the sake of clarity
deleted. The semiconductor material 9 may also in the embodiment in fig. 4a
be provided only in the removed portions 8 such that its surface are flush with
30 the surface of the isolating layer 6 as shown in fig. 4b. The removed portions 8
will then form isolated memory cells 5, and the semiconductor material in
these memory cells hence need not be an anisotropic semiconducting material,
but may just as well have isotropic conducting properties. as the
semiconductor material does not form a continuous layer where blind curieis
35 or bulk currents may pass between the memory cells. Also here the y
electrodes 4 may besides rest against an electrical isolating substrate 3. The
surface of the y electrodes will then, of course, also be flush with the surfaces
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isshown in fig. 5a. It differs from the two previous embodiments in that by the
semiconductor material 9 being provided in the form of semiconductor patches
10 in selected memory cells 5, and coding for instance the first logical value,
while the first isolating material 6 is provided over the semiconductor patches

10 10 and the open memory cells 5 in a substantially global layer. Also in the plan
view in fig. 5a this layer is for the sake of clarity deleted. The semiconductor
patches 10 are mutually isolated by the isolating material 6 and may hence be
anisotropic conducting semiconductor material, as blind currents or bulk
currents between the memory cells 5 will not be present. The contact areas 11

15 define as before the active portion of the semiconductor patch, said active
portion of course extending from the side edges of the y electrode and to
contact with the underlying x electrode in the memory cell. Also in the
embodiment in fig. 5a the isolating material may be provided such that it is
flush with the surface of the semiconductor patches 10 as shown in fig. 5b, and

20 the y electrodes 4 are resting against the substrate 3. Functionally and
geometrically the embodiment in fig. 5b does not differ from that in fig. 4b,
but in the embodiment in fig. 4b the isolating layer 6 with the removed
portions 8 is first deposited, while the semiconductor material 9 thereafter is
deposited in the removed portions 8, for instance by first being provided as a

25 global layer both over the isolating layer 6 and the removed portions 8 and
thereafter scraped off such that it only will be present in the removed portions
8. In the variant embodiment in fig. 5b the semiconductor material 9, however,
first is deposited as semiconductor patches 10 and thereafter the isolating layer
6 is deposited substantially globally over the semiconductor patches 10 and the

30 remaining open memory cells, whereafter it is scraped off until it is flush with
a semiconductor patches 10 as shown in fig. 5b.

Also in the embodiment in fig. 5a a multilevel coding may be used, such as
will be discussed in greater detail below in connection with fig 8a.

A fourth embodiment of the read-only memory according to the invention is
35 shown in fig. 6a. Here the semiconductor material 9 is deposited over the
electrode structures as a substantially global layer but with removed portions
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10 with the surface of the semiconductor layer 9, as shown in fig. 6b, while the y
electrodes 4 simultaneously may well rest against the isolating substrate 3. It
will éasily be seen that the embodiment in fig. 6b is geometrically and
functionally analogue to that in fig. 3b, as it is only the sequence of the
arrangement of respectively the semiconductor material 9 and the isolating
15  material 6 which differs.

Also in the embodiment in fig. 6a it is possible to employ a multilevel coding
as this will be described in greater detail in connection with fig. 8b.

The embodiments in fig. 3-6 allow, as mentioned, a multilevel codiﬂg of data
in preselected memory cells. In this case it is presupposed that a

20 semiconductor material with anisotropic electrical conducting property is used,
for instance in the form of a conjugated polymer. The semiconductor material
will then contact respectively the x electrode and the y electrode in the contact
areas 11 which respectively are located along the side edges of the y electrode
where it intersects the x electrode. Each memory cells will hence comprise two

25 contact areas and have active portions which extend through the semiconductor
material and between the y electrode along each side edge thereof and to the x
electrode over at least a part Aw of the width w of the x electrode. A multilevel
coding of data which are stored in a memory cell will now take place by
adjusting the length of the contact area, such that the impedance value of the

30 memory cell in question arrives between a maximum value, for instance
infinite, and a value dependent of the diode forward bias voltage.

In practice this may be done by using an isolator patch 7 in the memory cell
such that only a part of the x and the y electrodes 2;4 at the intersection of the
electrodes in the memory cell is covered. Thereby a contact area is exposed to
35 the not shown semiconductor material 9, such as is apparent from fig. 7a
which corresponds to the embodiment in fig. 3a, but with multilevel coding of
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semiconductor material contacts the electrodes 2,4 over a contact area with a
width Aw which is smaller than the width w of the x electrode.

10 If the semiconductor material once more is provided over the memory cell in
the form of a semiconductor patch, contact areas 11 as shown in fig. 8a are
obtained with a width Aw which only comprises a part of the width w of the x
electrode 2. The active portion of the semiconductor 9 extends between the
electrodes 2,4 in the contact areas 11. This embodiment corresponds to that in

15 fig. 5a. In the same manner it may in the semiconductor material 9 in fig. 8b,
which corresponds to the embodiment in fig. 6a, be provided a removed
portion or window 17 such that there once more are obtained contact areas 11
with a width Aw which is less than the width w of the x electrode.

By now adjusting the geometrical form of respectively isolator patches 7,

20 semiconductor patches 10 or the removed portions 8;17 in the isolating
material 6 respectively the semiconductor material 9, the coding of data in a
memory cell may take place in several levels.

It shall be understood that the patches 7,10 and the removed portions 8,17 may
have a form which differs from that shown respectively in fig. 7a,b and 8a,b. It

25 is for instance possible to pattern patches and removed portions such that they
obtain the form of stripes respectively slots, but still are designed such that the
contact areas 11 which provide the desired levels in a multivalued logical
code, are obtained.

That the semiconductor material is provided over the electrode structures has a
30 number of significant advantages. For the first electrode matrix and both the
first isolating material 6 and the isolator strips 12 may be deposited by
methods and equipment well-known in semiconductor technology, before the
semiconductor layer is applied globally. Thus a number of adjustments may be
performed with high precision in a sequence layer after layer over the same
35 substrate and critical steps in the adjustment avoided, as it is not necessary to
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15  &ccor@atfrial sfgnifinished blanks may be stored awaiting data coding and
final processing. In the embodiment in fig. 6 the substrates may for instance be
fabricated in crystalline silicon. As known from NO patent application 973782,
which is assigned to the present applicant, a monolithic structure may be
chosen where active circuits which provide interconnections, logical functions,
10 signal routing, amplification etc. may be built into the silicon substrate and
connected directly with the x and y electrodes on the same substrate. The
whole construction apart from the uppermost semiconductor layer, may be
completed in succeeding process steps which without difficulty may
implemented by standard technologies for processing of semiconductors. The
15 uppermost semiconductor layer is applied globally. The semiconductor
material used must have suitable rectifying and conducting properties, while it
is desirable with low bulk costs, simple processing, long lifetime etc. and must
be such that optimal contact with the electrode structures is obtained. As
semiconductor material may for instance conjugated polymers either of the
20 PPV or tiophene type be suitable. Altematively amorphous silicon or
polycrystalline silicon may be used. A particularly simple and cheap solution
is obtained when the semiconductor material is conjugated polymer which may

be applied by doctor blading or by spin coating, dip coatmg Or meniscus
coating.

0264

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

30 increased or else the multi-valued code may be employed with the embodiment
variants shown in respectively fig. 4b and fig. 5b, which easily will allow the
memory cells to be located with a greater area density and with maintenance of
the discrimination necessary to obtain a readout of data stored for instance in a
two-bit code, i.e. with two levels between the code level given by respectively

35 a complete masking of the contact area in 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
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enbodi nent , 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
semiconductor material may be combined with or added an electrical
10 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 semiconductor
technology there may be provided driver and control circuits 13 for the

15 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. 9. '

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. 10. Once

20 again the semiconductor substrate 1 of for instance silicon integrated with
driver and control circuits 13, is used. Along the side 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

25 as this is indicated in fig. 7 which shows an embodiment with stacked
read-only memories ROM 15,...15, which 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

30 interfaces as commonly used with personal computers. In 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 practice it has
turned out that read-only memories according to the invention may be made

35 with a thickness of electrode structures and memory cells of at most a few



fig. 6a a fourth enbodi ment of a read-only menmory according to the

I nvention seen r especfi &gl v, ew and section taken along the line ,
A-A Tig. wehoeies@Ct i onﬂﬁ ol deBe R%&acee{%ld only nmemory in fig. ?%6@0%96 al ong
g

the line AAAIn a seco t he sgcond enbodi ment, a an
exanple of nultilevel nory ceII in the embodiment in in fig.
3a, fig. 7b an exanpl e of nultllevel coding of a nenory cell in the

embodi ment fherbiddterddand hﬂth?e%l Ecﬁﬁ fH%'l?aé%ferBS cﬁ'yeé Fg&éﬂﬂn@fw fEory

ggld: nlgnmE hﬁlﬁ@ﬁ?{ﬁ%& FCCBHO?‘?%’ eheedrniy mmpngM@aon? ﬁEPfagg éa”\léelst@ﬂ s
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four-bit coding, something which seems realistic, the data storage density may,

5 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 read-only memory and the data storage
density will, of course, increase proportionally with the number of stacked
10 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

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
15 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.
Preferably the read-only memory is manufactured with the use of well-known
thin-film technologies and photolithographic methods. Basically all materials

20 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
windows with positioning and dimensioning the patches or windows of the
mask in accordance with a determined protocol, such that each memory cell is

25 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.



i nvention, and 15 _. fig...10 a section through a second read-only nenory
devi ce according to the invention. The general background of the invention
shal | nomwkne99dum3u§“!31e8heanaeB¢ehn ad. A generic matrix addr exs/mQessesé€m i s
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el ectrodes which imti ARARTY dfidesPpetdneelydetiefeacor stored data, and a pass1ve

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' apaft 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 (2) 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 a contact area (11) in the memory cell
(5) is defined by the portions which respectively extend along each side edge
of the y electrode (4) where it overlaps the x electrode (2) in the memory cell
(5), wherein are provided at least one semiconductor material (9) with

20 rectifying properties in relation to a selected electrical conducting electrode
material, and a first electrical isolating material (6), and 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 the y electrodes (4) are

25 provided on a second electrical isolating material (12) which is realized as
strip-like structures of substantially same form and extension as the y
electrodes (4) and provided adjacent to the x electrodes (2) as part of the
matrix, that the semiconductor material is provided over the electrode
structures, that a first logic state of a memory cell (5) in the read-only memory

30 is generated 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, that a second logic state in a
selected memory cell (5) in the read-only memory is generated by both
electrode structures in the memory cell being covered by the first isolating

35 material (6), that one or more additional logic states in a memory cell (5) in the
read-only memory is generated by an active portion of the semiconductor

My



30 as the cont actw_ar“eawc')_f't'h"éwr_rgrr-bf“;'/' cell. According to the invention
data is stored in earHy SkeMEsBeaHplad® | NPedance val ues, for instance

resi'st anceypabypms bet the y electrode in each ﬁhﬁg@%ﬂ‘pn.

The logic state in ea UH Hﬂﬁu n or mpyory location is Foun by .
measuring el ectrical en the x electrode and the y el ectrode
whi ch intersect each other in the 35 menory cell. Distinct from

comm? knOV\/:ﬁlmanalegﬂ) @iebrt cﬂlw«ngaﬁ&mm dlﬁﬁ@t'ﬂ: areat(rm) ssixhetiat the dptaesent
i nvention all.q €, us ur.e ve e e S
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where alter hsmg/gw@urbséﬁne PaRereyeh kpwgamt%sr heyimpedaRseory cel |
S[err] giveghRdacteristics 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 impedance characteristic of the diode junction.

10 2. A read-only memory according to claim 1, wherein the read-only
memory constitutes a binary logic memory with only one additional logic state,
characterized in 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 (5) wherein the semiconductor material (9) contacts both the x

15 electrode (2) and the y electrode (4), and that the additional logic state which
correspondingly represents either a logical 1 or a logical 0, is given by a
selected resistance value for the first isolating material (6) provided in a
memory cell (5) wherein the semiconductor material (9) does not contact either
the x electrode (2) or the y electrode (4). |

e
T

20 3. A read-only memory according to claim 2,
characterised in that the isolating material (6) in a memory cell (5) 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
25 two or more additional logic states, characterized in that the first logic state 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)
30 wherein the semiconductor material (9) at most contacts either the x electrode
(2) or the y electrode (4) and the 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,
35 characterized in that the first isolating material (6) in selected memory cells (5)
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in the selected memory cells (5).

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

15 8. A read-only memory according to claim 1,
characterized in that the first isolating material (6) is provided over the
electrode structures in the form of a substantially global layer, 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

20 (5), said memory cell dependent on the active portion of the semiconductor
material (9) and/or the diode junction area 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,

characterized in that the semiconductor material (9) is prov1ded over the
25 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,
characterized in that the semiconductor material (9) is prov1ded over the

30 - electrode structures and adjacent to the isolating layer (6) in the selected
memory cells (5), such that the semiconductor material (9) and the isolating
layer (6) mutually flush in a common continuous layer.

11. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) in selected memory cells (5) is r ov1ded over the
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, global layer and besides over the semiconductor patches (10) in the selected
memory cells (5).

10 13. A read-only memory according to claim 11, characterized in that the
first isolating material (6) is provided over the electrode structures and
adjacent to the semiconductor patches (10) in the selected memory cells (11)
such that the first isolating material (6) and the semiconductor patches (10)
mutually flush in a common continuous layer.

15 14. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) is provided over the electrode structures in the
form of a substantially global layer (9) and with removed portions (17) in
selected memory cells (15), such that a removed portion (17) wholly or partly
exposes the electrodes (2,4) in a selected memory cell (5), said memory cell

20 dependent on the active portion of the semiconductor material and/or the diode
junction area in the latter case acquiring a logic state which corresponds to a
level in a multivalued code.

15. A read-only memory according to claim 14, characterized in that the
first isolating material (6) is provided over the electrode structures and the

25 semiconductor material (9) in a global layer and besides isolates the electrode
structures in the removed portions (17) of the semiconductor layer (9).

16. A read-only memory according to claim 14, characterized in that first
isolating material (6) is provided over the electrode structures and adjacent to
the semiconductor layer (9) in the selected memory cells (5), such that the first

30 . 1solating material (6) and the semiconductor layer (9) mutually flush in a
common continuous layer. '

17. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) is amorphous silicon.

T
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973390 whi ch has . . .

organic Semiconductor (9) is a conjugated polymer.

21. A read-only memory according to claim 1, characterized in that the

semiconductor material (9) is an anisotropic conductor.

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

23. 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. '

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

25. A read-only memory comprising one or more read-only memories
(ROM) according to claim 1-24, characterized in that the read-only memory
(ROM) is provided on a substrate (1) of semiconductor material or between

20 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.

25 26. A read-only memory comprising two or more read-only memories
according to claims 1-24, characterized in that the read-only memory is
stacked in layers in order to provide a volumetric memory 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

30 substrate or the substrates connected with driver and control circuits (13) for
driving and addressing, said driving and control circuits (13) being integrated
with the substrate (1) or the substrates (1;3) and realized in a semiconductor

technology compatible with the substrate material. e
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(57) Abstract
A read-only memory is made electrically address- , 4~ &
able over a passive conductor matrix, wherein the volume i 3
between intersection of two conductors (2; 4) in the matrix - &
defines a memory cell (5). Data are stored as impedance 3 %
values in the memory cells. The memory cells (5) com- é SR _;‘.- {
prise either an isolating material (6) which provides high 0 A )|
impedance or one or more inorganic or organic semi- ] 7\ 4] 2
conductors (9), preferably with an anisotropic conducting SRR
property. The semiconductor material (9) forms a diode % % KRR g
junction at the interface to a metallic conductor (2; 4) o3 : % {
in the matrix. By suitable arrangement of respectively the e e %
isolating material (6) and semiconductor material (9) in the 7 1l i
memory cells these may be given a determined impedance £ L i
value which may be read electrically and corresponds to r—- g S8 HE g-—;
logicat values in a binary or multi-valued code. One or e 4 ']
more read~only memories (ROM) may be provided on a A il o 2 A
semiconductor substrate (1) which also comprises driver 24 L—4 23
and control circuits (13), to accomplish a read-only mem- ;‘ :’
ory device. The device may be realized either planar or % T~12 e 12
also volumetrically by stacking several read-only memo- A A

ries (ROM) in horizontal layers (15) and connecting them
with the substrate (1) via addressing buses.




“embodiment s .of the read-only nenory ‘acedrdinmg.to the ipvention. In these
enbodi nents it is used a particul ar .'addliessilng' geqmet ry; whi gh _si npf hfies
the-adjustnent tasks in the manufactureland .offers a nunber sof advantdges.

These enbodi nents dj ffer fromthose which are desgr i in’a parallel® and
on the 35 55115%3%98& P\eé‘b""lyn‘?'b‘fﬁﬁ%\‘?‘c%&' '%%B?T’Eﬁﬂ"??ﬁg PCT/ NO 9800263 wi t h
the sanme priority base as the present applicat t he

l.on,, in that .
sem conduct or ABEATESENt ARYENLIOR GODSEES; WlﬁﬁttrWhéﬂ aqdéesﬁﬁglaed?%m]@@l%et ween
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of the y d ect megeoryi pemmanenplycach ade assigned pae 0f twe oameredogia Hates
i sol ating or dh@é&aiﬂq fo ABERFhfedProfdtol WISER i kiR h‘bérﬁlﬁf? defies ?@Hmﬁﬁ’éﬁﬂy’v‘:‘
and extent as the y electrode 4 and rests on.th l.ect r odes royi ded
orthogonal ly t 8’1"("?%1 v %Pfféf‘?%e@‘ﬂ? PE¥RLKe mﬁ%lxﬂef&f%c?ﬁ’lgaln@"gﬁ%qfé gpr
el ectri cal addressing, wherein the passive electrical conductor matrix comprises a first and
a second electrode structure in respective mutually spaced apart and parallel
10 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 rows of the
matrix or y electrodes, wherein at least a portion of the volume between the
15 intersection of an x electrode and a y electrode defines a memory cell in the
read-only memory, wherein are provided at least one semiconductor material
with rectifying properties in relation to a selected electrical conducting
electrode material, and a first electrical isolating material, wherein the
semiconductor material in electrical contact with an electrode in the memory
20 cell forms a diode junction in the interface between semiconductor material and
electrode 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 either the impedance characteristics of the semiconductor material or
the impedance characteristics of the isolating material, and the impedance
25 characteristic of the diode junction.

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.

30 Matrix addressing of data storage locations or bit spots on a plane is a simple
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

35 at present implemented in a large number of different embodiments of solid
state memory means. In these the memory location 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
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cont act "between the x and y electrodes.2;4. A-first enbodi neat of the.,
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whi ch for the s&l@éimexﬂé]’arltyls deletedfromthe plan viewin fig. 3a, may

be an ani sotropic sem conducting material, but where for instance the
10 Prior art provides a number of exarnples 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
surface areas of one conduction type are formed in a semiconductor substrate

15 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 an isolating layer.
The memory cell comprises a single Schottky diode. A diode of this kind will be

20 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 small area, high speed,
low power dissipation and low cost.

—4

25 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 AND or
OR matrices in programmable logic arrays (PLA) or as read-only memories

30 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 semiconductor substrate and
openings are formed in the oxide layer to provide anode contacts and cathode

35 contacts via metallic lines which constitute a first metal level in the electrode
matrix. Two n" areas are located under the cathode contacts. These areas extend
t0 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
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di st ance between the memory cells is nat; very small, i.e. the storage.
density is low, the sem conductor nateri: aI dy wel | be’an ani sotiropirc
conducti ng 25 sem conductor material .» Ina varj- ant ol thel enbodimeny in

‘fig. 3a the senmiconductor material 9 is row ded over, the exE)osed’ v
el ectrodes 2, 4secomnt metaldevel wbtchrc@mmﬁeat oF instanaean orth seeand glgctrode

surface of the h%@hﬁ%of) Eﬂﬁg??ﬁroﬁ fAtHe ‘ii’tﬁaéﬁi}é&‘éﬁ‘éﬂ%x@rcdﬂd&rwmﬂl a%athttdoad ly

f1 ush, t hi
substrates 1, 3 CRBYAN AGARERAT § o ol hbRPH ARG e

el ectrode 4 reghatfig. agai nst substrate 3 which, of course, is electrically
Isolating. It will also be possible to enploy a nultilevel coding in the

i nput of dgta ‘#}h&l‘{& ﬁieﬁ"etai?e BnP UY Satehtnd. Fsezvzedognlrm K@oWno4 tHihefilm

enbodi nent as a, and thi d
detai| bel ow i i‘@@ﬂﬁ%ﬁ? 59215 o af%‘“xﬁfs opsl ind §1 @W@%%%E\S%ﬁﬁggfmt Phe
read-only menorsyackcefthin figms @ntgless aswmuthansubstmtm\ﬁachrcwsegl mémoryeel t he

menory cells i P:%gﬁﬁgﬁ ethﬁ?ﬂl‘fﬂ cmS L3Rl Hfay%}tﬁs{?ﬁ% s V%ﬂ@ 'o@geﬁlmggﬁtﬁﬁﬁ y

gl obal | ayer o & Al S0 atln rovi over
the el ectrode dor utsfcm@soflbmromrtaﬁed émmrebptwoﬁiklc%swlaerem 1lms are

10 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 manufacturing
protocol. Where the memory element does not have a diode structure or where

15 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

addressing in passive matrix in an as per se known manner by providing diode
20 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

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
25 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
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

30 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.

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
35 materials, which realized in thin-film technology may be used both in

conductors, isolators and semiconductor materials, something which supposedly
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menory cells 5. A global sem conductor .hayer 9 is provided- over t.he ..
isolating layer 6 and will only contact ;the4l ectrodes 2, 4 i n the; genbry
.cell's 5 at the renoved portions 8 of" the i sol at i ng Iayer 6. -THe coht aty

areas 11 are forned in a correspondi manner .as in the enbodi medt i fig.
3a. Also in théh"g‘f RrOVide mors f&xxbleftpghm%l sqlutipmeand gsResial bt e srughaseduced f or

the sake of cl abstithafevqilébe theeasewhen Meingt @y stalline irrgfhioRemitsmidciorshe
enbodiment in fig. 4a be provided only in the renoved portions 8 such that

its surface ar FuHh%?'ft 191204 MS%ﬁuf ﬁaﬁ,%v@&e ya@ad -8l fn'egrg; @Mﬁ&hf‘au%%vswm in

fig. 4b. The re jons ormis cell's 5, and
the sem conducf‘gﬁtl&é’[egFP ngl‘?erﬁé%térW?érWe@@FY@ %)01' MERNY Oﬁ%té‘éflsnot be an
ani sotropi ¢ seniconducting naterial, but may just as well have isotropic
conduct i ngd pr ofinallyel is the objecteftheqresant dnventic ioa;brod«r&a negd-bnlynmamory

conti nuous Iaywhle‘{as, iﬁﬁ‘i‘lt‘&%&l‘? gg[urﬁygrn{é: l%g (ﬁggs res @gﬁ detween the

menory cells ey electro y agalnst an

' These and other objects and advantages are achieved according to the invention
with a read-only memory which is characterized in that the y electrodes are
provided on a second electrical isolating material which is realized as strip-like

10 structures of substantially same form and extension as the y electrodes and
provided adjacent to the x electrodes as part of the matrix, that the
semiconductor material is provided over the electrode structures, a contact area
in the memory cell thus being defined by the portions which respectively extend
along each side edge of the y electrode where it overlaps the x electrode in the

15 memory cell, that a first logic state of a memory cell in the read-only memory is
generated by an active portion of the semiconductor material covering the whole
contact area of the memory cell, the diode junction thus 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 generated by both electrode structures in the

20 memory cell being covered by the first isolating material, that one or more
additional logic states in a memory cell in the read-only memory is generated by
an active portion of the semiconductor material covering only a part of said
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

25 additional logic states are given by impedance values determined by the
extension of the active portion of the semiconductor material, and the extension
of the part of the contact area which forms 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

30 or between substrates of semiconductor material and via the substrates
connected with driver and control circuits for driving and addressing, 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 the invention is

35 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
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el ectrical isolating substrate 3. The sgrface of the y electrodes w ki
t hen, . of 15 cour se, fal so be flush: with the surfaces of jtﬁe sem teéonduct or
material and the first isolating material. 1.n-the 'errbogi_,nﬁnt; shows i ¥ i g.

4 it is further possible tq inplenment a,nultilevel . coding, such.lhis shall

be discussed i subgtratesedt %lﬁPﬁlﬂéq)bWaFWagu@ﬁﬂlavdg?ﬁgﬁS'\%é)s?l!ﬁt‘lg Pﬁayegﬁl.bshjaf%isrg

;errzb?dl rregt OTté%}ﬁ}e][ce@ﬂwmf I&iﬁmﬂwo@mmﬂicuns for dtieingramshaddrassiog, said sshown
i g. ba. i ffers, fraom,the ' ' b}

seni conduct or FEVHE Zd @%&?lncdrcﬁﬁt%e%m tﬁ%@?’g@‘%g hgséﬂrrn&eodrﬁhg ? %)ﬂrﬁtpﬁes

pat ches 10 in sud eealizédrinaeniconduste, teghuologyicegnmasidle Mﬁ?"a&’@e‘“ﬁﬁgaﬁ rst

| ogi cal v ue, 1 l}h _the first isolating material 6 is provided over the
sem conduct or patches 10 and the open nenory cells 5 in a substantially

gl obal [ ayer. SQ in,th I ' - ' ' | h
sake of clari t@llféfs@t s .rgz]"%é’ﬁge%%énoor%\é%? %ﬁdlﬁ%&ﬁ,‘é%ﬁ‘%hg?g chgytﬁtglltéls;a iﬁg{oalr%t gd
by the isol ati lagiermemory, iteis aduantageous e fizst logis éﬁart%ﬂf}édéSHE%‘fqpﬁﬁsems a

sem conduct or r%ﬁ 1i Pbr 2 36giBAl NAs GEWEIERY Sheéffbdtive fotivaed biashesiseateidfea
menory cells 5 | . not

the active por ¢ fomFﬂgg ?%gﬁg%ﬁglgﬁleg%?‘téﬁgtsgrgliri%@&%ﬂovrgﬁgepﬁl Uontiet" ©

10 both the x electrode and the y electrode, and that the second or the additional
logic states which correspondingly shall represent either a logical 1 or a logical
0, is given by a selected resistance value for the first isolating material provided
in a memory cell wherein the semiconductor material does not contact either the
x electrode or the y electrode, said isolating material in a memory cell

15 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
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

20 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 resistance value in each
case lies between the effective forward bias resistance of a memory cell formed

25 in the diode, and infinite.

In a first embodiment of the read-only memory according to the invention the
first isolating material in selected memory cells is provided over the electrode
structures in the form of a separate layer-like isolator patch which wholly or
partly covers the electrodes in the memory cell, a selected memory cell

30 dependent on the active portion of the semiconductor material and/or the diode
junction area in the latter case acquiring a logic state which corresponds to a
level in a multi-valued code. Preferably the semiconductor material in this
embodiment may be provided over the electrode structures in a global layer and
besides over the isolator patch in the selected memory cells, or alternatively be

35 provided over the electrode structures and adjacent to the isolator patch in the
selected memory cells, such that semiconductor material and the isolator patches
mutually flush in a common continuous layer.
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30 portion of course extending fromthe side edges of the y el ectrode
and to contact with the underlying x etegtrofle:in-the memoryascell. ;Asd in
‘the enbodinment in fig. 5a the isolating yaterial may bezgr-ab\éidéd Pdch *ghat
it is flush with the surface.of the seniconductor patches, T stowd.%i n
g, by and t Ha §eaoBdioroRRiment pEURCBAATRY GOt F4r0rdingap e epttion the
gy P:‘:t i oPaI I yt ﬁﬂf(ﬁsﬁ%@{!?ﬂiﬁg’ ﬁ%kéri/al% proviﬁb& ogeb it eieam'odm?tﬁ'uq;turésdncthesforrlntof a
iffer fromthat .in f.iaq. ut in <) | . | LNg
fayer 6 with o neosErgely siibetighe dnd S PRROAERrldhy thiipletied imlcty Bl
seni conduct or rsichrthat the remeved fpoetion whodkyosr pastlyiexpones therrlectmodssrinizons 8,
for Instange byse@éfft?}%nﬁ%&? dyil?\égi‘aerﬂextﬁ%rf‘cgﬂl%ﬁgnétlé}ﬁ% the letiQ¥ Porfife of the

13713 sugh ¢ hatSeRHCBRIYEIaT TGSt BPAL e CHOdHBTCERBALES Bofts BHET B9 1 ¢ he
vari ant acquiring a logic state which corresponds to a level in a multi-valued code.
Preferably the semiconductor material in this embodiment may be provided over
the electrode structures and over the isolating layer in a global layer and besides
10 contact the electrode structures in the removed portions of the isolating layer, or
alternatively be provided over electrode structures and adjacent to the isolating
layer in the selected memory cells, such that the semiconductor material and the

isolating layer mutually flush in a common continuous layer.

In a third embodiment of the read-only memory according to the invention the

15 semiconductor material in selected memory cells is provided over the electrode
structures in the form of a separate layer-like semiconductor patch which wholly
or partly covers the electrodes in the cells, a selected memory cell dependent on
the active portion of the semiconductor material and/or the diode junction area
in the latter case acquiring a logic state which corresponds to a level in the

20 multivalued code. Preferably the first isolating material in this embodiment may
be provided over the electrode structures in a global layer and besides over the
semiconductor patches in the selected memory cells, or alternatively be
provided over the electrode structures and adjacent to the semiconductor patch
in the selected memory cells, such that the first isolating material and the

25 semiconductor patches mutually flush in a common continuous layer.

In a fourth embodiment of the read-only memory according to the invention the
semiconductor material is provided over the electrode structures in the form of a
substantially global layer and with removed portions in selected memory cells,
such that the removed portions wholly or partly exposes the electrodes in a

30 selected memory cell, said memory cell dependent on the active portion of the
semiconductor material and/or the diode junction area in the latter case
acquiring a logic state which corresponds to a level in a multivalued code.
Preferably the first isolating material in this embodiment may be provided over
the electrode structures and the semiconductor material in a global layer and

35 besides isolate the electrode structures in the removed portions of the
semiconductor layer, or alternatively be provided over the electrode structures
aind adjacent to the semiconductor layer in the selected memory cells, such that
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enmbodi ment in fig. 5Sb the sem conductor.imaterial -9, however, first is,
deposi ted as seni conductor patches 10 "afjd t hereaf t er t he i;scg ati-ngs, lsaygr 6
.i's deposited substantially globally over the sem conduci os _pat“chééi 10°and

t he remai ni ng pen memory cel Is, whereafter it is scraped off .uhtil it
ot uen wi vh e Bt alalRE FteSRl i e RaTRehBlerot teokr Ry AREE Y ¢ e
enbodi nent i n tommdmcentimidusllayer. codi ng may be used, such as will be

di scussed in greater detail below in connection with fig 8a. A fourth

enbodi ment of FiyaileRds @BEordifRTRY thedf¢Ontibd¥athdeoustHathedemisodductor
shown in fig. 6a. Hglr.e t he Eem %duct r ma%ajﬁ.l al .9 is delgf)smed over the
el ectrode st r uBHaiFae! 13AMOTPRRUS SIHcPn, P@Y@D’é ing ${11Gon, Ok 2% PTEANIG oy ed |
portions df wi semiwontctar, thel ergeeid searivoyductodr prefembbhbeingta eorfjugsted| ogi c
state in bi ”arﬁgﬁﬂﬂéﬂ‘g is only obtained in the nenory cells wherein the

e

sem conduct or rfal 9 is provided and the contact areas 11 are present,
bt ai ned Jn the ells which are

whi | h l.ogic,.state is 15..

located in a rFS0EdinEp hd invspriondBe siplemgcios ApETar may Dol AIEREOPIC
sem conduct or eendudtar. Rrefarably the semi¢ongluctdremateriab nay comprispowire dihr ona
substantial ly gl ghaindu@der or'YissiBly BfsoUrafiRi%rYombined with an electrical

10 conducting material.

Preferably the semiconductor material, the isolating material and the electrode
structures are realized as thin films.

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
15 accompanying drawing.

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,

20 fig. 3a a first embodiment of a read-only memory according to the invention and
seen respectively in plan view and section taken along the line A-A,

fig. 3b 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
25 invention seen respectively in plan view and section taken along the line A-A,

fig. 4b 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 a third embodiment of a read-only memory according to the invention
respectively in plan view and section taken along line A-A,

30 fig. 5b a section to the read-only memory in fig. 5a taken along the line A-A in
a-second variant of this embodiment,
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clarity, however, is deleted fromthe, plian viewin fig. 6a->A so here t he
i solating material may be deposited only, i n"& he renpveds pOI’td ons 173insthe
.sem-conduct or 20 materi al such that the surface of t;le |s-ol “ati ﬁ@) ’.
material 6 is fJ]ush th the surface _of t em conduct or ye

e ! o o Shehatl o et o1 el PSR A Sre 15 b il
the isolating Sbﬂﬁﬁi‘ds@bem%’elylm Viesasnd yediiorstaken tabarg thedimeAedi ment in
fig. 6b is geonetrically and functionally analogue to that in fig. 3b, as

it is only the ‘E‘Beef‘f&tfbfrn thhugl thanesdRnly Hem@SAAKiL. @] tkeR along R line

hovvn

sem conduct or erl a the isolatin er. al which differs. Al so
in the enbodi méyé Itha spepn \épr;qnt iof the,seg %eerm% i‘ﬁtﬂn&y a multilevel coding
as this will be described in greater detail in connection with fig, 8b. The

enbodi nent$ i nfig. §a @ examplew! multitlevel icoding ofha mamoenyesed] lnc@m%bqﬁm&aw. n
presel ect ed e R Fig, galls. In this case it is presupposed that a
sem conduct or 30 nmaterial wth anisot ropi c electrical conducting

property is us;% erﬁiqepﬁ{l@@t hid1 %fﬁggfé‘rﬁé}ﬂﬁ}'g@ﬂﬁm AR HHBEdinled in

sem conduct or en cont act pective x el ectrode and
the y el ectrodéig 43t he contact areas 11 which respectively are | ocated
al ong the side edges of the y el ectrode where it

fig. 8a an example of multilevel coding of a memory cell in the embodlment in

10 fig. Sa,

fig. 8b an example of multilevel coding of a memory cell in the embodiment in
fig. 6a,

fig. 9 a section through a first read-only memory device according to.the
invention, and

15 fig. 10 a section through a second read-only memory device according to the
invention.

The general background of the invention shall now be discussed more 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

20 direction and with for instance n overlying electrical lines 4 which extendinay
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
overlapping areas or intersections between the electrodes are provided. The

25 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 of
respectively the x and the y electrodes 2;4, in a memory cell 5 will be denoted

30 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 impedance
between the x electrode and the y electrode which intersect each other in the

35 memory cell.
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intersects the x el ectrode. Each nengry,zel |l s yill hence conprise,fwo.,

contact 35 areas and have active p{ort;ons9wh| ch extend Y hRough tihg :
sem conductor naterial and between tHhe y2 el eqtrode »al ong eachk 3i d¥'jedye
thereof and to the x el ectrode over at |east a ar‘ivh of’ ”La[sw dt*h w*of
the x el ect r odeDistinetifram gommenknowyn sprrent-addegsge P@I afrix-ased Emery,

memory cell W | dyspss tﬁﬁre@élﬂqgvéﬁh@ﬂhnéﬁm e L€ of &putélyqiassive etevrtiasl

h th f
Betveen a nax ?ﬁ%ﬁé}gﬁlﬁi SER R atF a8 brele e TE B Slembyfts 20 95 ¥l dsltS®
the di ode for waltds edbknownabat the use of elgotromic oeemories with memany eellyinisi ng
an isol at ors pat Gsiye r‘ﬁafr i B Rmbered Widtal Fb rhiabe %{ifr)ént31 285 or ShedlhBurtemnd

co 1”1 s cover ecpathhih B eleCienls Mabtihr Lais OBl ICAHENG A6t 2R
sem conduct or naiternatiVe Surrsntpaths geserapnbbye addfessimgfthg metaomhéedh5y given by
the intersection between the electrodes my, n; are indicated by thinner stitched
lines to the neighbouring memory cells. When the size of the matrix, i.e. the
10 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. 2.
If the electrical connection in each intersection is given a highly non-linear
15 current-voltage characteristic, the sneak current problem may be reduced or
wholly eliminated. Quite simply this is achieved in a manner which is already
well-known and suggested in the art, namely by providing a rectifyin'g diode in
series with the impedance or resistance in each intersection.

An essential goal of the present invention is forming a network of diodes of this

20 kind in a manner which simple, cheap, reliable and which simultaneously 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

25 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. memory cells which may be addressed

30 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
wherein the continuous material layer with finite resistance extends in the

35 intervals between the intersections of the electrode matrix, is that currents even
with perfect rectification in each intersection may flow between the electrode
Hinies 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,
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corresponds to the enbodinment in fig. y3a,s but«with mltilevel COdI‘I‘Jg qQf, 10
presel ected nenory cells. Fig. 7b cor:esgondsl(lOsthe enbodizneht in filg. :4a
and differs fromthe enbodinment in fig. %ain t:hat it he isolkat}ng matem'al 6

I's not provided in the form of patches 7, but as a gl obal'*l &Yer
renoved porti onsnskthg ﬁwvhetweem elestrode styetuzebH ke @@Fﬁn&@ﬁc}gt’% wi i%lggri al

s provided and sigficadesistaiCe <hadmbisb sffeorstmang sich thaemepaty igel | at

t he contact area 11 1 are .l ocate h
naterial and alo |t8é¥1\,€ u‘i?ﬁ %?“‘éef g%éjﬁgﬁ‘tée ﬁni@ﬂ‘g%&{ﬁﬁf@&ﬁélmlt to
active portion dhemwmfaommmns and spiakso cHmemuary ceHs véiich masbe realized

over a cont gct qhe‘?pg%?;\}bﬁa width Aw which is smaller than the width w of
the x el ectrode e sem conductor naterial once nore is provided over

;2 es Hgmng ' ?/ncfe : lg T]gea gf g?rbdo?f érﬁ)éghﬁcf r[n%y Sb%@v&?ﬂé&’% %ak@ﬁé ﬁJﬂ? fiff Q:toﬁglﬁg%égés 11

part of the wi dthighiyosniseizopicel.ecwithddgh comductaned uetimhsu@d C@rremdlrectlon
sem conductor 9 g §86%WLNBERaREE Iﬁlc%Sé 69@'1%5 13hts wm Ebﬁe%@&tm peas 11.

ml ts hgn’ts)g?nl gz;me}@ggdﬂggﬁe%ggqﬁaﬂy o tlgegplamloé‘ﬁﬂe matrix and lg?ﬁnggnducttance in
10 the 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. Granstrém and O. Ingan;"ais, 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

15 been assigned to the present applicant.

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 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
20 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 coded, for instance with a
forward bias voltage which either gives logical 1 as R = Rg, where R is the
effective forwards bias resistance of the diode in this intersection, or logic 0 as
25 R = o, 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 several bits being stored in
each memory cell, for instance with resistance values R;, R, Ra,...,
R <R; <R; <R3<wm.

30 There shall now with reference to figs. 3-8 be described examples of
embodiments of the read-only memory according to the invention. In these
embodiments it is used a particular addressing geometry which simplifies the
adjustment tasks in the manufacture and offers a number of advantages. These
embodiments differ from those which are described in a parallel and on the

35 same date filed International application PCT/NO/9800263 with the same
priority base as the present application, in that the semiconductor material and
the isolating material is not provided between the electrode structures in a
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25 corresponds to the enbodinent in filg. 6a, be provided a renoved .
portion or w ndow 17 such that there oncé m)rlé are obtai ned contact - ar eas
11 with a width Aw which is less than the width w of the’x el’ectrodé B}/
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dos) gnod suon ¢ Rathoggeaih T S 7 eledhBaet T REGH insF srd € bR pniieet bheleshlifa |
a mul tival ued | eghtask betwien thex anigd pichastivodes 2;4.

A first embodiment of the read-only memory according to the invention,
wherein the electrodes 2,4 are provided in bridge configuration, is shown

10 respectively in plan view and section in fig. 3a. Over the memory cells 5 which
is defined in the intersection between x and the y electrode 2;4 the data are
coded by the first isolating material 6 in selecting memory cells being provided
over the electrode structures as a separate layer-like isolator patch 7. The
semiconductor material 9 is provided over the electrode structures with the

15 electrodes 2,4 and the isolator patches 7 and will only contact the electrodes 2,4
in a memory cell 5 where the isolator patch 7 is not present. The contact area 11
is indicated by a patching on the side edges on a y electrode 4 in a memory cell
5 and the active area of the semiconductor material which in this case gives its
impedance value, extends from the y electrode 4 through the semiconductor

20 material 9 to contact with the x electrode 2. Preferably the semiconductor
material which for the sake of clarity is deleted from the plan view in fig. 3a,
may be an anisotropic semiconducting material, but where for instance the
distance between the memory cells is not very small, i.e. the storage density is
low, the semiconductor material may well be an anisotropic conducting

25 semiconductor material. In a variant of the embodiment in fig. 3a the
semiconductor material 9 is provided over the exposed electrodes 2,4, and
adjacent to the isolator patches 7, such that the surface of the isolator patches 7
and the semiconductor material 9 mutually flush, as this is shown in fig. 3b.
Thereby the distance between the substrates 1,3 may be reduced and there is

30 nothing against the electrode 4 resting against substrate 3 which, of course, is
electrically isolating.

It will also be possible to employ a multilevel coding in the input of data which
are to be stored in the read-only memory of the embodiment as shown in fig. 3a,
and this will be described in greater detail below in connection with fig. 7a.

35 A second embodiment of the read-only memory according to the invention is
shown in fig. 4a. Here the memory cells instead are coded by isolator patches 7
using a substantially global layer of an electrical isolating material 6 which is
provided over the electrode structures, but with removed portions 8 in selected
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gHave isotropic conducting properties, as the semiconductor material does not
form a continuous layer where blind currents or bulk currents may pass between
the memory cells. Also here the y electrodes 4 may besides rest against an
electrical isolating substrate 3. The surface of the y electrodes will then, of
15 course, also be flush with the surfaces of the semiconductor material and the
first isolating material. In the embodiment shown in fig. 4 it is further possible
to implement a multilevel coding, such this shall be discussed in greater detail
below in connection with fig. 7b.

A third embodiment of the read-only memory according to the invention

20 isshown in fig. 5a. It differs from the two previous embodiments in that by the
semiconductor material 9 being provided in the form of semiconductor patches
10 in selected memory cells 5, and coding for instance the first logical value,
while the first isolating material 6 is provided over the semiconductor patches
10 and the open memory cells 5 in a substantially global layer. Also in the plan

25 view in fig. 5a this layer is for the sake of clarity deleted. The semiconductor
patches 10 are mutually isolated by the isolating material 6 and may hence be
anisotropic conducting semiconductor material, as blind currents or bulk
currents between the memory cells 5 will not be present. The contact areas 11
define as before the active portion of the semiconductor patch, said active

30 portion of course extending from the side edges of the y electrode and to contact
with the underlying x electrode in the memory cell. Also in the embodiment in
fig. 5a the isolating material may be provided such that it is flush with the
surface of the semiconductor patches 10 as shown in fig. 5b, and the y
electrodes 4 are resting against the substrate 3. Functionally and geometrically

35 the embodiment in fig. 5b does not differ from that in fig. 4b, but in the
embodiment in fig. 4b the isolating layer 6 with the removed portions 8 is first
deposued while the semiconductor material 9 thereafter is deposited in the
removed portions 8, for instance by first being provided as a global layer both
over the isolating layer 6 and the removed portions 8 and thereafter scraped off
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10 shown in fig. 6a. Here the semiconductor material 9 is deposited over the
electrode structures as a substantially global layer but with removed portions or
windows 17 in selected memory cells 5 such that a first logic state in binary
coding is only obtained in the memory cells wherein the semiconductor material
9 is provided and the contact areas 11 are present, while another logic state is
15 obtained in the memory cells which are located in a removed portion of the
semiconductor material. Over the semiconductor material a first isoléting
material 6 is now deposited in a substantially global layer which for the sake of
clarity, however, is deleted from the plan view in fig. 6a. Also here the isolating
material may be deposited only in the removed portions 17 in the semiconductor
20 material such that the surface of the isolating material 6 is flush with the surface
of the semiconductor layer 9, as shown in fig. 6b, while the y electrodes 4
simultaneously may well rest against the isolating substrate 3. It will easily be
seen that the embodiment in fig. 6b is geometrically and functionally analogue
to that in fig. 3b, as it is only the sequence of the arrangement of respectively
25 the semiconductor material 9 and the isolating material 6 which differs.

Also in the embodiment in fig. 6a it is possible to employ a multilevel coding as
this will be described in greater detail in connection with fig. 8b.

The embodiments in fig. 3-6 allow, as mentioned, a multilevel coding of data in
preselected memory cells. In this case it is presupposed that a semiconductor

30 material with anisotropic electrical conducting property is used, for instance in
the form of a conjugated polymer. The semiconductor material will then contact
respectively the x electrode and the y electrode in the contact areas 11 which
respectively are located along the side edges of the y electrode where it
intersects the x electrode. Each memory cells will hence comprise two contact

35 areas and have active portions which extend through the semiconductor material
aild between the y electrode along each side edge thereof and to the x electrode
over at least a part Aw of the width w of the x electrode. A multilevel coding of
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the not shown semiconductor material 9, such as is apparent from fig. 7a which
corresponds to the embodiment in fig. 3a, but with multilevel coding of
10 preselected memory cells. Fig. 7b corresponds to the embodiment in fig. 4a and
differs from the embodiment in fig. 7a in that the isolating material 6 is not
provided in the form of patches 7, but as a global layer with removed portions
or windows 8, wherein the not shown semiconductor material is provided and
contacts the x and y electrodes 2;4 in the memory cell at the contact areas 11
15 which are located under the semiconductor material and along the side edges of
the y electrode 4, such that the active portion of the semiconductor material
contacts the electrodes 2,4 over a contact area with a width Aw which is smaller

than the width w of the x electrode.

If the semiconductor material once more is provided over the memory cell in the

20 form of a semiconductor patch, contact areas 11 as shown in fig. 8a are obtained
with a width Aw which only comprises a part of the width w of the x electrode
2. The active portion of the semiconductor 9 extends between the electrodes 2,4
in the contact areas 11. This embodiment corresponds to that in fig. 5a. In the
same manner it may in the semiconductor material 9 in fig. 8b, which

25 corresponds to the embodiment in fig. 6a, be provided a removed portion or
window 17 such that there once more are obtained contact areas 11 with a width
Aw which is less than the width w of the x electrode.

By now adjusting the geometrical form of respectively isolator patches 7,
semiconductor patches 10 or the removed portions 8;17 in the isolating material

30 6 respectively the semiconductor material 9, the coding of data in a memory cell
may take place in several levels.

It shall be understood that the patches 7,10 and the removed portions 8,17 may
have a form which differs from that shown respectively in fig. 7a,b and 8a,b. It
is for instance possible to pattern patches and removed portions such that they

35 obtain the form of stripes respectively slots, but still are designed such that the
contact areas 11 which provide the desired levels in a multivalued logical code,
are obtained.
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10 respectively the x electrodes and y electrodes 2;4 may be manufactured as
semiproducts, i.e. without the isolating material 6 and the semiconductor
material 9. Such semifinished blanks may be stored awaiting data coding and
final processing. In the embodiment in fig. 6 the substrates may for instance be
fabricated in crystalline silicon. As known from NO patent application 973782,
15 which is assigned to the present applicant, a monolithic structure may be chosen
where active circuits which provide interconnections, logical functions, signal
routing, amplification etc. may be built into the silicon substrate and connected
directly with the x and y electrodes on the same substrate. The whole
construction apart from the uppermost semiconductor layer, may be completed
20 in succeeding process steps which without difficulty may implemented by
standard technologies for processing of semiconductors. The uppermost
semiconductor layer is applied globally. The semiconductor material used must
have suitable rectifying and conducting properties, while it is desirable with low
bulk costs, simple processing, long lifetime etc. and must be such that optimal
25 contact with the electrode structures is obtained. As semiconductor material
may for instance conjugated polymers either of the PPV or tiophene type be
suitable. Alternatively amorphous silicon or polycrystalline silicon may be used.
A particularly simple and cheap solution is obtained when the semiconductor
material is conjugated polymer which may be applied by doctor blading or by
30 spin coating, dip coating or meniscus coating.

It shall here be remarked that coding of data with the use of multi-valued code
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
35 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. 4b and fig. 5b, which easily will allow the memory
cells to be located with a greater area density and with maintenance of the
discrimination necessary to obtain a readout of data stored for instance in a
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In practice it_has turned .out that . .
P It maytbe exped?en to ?orm the semiconductor material from several

10 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 )
semiconductor material may be combined with or added an electrical conducting
material.

15 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

20 provided for instance on a silicon substrate 1 with integrated driver and control
circuits 13 is shown in fig. 9.

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. 10. Once again the
semiconductor substrate 1 of for instance silicon integrated with driver and

25 control circuits 13, is used. Along the side 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

30 15,...15, which 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
35 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 practice it has turned out that
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density in this way may be achieved. It will hence be possible to store some
10 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

15 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.

20 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

25 windows with positioning 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.

30
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conductor matrix comprises a first and a second electrode structure in respective
mutually spaced apart and parallel planes and with parallel electrodes (2, 4) in
10 each plane and provided such that the electrodes form a substantially orthogonal
X,y matrix wherein the electrodes (2) 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 an x electrode (2) and a
15 y electrode (4) defines a memory cell (5) in the read-only memory, wherein are
provided at least one semiconductor material (9) with rectifying properties in
relation to a selected electrical conducting electrode material, and a first
electrical isolating material (6), wherein the semiconductor material (9) in
electrical contact with an electrode (2, 4) in the memory cell forms a diode
20 junction in the interface between semiconductor material and electrode material,
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 either the
impedance characteristics of the semiconductor material or the impedance
characteristics of the isolating material, and the impedance characteristic of the
25 diode junction,
characterized in that the y electrodes (4) are provided on a second electrical
isolating material (12) which is realized as strip-like structures of substantially
same form and extension as the y electrodes (4) and provided adjacent to the x
electrodes (2) as part of the matrix, that the semiconductor material is provided
30 over the electrode structures, a contact area (11) in the memory cell (5) thus
being defined by the portions which respectively extend along each side edge
of the y electrode (4) where it overlaps the x electrode (2) in the memory cell
(5), that a first logic state of a memory cell (5) in the read-only memory is
generated by an active portion of the semiconductor material (9) covering the
35 whole contact area (11) of the memory cell, the diode junction thus comprising
said whole contact area of the memory cell, that a second logic state in a
selected memory cell (5) in the read-only memory is generated by both electrode
structures in the memory cell being covered by the first isolating material (6),
R AR D
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2. A read-only memory according to claim 1, wherein the read-only memory

10 constitutes a binary logic memory, characterized in 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 (5) wherein the
semiconductor material (9) contacts both the x electrode (2) and the y electrode
(4), and that the second or the additional logic states which correspondingly

15 shall represent either a logical 1 or a logical 0, is given by a selected resistance
value for the first isolating material (6) provided in a memory cell (5) wherein
the semiconductor material (9) does not contact 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 (5) 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
two or more additional logic states, characterized in that the first logic state is
25 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 either the x electrode
30 (2) or the y electrode (4) and the 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 first isolating material (6) in selected memory cells (5)
35 is provided over the electrode structures in the form of a separate layer-like

isolator patch (7) which wholly or partly covers the electrodes (2,4) in the

memory cell (5), a selected memory cell dependent on the active portion of the
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least a portion of the vol une between the i ntersection of ‘ap x el ectrqde
(2) and a 15 y electrode (4) defi nes a ry%(?mry cell ¢5). in the Peaq-;only
_memory, wherein are provided at |east one sem conduct o, mat,er i al,,(’9) Wi th

rectifying properties i,n relati,on cted. el ectric |ng

Gl ot r ode. mat exattacondteSs niat s s felGpdr Wit eh R Bhy ARG 1R o
the sem conducamumngerllogic {tate whichl cartesponds tmatend iniatthultirveluedtoodde (2,
4) in the nenory cell fornms a di ode 20 junction in the interface between

'sem conduct or gat erA&leaaI&lﬁhﬁﬁﬁér@%cﬁﬁdlﬁgIta|cla1ﬁﬂ§| wherein a logic state in

h I d
Coch 2o |5 SR o B A R e s 8
char act eri%t i celeofrodbetraetuiresindaigiabal teyteeand|besides loaver Hpeisalater patches (7) in

characteristic 14d1&d iemh | 9T erial, and the inpedance characteristic
of the 25 d&gﬁfunctlonﬁ&characi eri zed in that the y electrodes (4) are

B strip-11ke Lrructured ) ElmoS A RhI e sHibts ) 2o ot ensi on o the v
el ectrodes (4)characterized dre thatdhesemiconductes materigb(Pod@sovidedayepthe of the
matrix, that tiecgege §ﬁ'ﬁ@ﬂﬁ?é§£nd‘§(§ﬁ&érﬁ'to'tﬁe Rotot @tch (7) in the selected
10 memory cells (5), such that the semiconductor material (9) and the isolator
patches (7) mutually flush in a common continuous layer.

8. A read-only memory according to claim 1,
characterized in that the first isolating material (6) is provided over the
electrode structures in the form of a substantially global layer, and with

15 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/or the diode junction area in the latter case acquiring a logic
state which corresponds to a level in a multi-valued code.

20 9. A read-only memory according to claim 8,
characterized in that the semiconductor material (9) is provided over 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).

25 10. A read-only memory according to claim 8,
characterized in that the semiconductor material (9) is provided over the
electrode structures and adjacent to the isolating layer (6) in the selected
memory cells (5), such that the semiconductor material (9) and the isolating
layer (6) mutually flush in a common continuous layer.

30 11. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) in selected memory cells (5) is provided over the
electrode structures in the form of a separate layer-like semiconductor patch
(10) which wholly or partly covers the electrodes (2,4) in the memory cell (5), a
selected memory cell dependent on the active portion of the semiconductor

35 material (9) and/or the diode junction area in the latter case acquiring a logic
state which corresponds to a level in the multivalued code.
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°30 ‘over the electrode structures; a._-‘:cong act area (11) in the -nenpry cell
(5) thus being defined by the porti ons whi 93"1 Tespectively exterd_alrong each
side edge of the y electrode (4) where:it oOverlaps theix electrqge (2¥ in

eadionty’ el i 4 gRE PR, el 82ktiah 8 Biafin, f1 SPARArtedEad b ik BT
material (9) deolatinggnateeiaBes) beingprevidedwacr the dactrady sttictures memglopatel |,
the di ode junqggign &H&&&Wéﬁhegsﬁ%&dgg@é@aﬁgﬁ?ﬁgbzng lﬁ?e(%leéteetngﬁw

‘cell, that a setond logic state I1n a s I n
read-only ne 8 )'generat ed by both el ectrode structures in the nenory
cell being covered by the first isolating material (6), that one or nore

addi tionaP |odi% stéAtread-onlyamemasy yceerding &) claimt he charasterized imethet thei frst
gerer a1, Y, BB ARBA) (01 ghy RGOS Spletiel bt
y i d, ., SU i
"1 The henory e gemicaitararipsi) 0 in Aipectes meonntdin ki fudh sk be
first isolating material (6) and the semiconductor patches (10) mutually flush in
a common continuous layer.

10 14. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) is provided over the electrode structures in the form
of a substantially global layer (9) and with removed portions (17) in selected
memory cells (15), such that a removed portion (17) wholly or partly exposes
the electrodes (2,4) in a selected memory cell (5), said memory cell dependent

15 on the active portion of the semiconductor material and/or the diode junction
area in the latter case acquiring a logic state which corresponds to a level in a
multivalued code.

15. A read-only memory according to claim 14, characterized in that the first
isolating material (6) is provided over the electrode structures and the

20 semiconductor material (9) in a global layer and besides isolates the electrode
structures in the removed portions (17) of the semiconductor layer (9).

16. A read-only memory according to claim 14, characterized in that first
isolating material (6) is provided over the electrode structures and adjacent to
the semiconductor layer (9) in the selected memory cells (5), such that the first

25 isolating material (6) and the semiconductor layer (9) mutually flush in a
common continuous layer.

17. A read-only memory according to claim 1, characterized in that the
semiconductor material (9) is amorphous silicon.

18. A read-only memory according to claim 1, characterized in that the
30 semiconductor material (9) is polycrystalline silicon.

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

20. A read-only memory according to claim 19, characterized in that the
organic semiconductor (9) is a conjugated polymer.
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5 code, and that said one or rmrf_'e.aqldition_al | ogic states are given by
i npedance val ues determ ned by the extensi ok of the active partion of;the
sem conductor material, and the extensi-on of the part.of the contact . area

“which forms t di oge jynction. 2. A..r ead- onl mor v, accerdi,ng .o claim
T eher ot heotandhdsrd i Bikmdry accofhE R0 bR 1 BRRheteRZFE I M HE
characteri zed semichaductor niaterdal (99 d$ an enisotropit condictdmr represents a

logical O or a logical 1, is given by the effective forward bias resistance
‘of a diode forpkd iA read®nly memedry dcebrdihgheichaiimhe, deiracterided imtharaheri al

9 tacts both th | A 2 h d that th
Second or the SicProRdP PP Fab e s B BB PR e T
t eith | ogi gal 1 | ogical 0, i ' b | egt ed
resi stance val 4 f oh IAG-OBLY siemary) agepringds laim L Gerpstatzesin Matahsrenor y
cell (5) wher esemicbadector aciehiglt(9) hambeen aldéddr dombined withrinaglecteicaher t he

X electrode (2 L ectrode (4). 3. A read-only nmenory accordi ng
to claim 2, ZOeorﬁfug‘LllggaI%:{%tglr‘lgged in that the isolating material (6) in a

memory cell 5%4.haSAiax'gad-only memory according to claim 1, characterized in that the

semiconductor material (9), the isolating material (6) and the electrode
10 structures are realized as thin films.

25. A read-only memory comprising one or more read-only memories (ROM)
according to claim 1-24, 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
15 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.

26. A read-only memory comprising two or more read-only memories
according to claims 1-24, characterized in that the read-only memory is stacked

20 in layers in order to provide a volumetric memory 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 circuits (13) for driving and
addressing, said driving and control circuits (13) being integrated with the

25 substrate (1) or the substrates (1;3) and realized in a semiconductor technology
compatible with the substrate material.
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infinite resistance val ue. 4. A read-only nmenory according to claim1,
wherein the read-only nenory is realized as a nultilevel |ogic nenory wi'th
two or nqgéggggi ional logic states, characterized in that the first logic
state is ven by the effective forward bias resistaRE&NIBR0¥Hode -
formed in a menory cell (5) wherein the sem conductor material (9) contacts
both the x and the y el ectrodes (2,4ﬂ,§pnd that the additional |ogic states
are given by determ ned resistance val’des for the isolating naterial (6)
provided in a nenory cell (5) wherein the sem conductor material (9) at

nost contacts either the x el ectrode 30 (2) or the y electrode (4) and
the determ ned resistance value in each case |ies between the effective
forward bias resistance of a nmenory cell (5) fornmed with a di ode, and ——
infinite. 5. A read-only menory according to claim1, characterized in
that the first isolating material (6) in selected nenory cells (5) 35 i's
provi ded over the el ectrode structures in the formof a separate |ayer-1like
i solator patch (7) which wholly or partly covers the electrodes (2,4) in

t he
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menory cell (5), a selected nenory cell dependent on the active portion of

the. 20 sem conductor material and/or the diode junction area in the
latter caggogsstdsring a logic state which corresponds to a é&h '
mul ti-val ued code. 6. A read-only menory according to CFE? ?hgﬂﬁ

characterized in that the sem conductor material (9) is provided over the 5
el ectrode structures in a global |ayel/@nd besides over the isolator
patches (7) in the selected nenory cells (5). 7. A read-only nenory
according to claimb5, characterized in that the sem conductor material (9)
is provided over the electrode structures and adjacent to the isolator
patch (7) in the selected 10 menory cells (5), such that the

sem conductor ‘'material (9) and the isolator patches (7) nutually flush in a
common conti nuous | ayer.

Fig.2
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8. A read-only nenory according to claim1l, characterized in that the
first isolating material (6) is provided-over the electrode structures in
the'forn1 stantially global layer, and with 15 renoved portions °
(8) in se égé‘%‘%germry cells (5), such that the renoved po?’t’-‘T’Hﬁ”%gﬂ?ﬂy OFf
partly exposes the electrodes (2, 4) |n a selected nenory cell (5), said
menory cell dependent on the active i on of the sem conductor materi al
(9) and/or the diode junction area in t e latter case acquiring a logic
state which corresponds to a level in a nmulti-valued code. 20 9. A
read-only nmenory according to claim8, characterized in that the

sem conductor material (9) is provided over the electrode structures and
over the isolating layer (6) in a global layer and besides contacts the

el ectrode structures in theﬁrennved pogtions of t@e i solating | ayer (6). 25
10. A read-only nmenogy-Rps Tlai fhafMdcterized in that the
sem conductor material (9 ?#gctrode structures and

adj acent to the isolating

;
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menory cells (5), such that the sem conductor material (9) and the

I solating layer (6) nutually flush in a conmon continuous | ayer. 11.
A read-o y according to claim1, characterized in t

sem cond&lc(%@or ?r%{e“ al (9) in selected nenory cells (5) i si’g?)&? g@b‘z%ver -
the el ectrode structures in the formof a separate |layer-1like sem conductor
patch (10) which wholly or partly coﬁhﬁ% the electrodes (2,4) in the nenory
cell (5), a selected nenorg cell dependent on the active portion of the

seni conductor 35 B nadetebial (9) ahd/o§ the di odd junction area in the
latter case acquirilng 4 logic state fwhigh correspofids to a level in the
mul tival ued code. . reads o YNaCGORY1 laim 11
characteri zed t t | RSTNT 30! i al 6 [ hfgvided over
t he el ectroge ' . ' tﬂf

sem conduct Br t che & t he d& d nenor :
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5 13. A read-only menory according to claim 11, characterized in that
the first isolating material (6) is provided over the el ectrode structures _
and adjaqﬁﬁhgéam%he sem conductor patches (10) in the selected nenory cells
(11) such that the first isolating material (6) and the se®CIOHAFA0 .
patches (10) mutually flush in a commobn continuous |ayer. 10 14. A
read-only menory according to claim 1§5/@haracterized in that the

sem conductor nmaterial (9) is provided over the electrode structures in the
formof a substantially global layer (9) and with renoved portions (17) in
sel ected nmenory cells (15), such that a renmoved portion (17) wholly or
partly exposes the electrodes (2,4) in a selected nenory cell (5), said

menory cell dependent 15 on the active portion of the senrctonductor

mat erial and/or the diode junction area in the |ajter case acquiring a

| ogi ¢ state which corrdsppfidslto vel | i n adml kT Yhl ued code. 15. A ,
read-only menory accordi ngffiplcl ai m{1&:3 characterfzlep in that the first

i solating materi al ; 1% 0) 14 =2 ctures-and the 20
sem conduct or mate e sol ates the

el ectrode

Fig.4a

SUBSTITUTE SHEET (RULE 26)



structures in the renoved portions (17) of the sem conductor |ayer (9). 16.
A read-only nmenory according to claim 14, characterized in that first

i sol ati ngygede7ksl (6) is provided over the el ectrode struc @ %}Jg

adj acent to the sem conductor |ayer (9) in the selected new i 64(5),—
such that the first 25 I solating material (6) and the sem conduct or
layer (9) mutually flush in a cormmon @48 inuous layer. 17. A read-only
menory according to claiml1, characterized in that the sem conductor
material (9) is anorphous silicon. 18. A read-only nmenory according to
claim1l1, characterized in that the 30 sem conductor material (9) is
polycrystalline silicon. 19. A read-only nenory according to claim1,
characterized in that the sem conductor material (9) is an organic -—-——
sem conductor. 20. A reagso cording o claim19, characterized
in that the organi ¢ sedishfiii¢ a cofiu§ ™M pol yner. AVENDED SHEE
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22 21. A read-only nmenory according to claim1,

sem conductor nateri al

menory according to claiml,
material (9) has been added or conbi

(9)

characterized in that the

IS an anisotropic conductor. 22. A read-only

menory ags 9(){'648 to claim1, characterized in that the sem conductor
mat eri al (‘% %’pri ses nore than one seniconductor. 5 FET/NQISO8264- onl y

characterized in that the sem conduct or
with an el ectrical conducting

material. 24. A read-only nmenory according to claiml, characterized in

that the sem conduct or

material (9), the isolating material (6) and the

el ectrode 10 structures are realized as thin films. 25. A read-only
nore read-only nenories (ROM according to claim
1-24, characterized in that the read-only nenory (ROM is provided on a

nmenory conprising one or

substrate (1) of sem conduc
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(1;3) of sem conductor material and via the substrates connected with
driver "and 15 control circuits (13) for driving and addressing, said
driving ol circuits (13) being integrated in thelﬁﬁﬁ 1) or
t he subst%tg%ggggéjl; 3) and realized in a sem conductor techno 595‘2@ 61{’:1“ bre
with the substrate material. 26. A read-only nenory conprising two or nore
read-only nmenories according to clai8f91-24, characterized in that the
read-only menory is stacked 20 4 in layers in order to provide a

vol unetric nmenory devjce, that tle volunetric nmenory device is provided on
¥Ht erj.al or between substrates (1;3) of

a substrate (1) of se&i condyct of: ke
senm conductor material and Nha trate or thd substrates connected
arr ing angaddr essi ng, said

with driver and confrol circul &8
driving and control ocircui t RS> JW h the 25 substrate
(1) or the substrat : SRR 0

nduct or technol ogy
conpatible with the substrg
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