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* A ferroelectric data- proc};:mssmth ' The present invention

- concerns aw@bipghectric dimﬂﬁ\‘w devi ce, ~ part ipgdieddsotor

- processing and/or storage tivel or passive el ectrical
addressing, conprising a data-carrying mediumin the formof a 5 thin

. filmof ferroel e%trl c.material, where|in the ferroelectric materi al by an
| applied el ect rifs TeXTOEleGiElC ‘A%&aapﬁmémm&fiewea second pol ari zation state by

bei‘ng .
The present invention concerns a ferroelectric data processing device,

particularly for processing and/or storage of data. with active or passive

electrical addressing, comprising a data-carrying medium in the form of a thin
5 film of ferroelectric material, wherein the ferroelectric material by an applied

electric field may attain a first or a second polarization state by being switched

from a disordered state to one of the polarization states or from the first to the

second polarization state or vice versa, wherein the ferroelectric material

comprises logic elements, and wherein a polarization state assigned to a logic

10 element represents a logical value of the logic element

The present invention also concerns a method for manufacturing an
embodiment of the ferroelectric data processing device, as well as a method for
addressing of logic elements in a ferroelectric data processing device, wherein
the logic elements are provided in an electrical connected passive matrix,

15 particularly for processing and/or storage of data with active or passive
electrical addressing, depending on whether an addressing operation causes a
change in a polarization state possibly already present in the logic element,
comprising a data-carrying medium in the form of a thin film of a ferroelectric
material, wherein the ferroelectric thin film by an applied electrical field may

20 attain a first or second polarization state and is switched from a disordered

~ state to one of the polarization states or from the first to the second
polarization state or vice versa, wherein the ferroelectric thin film is provided
as a continuous layer in or adjacent to respectively a first or second electrode
structure and comprises the logic elements which contact electrodes in this

25 first and second electrode structure, wherein a polarization state assigned to a-
logic element represents the logical value of the logic element, and wherein the -
addressing comprises steps for writing, reading, erasing and switching of data
in the logic element.

Generally the invention concerns data processing devices with logic elements
30 implemented in a ferroelectric material. The phenomena of ferroelectricity is
in this connection supposed known by persons skilled in the art, as the field is
comprehensively treated in the literature, for instance in J.M. Herbert,
Ferroelectric Transducers and Sensors, Gordon and Breach, 1982, wherein in
PP. 126-130 there is proposed using a ferroelectric memory based on single
35 crystals of barium titanate provided between orthogonal electrodes in an X,¥
electrode matrix. The author concludes that there are substantial practical
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article by Kepler and Anderson. There are for instance from J.F. Scott,

10  Ferroelectric memories, Physics World, February 1995, pp. 46-50, known data
storage devices based on ferroelectric memory materials. They all have in
common that at least one transistor is necessary in each bit location or memory
cell. In the most common embodiments the ferroelectric material is used as a
dielectric in the associated memory circuit and comprises a bit-storing

15 capacitor. Due to the high dielectric constant of ferroelectric materials, the
capacitor may be made much smaller than otherwise possible and will
additionally provide a quite superior charge lifetime. Recently the development
has focused on another property of ferroelectric materials, namely their ability
to be polarized electrically when they briefly are subjected to a strong electric

20  field. During the polarization process the dipoles of the ferroelectric material
attains a preferred orientation, something which results in a macroscopic
dipole moment which is retained after the removal of the polarizing field. By
thus including the ferroelectric material in the gate electrode structure of a
field effect transistor in the memory cell circuit, the transconductance

25 characteristics of the transistors may be controlled by controlling the )
polarization state of the ferroelectric material. The latter may be switched, for
instance by polarizing fields with a direction which either causes a
transconductant state "on" or "off" in the transistor.

EP patent 0 721 189 discloses a ferroelectric memory with discrete memory

30 cells provided in an electrode matrix. In addition to a discrete ferroelectric
capacitor each memory cell also comprises switching means, preferably in the
form of at least one transistor. The discrete memory cells hence do not form a
passive matrix. With discrete memory cells it shall here be understood that the
ferroelectric capacitor is formed by a discrete component, such that the

35 ferroelectric material cannot form a continuous layer in the marmrix. There are
provided separate data and selection lines and the read-out of a stored datum
may take place in current or voltage mode on data lines provided for this
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t he 5 fivaratien epfnecokbthe dataysignallines isminemizeter at ure, for instance
in J.M Herbert, Ferroel ectric Transducers and Sensors, Gordon and

Breach, 1982, UShpatenn5is92 409 concerns a non-volatile ferroelectric memory wherein

' data may be read out without destruction. The memory cells are included in an
active matrix and are formed as transistor structures therein, wherein the gate
electrode makes one of the electrodes in a ferroelectric capacitor. It is evident

10 that the ferroelectric capacitors are discrete components. The polarization of °

the capacitor takes place in an as per se well-known manner, but by the read--
out which takes place in current mode it is the drain current that is detected,
this in order to prevent the stored data from being erased.

Even if the use of ferroelectric materials as mentioned above represents

15 substantial improvements relative to alternative technologies for storage of
data, the basic architecture of ferroelectrically based memories is directed to
the use of active microcircuits included in each memory cell. This has negative
consequences for the achievable data storage density, i.e. the number of bits
which may be stored on a given surface area, as well as for the cost for each

20 bit stored, something which partly may be due to complicated manufacturing
technology and the use of active semiconductive components.

It has also been shown that ferroelectric polymer materials may be used in
erasable optical memories. M. Date & al. has in the paper "Opto-ferroelectric
Memories using Vinylidene Fluoride and Trifluoroethylene Copolymers”, )
25 IEEE Trans. Electr. Ins., Vol. 24, No. 3, June 1989, pp. 537-540, proposed a
data medium comprising a dye-doped vinylidene fluoride trifluoroethylene
copolymer with a thickness of 2um, spin deposited on a ITO coated glass
plate. The information is written as sequences of positive and negative
polarizations generated by irradiating with a focused laser beam with a
30 diameter of about 5 um in the presence of sign controlling electric fields. The
data is read out pyroelectrically by scanning with a laser beam. A carrier/noise
ratio of 48 dB has been obtained by using a regularly repearting data train in
the form of 0/1-state with a pitch of 20 um and with the use of a laser power of
12 mW and field swrength of 25 MV/m. The reading speed was then 100 mmy/s.
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information storggfch MmaybeSusddRraeARSRG eithet biSaBIsRitches 8P m&HbMeYells in a
data processing device or to provide a purely ferroelectric data storage device
which offers the possibility of storing a very high number of bits in an area
5  unit and which at the same time may be produced in simple manner in high
volume with low cost, such that the above-mentioned disadvantages of the
prior art are avoided.

,. This object is achieved according to the invention with a ferroelectric data

; processing device which is characterized in that the ferroelectric thin film is

| 10  provided as a continuous layer in or adjacent to respectively a first and second
electrode structure, that the first and the second electrode structure each
comprises substantially mutually parallel suip-like electrodes, such that the
electrode structures mutually form a substantially orthogonal x.y marrix,
wherein the electrodes in the first electrode structure constitute the columns of

15 the electrode matrix or the x electrodes and the electrodes in the second
electrode structure the rows of the electrode matrix or y electrodes, and that a
portion of the ferroelectric thin film at the intersection between an x electrode
and a y electrode of the electrode matrix forms a logic element such that the
logic elements jointly form an electrically connected passive marrix in the data

20 processing device; a method for manufacturing of a ferroelectric data
processing device being characterized by successive steps for depositing a first
electrode structure on a substrate, depositing a laver of electrical isolating
material over the first electrode structure. depositing a second electrode
structure over the isolating layer, removing the isolating layer where it is not

25 covered by the second electrode structure. such that the electrodes in the first
electrode structure is exposed except in the intersection between the electrodes
of respectively the first and the second electrode structure, and depositing a
ferroelectric thin film in the form of a conunuous layer over the electrode
structures; and a method for addressing a ferroelectric data processing device,

30  being characterized by the step for writing comprising applying a voltage to
the logic element and polarizing the ferroelectric thin film of the logic element
to a positive or a negative polarization state which respectively corresponds to
a logical 0 or a logical 1 or vice versa, by the step for reading comprising
applving a voltage to a logic element and detecting the charge transfer berween

35 the electrodes in the logic element in the form of a current value, which
uniquely indicates the logical value. by the step for erasing comprising
applying 1o all logic elements in the data processing device a voltage which
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According to the invehtion_ in one embodiment the ferroelectric thin film is

10  preferably provided between the first and the second electrode structure and _'
the logic element is formed in the intersection between an x electrode and a y
electrode.

According to the invention in another embodiment a layer of electrical
isolating material is preferably provided between and adjacent to the electrodes

15 of the first and the second electrode structure, the ferroelectric thin film being
provided in the form of a continuous layer over the electrode structures on
one side thereof and the logic elements are formed respectively in a portion of
the ferroelectric thin film at the side edges of a v electrode at the intersection
between the x electrode and the v electrode.

20 In the method for manufacture of the ferroelectric data processing device it is
according to the invention advantageous that the substrate is formed of a
crystalline, polycrystalline or amorphous semiconducting material. for instance
silicon. -

In the method for addressing of a data processing device according to the

25  invention it is particularly preferred applying a voltage which berween the
electrodes of the logic element generates a field strength which is more than
twice the coercivity field of the ferroelectric material. According to the
invention it is preferred that the current detection in the reading step takes
place either by sampling in the time domain or in a time window dependent on

30 the samration time constant of the polarization. Advantageously the current
detection, particularly in the latter case, takes place by a level comparison.

It is according to the invention also preferred that the current detection in the
reading step is verified in an immediate following step by applving 10 the logic
element a voltage corresponding to the voltage used in the reading step. but of

THIS SHEET HAS BEEN
1 REPLACED




]

: : : is Sheet Has Been Replaced . , :
wi th a passive el ectrode ' essing (see fig. 10 of

paper), WO MR pat mmuﬁ : | dyout of all later feﬁ‘?@g*’é’g %
menory devices with I addressi ng. They even hint at the
use of transistors for swi tching, but forming an active nmenory cell
with a swtching transistor and 20 W th sufficiently small di nension

~woul'd hardly be pppasitecpolaticy,carel by detedrimgsthe charge afansfenbetweennhe eteciioted
ef fect transistofs : | (o) ta-carrying nediumis
a ferroelectric {I}a eerliogfc ?lﬁm%%tqﬁ%% 25;%?8?% ééﬁtg#i\ﬁalﬂ% m Such _
ferroelectric thin filns i ch,.ei t her may, be . I norgani c, ceranjc
materials, pol yngr]@céFeH i IEF?P*‘%P&@&(%T m&mcw gestrugtign @f)ﬁéaﬂlﬁe
and it may in thigredinartlogic BRnieteitli€dctordifig t81RY tnvention prefefted tH8Ckhe
article by Kepl e{ and, Ander.son. There are [f ot |nsta§fc=$ fromJ.

F, .
Scott, Ferroel ectd®t emtilég?sﬂi’ﬁ9§?sd§l logic pgks atey theyewrephdetggtiop in the
known data st or agepdey reatink s edrifivationtyehpplying tore@logiowlethent & voltagy

which restores the initial polarization state of the logic element.

Further features and advantages will be evident from the additional appended
dependent claims.

10  The invention shall now be explained in a more detail in connection with
examples of embodiments of both the data processing device and the method
and with reference to the accompanying drawing, wherein

fig. 1 shows a first embodiment of a ferroelectric data processing device
according to the invention, seen in plan view,

15 fig. 2 the data processing device in fig. 1 in a schematic section taken along the
line A-A in fig. 1,

fig. 3a a plan view of a logic element in the data processing device in fig. 1,
fig. 3b schematically the polarization of the logic element in fig. 3a,

fig. 4 a second embodiment of the data processing device according to the
20 invention, seen in plan view,

fig.5 the data processing device in fig. 4 in a schematic section taken along -
line A-A in fig. 4,

fig. 6a a plan view of a logic element in the data processing device in fig. 4,

fig. 6b schematically the polarization of the logic element in the data
25  processing device in fig. 3,

fig. 7 a typical hysteresis loop for the polarization of a ferroelectric copolvmer
material,

fig. 8 a diagram of the time response of a detected outpur signal,

fig. 9 a diagram of the switching characteristics of a ferroelectric copolvmer
30 material,
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fig. 11 the data processing device corresponding to that in fig. 10 and arranged
in stacked layers in order to implement a volumetric configuration.

In the following examples of embodiments of the ferroelectric data processing
device shall be disclosed in connection with data processing devices with the
logic element configured as memory cells, i.e. the device in its entirety
implementing a data storing device. Similarly there shall in the following only
be referred to the use of passive electric addressing of the individual logic
element. |

Fig. 1 shows a data storage device with a ferroelectric thin film 1 provided
between a first and a second electrode structure. The first and the second
electrode structure form as shown in the plan view in fig. 1 a two-dimensional
x,y-matrix with the electrodes 2 of the first electrode structure as columns in
the matrix or x electrodes and the electrodes 3 in the second electrode structure
as rows in the matrix or y electrodes. Electrodes 2, 3 are connected to
respective driver and control circuits 5 for driving the electrodes and detection
of output signals.

The electrodes 2.3 and the ferroelectric thin film are as shown in section in fig.
2 taken along the line A-A in fig. 1, provided in sandwich configuration
between a not shown overlying and underlving substrate which for instance
may consist of crystalline silicon. The substrates are for the sake of clarity also
left out in fig. 1. Between the respective substrates and the electrodes 2. 3 and
the ferroelectric thin film 1 there may be provided not shown layers of -
electrical isolating material. As the substrates themselves have been made in
semiconductor material, the driver and control circuits 5 may advantageously
be made integrated with the substrates in a compatible technology, for instance
along a side edge of the data processing device as suggested.

Fig. 3a renders enlarged the intersection between an x electrode 2 and a y

electrode 3 as well as the active area 4 which contitutes a logic element in the

ferroelectric thin film 1. This active area 4 will, when applying to the
electrodes 2. 3 a drive voltage which generates an electric field berween the x
electrode and the y electrode 3. be polarized electrically in a direction which is
determined by the sign of the drive voltage or the polarization voltage. The
logic element 4 with the active area in the ferroelectric thin film 1 berween the
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between the x electrode 2 and the y electrode 3. The detection of the
polarization state, i.e. whether it is positive or negative, may now quite simply
take place by passively addressing the logic element 4 with a voltage and by
detecting the polarization state as representative for a determined logic state in

10 the logic element 4 by the charge transfer between the electrodes 2, 3 dunng
the addressing, hence in current mode. The output signal is registered by the
control circuits and corresponds to the reading of the logical value assigned to
the logic element 4 or memory cell by its present polarization state. This shall,
however, be discussed in more detail in connection with the following

15 description of the method for addressing.

Another embodiment of the data processing device according to the invention
is shown in fig. 4. Herein the electrode structures are realized in a bridge
configuration which, however, is known from NO patent application 973390,
filed 17 June 1997 and assigned to the present applicant. As before. the

20 electrodes 2; 3 in each structure are provided above each other in a matrix-like
configuration and between not shown substrates which once again may be of
crystalline silicon, as it is shown by the section in fig. 5 which is taken along
the line A-A in fig. 4. In contrast with the preceding embodiment the
ferroelectric thin film 1, however, is provided over the electrode structures.

25 The electrodes 2 of the first electrode structure are electrically isolated from
the electrodes 3 in the second electrode structure by providing a layer 6 of
electrical isolating material in the intersection between the electrodes 2, 3. The
active area in the ferroelectric thin film 1 and which comprises the logic
element 4 itself, will thus appear as shown in plan view in fig. 6a and in

30 section shown in fig. 6b taken along the line B-B in fig. 6a. In fig. 6b also the
polarization of the active area is shown for a corresponding polarization as in
fig. 3b, but with the field lines curved along the side edges of the isolation
layer in the active area. The drive and control circuits may be realized in
semiconductor technology and provided in the not shown semiconductor

35 substrate or as separate circuit modules 5 provided along the side edges of the
matrix as disclosed by fig. 4 and 5.
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data signal li neiatn%g material is now etched away, such that the electrodes 2 in the first
electrode structure still are completely electrically isolated from the electrodes
10 3 of the second electrode structure at the intersection of the electrodes, but else
exposed. The ferroelectric thin film 1 is now provided over the electrode |
structures before all parts possibly also are covered by an overlying substrate.
Otherwise the embodiment is wholly similar to that shown for the data
processing device in fig. 1 and 2. One advantage of the embodiment in fig. 4
15 and 5 is that the electrode structures and the accompanying connections and
driver and control circuits are provided on for instance crystalline silicon
substrates before the ferroelectric thin film is applied. Hence the different
process steps which are included in the manufacturing of the active circuit
elements in semiconductor technology may be performed without disturbing
20  the ferroelectric thin film which for instance may be a polymer with a limited
temperature tolerance.

EP patent No 0 721 18%1d$hsetma % oel ectric menory with discrete
e

There are a number of ferroelectric materials which may be used in the
ferroelectric thin film. The ferroelectric material may e.g. be an inorganic
ceramic material as lead zirconate titanate. a ferroelectric liquid crvstal

25 material or thin films of polymers. One instance of the latter is a copolymer of
vinylidene fluoride (calied VF2 or VDF) and trifluoroethylene (C,F:H, called
TFE) where the relative content of each component in thin film may be varied
in order to obtain different properties. Such copolymers may typically have a
low coercivity field and show a more square hysteresis loop than which is the

30 case for pure vinylidene fluoride polymers,

The switching characteristics of ferroelectric polvmers realized as vinylidene
flouride/triflouroethylene copolymers are discussed in a paper by Y. Tajitsu &
al. with the title "Investigation of Switching Characteristics of Vinylidene
Fluoride/Triflouroethyvlene Copolymers in Relation to Their Structures”,

35 (Japanese Journal of Applied Physics. 26, pp. 554-560 (1987)) and shall be
regarded as a general reference in connection with the following description of
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for instance made of ﬁhylide_ne fluoride/trifluoroethylene copolymer.

5 Polarization in C/m’ is shown on the y axis and the interelectrode field
strength in V/m on the x-axis. The ferroelectric thin film between the
electrodes will initially be in a disordered or unpolarized state and be polarized
when applying to the electrodes a voltage which generates a field strength
between electrodes greater than the coercivity field of the ferroelectric

10  material. The ferroelectric material will dependent on the sign of the
polarization voltage attain an electric polarization with preferred orientation
"up" represented by the point I or the hysteresis loop or "down" represented by
point II on the hysteresis loop. The polarization states I and II may also be
used to represent a logic 0 or a logic 1 or vice versa. It shall be remarked that

15 the concepts "positive”, "negative”, "up", "down" of course, must be regarded
as conventionally normative, as they are determined as soon as a determination
has been made as to what shall be regarded as the positive or negative
electrode or the polarization "up" or the polarization "down". A corresponding
convention will be valid for the choice of which polarization state which shall

20  be regarded as logical 1 or logical 0, and this should not lead to problems
provided a determined protocol is strictly adhered to.

Consequently a logic element of a ferroelectric material which are in one of

two polarization stages may represent a logic 0 or 1 or a binary 0 or 1 and be

implemented as either bistable switches in a data processing device or .
25 memory cells in a data storing device. The polarization of the logic element 10

a determined state represent in other words writing of data to this logi¢

element. '

It may be mentioned that the polarization of suitable ferroelectric materials
used in a logic element may take place at room temperature and with high

30 speed by choice of suitable ferroelectric materials and the use of a
correspondingly high field strength by the polarization voltage applied to the
electrodes of the logic element. When the ferroelectric material is provided as
a thin film, this comports a number of advantages. As soon as the logic
element, i.e. the ferroelectric thin film material in the logic element has been

35 given a preferred polarization, this polarization state will last for an indefinite
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- ferromagnetic demagnetization by running the logic element through a cyclic
5 depolarization field. Strong heating of the logic element also may lead to a
destruction of the polarization state by the electric dipoles loosing their
preferred orientation.

4 Even i f the i‘ as een lgc%&rl c materials as nenti oned above

The polarization direction along the hysteresis loop when applying a
polarization field is indicated w1th the arrows between the points I and I'\ a.nd
10 Vand VL

The readout of data from the logic element shall now be discussed in
somewhat greater detail, also in connection with the hysteresis loop shown in
fig. 7. Once more references to expressions such as logical 0 and logical 1 or
"up" or "down" shall be avoided and there shall only be spoken of positive or

15 negative polarization, represented respectively by the portion of the hysteresis
loop which is located above the x axis and the portion of the hysteresis loop
which is located below the x axis. If the logic element now is in a positive
polarization state, represented by the point I on the hysteresis loop, the readout
takes place by applying to the electrodes a voltage which preferably generates

20 a field strength of about two times the coercivity field or more. The
polarization of the logic element will hence move from the point I to III,
provided that the read voltage has a positive sign. Due to the form of the
hysteresis loop which in this case is very close to being square, a change of the
polarization state from I to III will lead to a wholly insignificant charge

25 wransfer between the electrodes, and by the detection of charge transfer
‘between the electrodes in the connected control circuit a very weak current
signal will be obtained. If the logic element, however, is in a negative
polarization state, represented by the point II on the hysteresis loop, the
detected output current will by applying to the electrodes a positive voltage for

30 the readout, first rise insignificantly and thereafter give a very sharply defined
transient current pulse which represents the course between the points V and

" VI on the hysteresis loop where the charge transfer is large. Between the

points I and II on the hysteresis loop the circumstance of a relatively flat
hysteresis loop in other words will imply that the polarization only changes

35 very little during the application of a positive voltage field, while the change
during the application of a corresponding positive voltage when the logic
memory element is at point II on the hysteresis loop will cause a very large
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" exceeding a logical 0 represented by the polarization state in the point I on the vstere51s
loop and a logical 1 correspondingly represented by the point II on the
hysteresis loop. The points III and IV on the hysteresis loop represent the
saturation state for respectively the positive and the negative polarization, and

10 when the applied electrical field is removed, the polarization will drift back
respectively from III to I and from IV to II on the hysteresis loop. It shall, of .
course, be understood that in order to drive the polarization from I to III the
field must according to the convention followed here be positive. while it for

~ driving the polarization from state II to I'V correspondingly, of course, must be - '

15 negative.

Now it shall be remarked that the readout or the detection of the polarization
state at II.will be destructive, as the logic element after the readout arrives in a
polarization state represented by the point III and thereafter drifts back to the
stable state at I. If the readout of the polarization state took place when the
20 logic element already was in I, this polarization state will, of course, be
retained. After a readout of the data storage device based on ferroelectric
memory cells according to the invention, information hence may be regarded
as destructed by all memory cells in the storage device being in the same
logical state, either O or 1. In practice, this of course, corresponds 10 an erasing
25 of information and need not have negative consequences if the stored
information only shall be read once or if readout only is required in a
particular application. If the original information still shall be stored, it will,
however, be necessary with a reset or refresh. This may take place by
switching the logic element which originally was in the polarization state II
30 but which after the readout will be in the polarization state I, back to the
polarization state II by applying a negative voltage for the reset and preferably
with the same field strength as in the readout. The polarisation will then take
place along the hysteresis loop from I to IV, where the field is turned off and
the logic elements drift back to the original polarization state at II. The reset of
35 a logic element to the original polarization state after a readout, which
destructed this state, can automatically take place by suitable verification and
monitoring procedures implemented over the control circuits of the data

THIS SHEET HAS BEEN
REPLACED




predet erm ned va SheftﬂHaS(ﬂetﬂEeplaceaul ating film Wen L0
turned of f wPH’é’l?]i"Pm re ting property and retWB%’é{e&g
reof 33According to Isono & al. the

charges by prevent
fil'mshall have 25 non- Ilnear curren vol tage characteristics and

provides a high wite speed : wi t hout a high operation voltage due to
a large part ofprobessing devicerarahinayfforfiastance be sofswhrd cowrbiltdabeording to a

the merory cel FEadditmroldicl. BoF EaffanBd'afbrd WAl ip the redel o¥he oliusaiimn s
“in the nmenory detol ILrisdothes wordssnahk swdtelnng oftthe palarizatiGo state lDSombé ent
1B 2,275 %52 it B RorRaBke o8 ufb ) AR GE A i o AL
passi ve el 8ct r dhis may then gonstitute ghe verification sigpal. Also\a crmledtateadent ofithe
e R M B A SHER)Sopli S o
_. voltage w1 opposite sign and reading a strong current signal, but the logic
element will then be switched from I to II and must hence be reset. It will in
other words quickly be realized that dependent on the initial polarization states
10 and a possible destruction during the readout, the use of verification | _.
procedures and reset procedures will be interchangeable. In order to easier _
show this it may be referred to the accompanying table which discloses signs
for the applied voltages during the respectively readout, verification and/or
reset, as well as resulting currency pulses denoted as low or high according to
15 whether the polarization state is changing along the loop from I to III, possibly-
from IV to II, or from I to IV, possibly from II to III.

The procedure for read-out of data as discussed herein is regarded in spite of
the destruction as very advantageous when using ferroelectric materials with a
nearly square hysteresis loop, as is the case for VDF-TFE as it gives a reliable

20 detection and verification and the reset partly takes place spontaneously or in
combination with verification. A pure small-signal detection, for instance
between II and V, is in this case more problematic with regard to
discrimination and requires an accurate control of the read voltage. If the
hysteresis loop on the contrary has a more gentle course between Il and V. and

25 between V and VI, small signal detection may yet be used and reliable
detection be obtained without reaching the saturation stare III, while the
absence of a sharp voltage threshold at V makes it easy to avoid a destructive
read-out.

As already stated the form of the hysteresis loop which is dependent on the

30 material, will be of iniportance for the response which is detected in a
readout. As the hysteresis loop is depicted in fig. 7, it will be advanrageous
that the read voltage or the applied electric field which is used for detecting
the polarization state is in the form of a threshold voltage, i.e. attains its
maximum value immediately. Dependent of the polarization response and/or

35 the time constant of the polarization it may be justified using a ramp voltage,
i.e. a voltage which continuously increases to the desired maximum value
which preferably will be twice the coercivity field or somewhat more.
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dielectric materials vary linearly with the field strength and appear instantly on
application of the voltage, which also is the case of the resistive components.
The resistive current components will further be present as long as the field is
applied to the logic element. It will hence in every case be possible with a
10 distinct discrimination to discern between the polarization state Ior
polarization state II. By the detection of the polarization state II on the i
hysteresis loop and the use of positive read voltage the polarization will move
from II to III and the output current, the displacement current and the resistive
current component will have a response as shown in fig. 8. The transient in the
15 output current reaches a peak with a delay At after application of the read
' . voltage and appears in a time window t; which dependent on the sign of the
field corresponds to one of the two steepest portions of the hysteresis loop of
fig. 7. As will be seen, the current signal is distinctly discriminated relative to
the displacement current and the resistive current component. The detection
20  may take place by sampling or as a level comparison, for instance in the time
| window t, which here for instance falls between V or VI on the hysteresis
loop. The position of the time window on a time scale will depend on the
polarization response for a given read voltage and the polarization properties
of the ferroelectric material and the thin-film parameters.

25 Another interesting feature when using a ferroelectric material based on
vinylidene fluoride/trifluoroethylene copolymers VDF-TFE is that their
switching characteristics will depend on the electric field strength, i.e. the
electrode voltage. Hence a high polarization voltage will influence the
switching time of a logic element realized in the said ferroelectric material in

30 such a manner that the higher the electric field strength the shorter the
switching time. Typical switching characteristics for a
vinylidene/trifluoroethylene copolymer are shown in fig. 9 which expresses the
relationship between switching time and respectively the electrical flux density
D and its derivative 6D/dlog t for different field strengths. It will be seen, as

35 the coercivity field of this copolymer is about 40 MV/m, that a field strengti
of 100 MV/m, i.e. almost 2,5 times the coercivity fields, will resultin a
switching time of 10~ s, while the switching time for fi¢ld strength
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If the data processing device according to the invention is encumbered with
impedance noise, it will be possible to provide current-amplifying line drivers
connected to the logical elements in order to ensure noise immunity when

10  driving for readout or switching. Such line drivers could possible be driven by
the read/verification/reset voltage or over a separate supply line. '

An embodiment of the data processing device according to the invention and
corresponding to fig. 1 is shown in perspective in fig. 10, but with possible
substrates and isolating layers removed. It appears in fig. 10 as a planar x,y

15 electrode matrix and with the logic elements formed at each intersection
between the electrodes 2;3 in the first and the second electrode structure. A
planar matrix embodiment of this kind may be stacked layerwise in order to
provide a volumetric data processing device with k stacked planar structures
S1,...Sk, as shown in fig. 11. It must then be provided layers 7 of electrical

20 isolating material between each planar structure S which in section will appear
roughly as shown in fig. 11. The electrodes 2.3 may be connected to not shown
addressing and detection lines, i.e. current and voltage buses e.g. provided in
a semiconductor device made for this purpose, along the side edges of the
volumetric device, or if the device is integrated as a hybrid device on silicon -

25 substrates, conveyed directly to drive voltage and control signal lines
connected with driver and control units implemented in the silicon substrate in
a compatible semiconductor technology. Addressing and detection may for
instance take place in time multiplex or by using a logic addressing of each
individual logic element. The number of logic addresses will then be the

30  product of the number of stacked matrix structures or layers, the number of
rows and the number of columns in each matrix structure. The number of
separate addresses will be the sum of the number of x and y electrodes in a
layer S and the number of layers S,,...Sy in the device. The combination of
time multiplex-based and logic addressing may besides be used in order to

35 realize a massive parallel addressing which could provide very high write and
read speeds. In this regard reference may also be made to the discussion of
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applicant, or the dxscussmn of the stacked electrode devices as they are
disclosed in Norwegian patent application 972803 of the present applicant. It

5  will be obvious to persons skilled in the art that the logic elements realized
either as bistable switches or memory cells may be used to configure logic
gates or be included as switches in processor networks and arithmetic registers,
possibly integrated with the logic elements realized as memory modules, or
that the logic elements all are realized as memory cells, such that the device in

10  fig. 11 will be a volumetric data device with high storage density. With the use
of ferroelectric thin films it will be possible to achieve film thicknesses in the
range of about 100 nm and corresponding electrode dimensions, something
which implies that the voltages in order to generate the necessary field
strengths will be in the range of about 10 volt. On one pum® it will then be

15  possible to realize about 100 logic elements or memory cells, something which -
will imply a substantial improvement of the data storage density when
compared to data storage devices of the ROM or RAM types based on
convennonal semxconductor technology.
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carrying medium in the form of a thin film (1) of ferroelectric material,
wherein the ferroelectric material by an applied electric field may attain a first
or a second polarization state by being switched from a disordered state to one
of the polarization states or from the first to the second polarization state or
vice versa, wherein the ferroelectric material comprises logic elements (4), and
wherein a polarization state assigned to a logic element (4) represents a logical
value of the logic element, characterized in that the ferroelectric thin film (1)
is provided as a continuous layer in or adjacent to respectively a first and
second electrode structure, that the first and the second electrode structure
each comprises Substantially mutually parallel strip-like electrodes (2;3), such
that the electrode structures mutually form a substantially orthogonal x,y
matrix, wherein the electrodes (2) in the first electrode structure constitute the
columns of the electrode matrix or the x electrodes and the electrodes (3) in
the second electrode structure the rows of the electrode matrix or v electrodes,
and that a portion of the ferroelectric thin film (1) at the intersection between
an x electrode (2) and a y electrode (3) of the electrode matrix forms a logic
element (4) such that the logic elements (4) jointly form an electrically

~ connected passive matrix in the data processing device (2).

25

30

2 Data processing device according to claim 1,
characterized in that a logic element (4) forms a bistabile switch in a data
processor means. -

3. Data processing device according to claim 1,
characterized in that a logic element (4) forms 2 memory cell in a data storage
means.

4. Data processing device according to claim 1,
characterized in that the electrode structures and the ferroelectric thin ﬁlm (D
are provided on a substrate.

5. Data processing device according to claim 1,
characterized in that the ferroelectric thin film (1) is formed of a ceramic
material.
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8. Data processing device according to claim I,
characterized in that the copolymer is a vinylidene trifluoride/trifluoroethylene
copolymer.
10 9. Data processing device according to claim 1,

characterized in that the ferroelectric thin film (1) is provided between the first
and the second electrode structure, and that the logic element (4) is formed in
the intersection between an x electrode (2) and a y electrode (3).

10. Data processing device according to claim 1,

15 characterized in that a layer (6) of an electrical isolating material is provided
between and adjacent to the electrodes (2;3) of the first and the second
electrode structure, that the ferroelectric thin film (1) is provided in the form
of a continuous layer over the electrode structures on one side thereof, and that
the logic elements (4) are formed respectively in a portion of the ferroelectric

20 thin film (1) at the side edges of an y electrode (3) at the intersection berween
the x electrode (2) and the y electrode (3).

11. A method for manufacturing of a ferroelectric data processing device
according to claim 10, characterized by successive steps for depositing a first _
electrode structure on a substrate, depositing a layer (6) of electrical isolating

25  material over the first electrode structure, depositing a second electrode
structure over the isolating layer (6), removing the isolating layer (6) where it
is not covered by the second electrode structure, such that the electrodes (2) in
the first electrode structure is exposed except in the intersection between the
electrodes (2;3) of respectively the first and the second electrode structure, and

30 depositing a ferroelectric thin film (1) in the form of a continuous layer over
the electrode structures.

12. A method according to claim 11, characterized by the substrate being
formed of a crystalline, polycrystalline or amorphous semiconductor material,

for instance silicon.
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connected passive matnx, particularly for processing and/or storage of data
with active or passive electrical addressing, depending on whether an
addressing operation causes a change in a polarization state possibly already

10  present in the logic element, comprising a data-carrying medium in the form of
a thin film (1) of a ferroelectric material, wherein the ferroelectric thin film (1)
by an applied electrical field may attain a first or second polarization state and
is switched from a disordered state to one of the polarization states or from the
first to the second polarization state or vice versa, wherein the ferroelectric

15 thin film (1) is provided as a continuous layer in or adjacent to respectively a
first or second electrode structure and comprises the logic elements (4) which
contact electrodes (2;3) in this first and second electrode structure, wherein a.
polarizatidn state assigned to a logic element (4) represents the logical value of
the logic element, and wherein the addressing comprises steps for writing,

20  reading, erasing and switching of data in the logic element, characterized by
the step for writing comprising applying a voltage to the logic eleméent and
polarizing the ferroelectric thin film of the logic element (4) to a positive or a
negative polarization state which respectively corresponds to a logical O or a
logical 1 or vice versa, by the step for reading comprising applying a voltage to

25 a logic element (4) and detecting the charge transfer between the electrodes
(2;3) in the logic element in the form of a current value, which uniquely
indicates the logical value, by the step for erasing comprising applying to all
logic elements (4) in the data processing device a voltage which gives all logic
elements one and the same polarization state, and by the step for switching of

30 a logic element (4) from a polarization state which corresponds to a logical 0
or a logical 1 or vice versa, comprising applying a voltage to the logic element
(4) which reverses the initial polarization state of the logic element.

15. A method according to claim 14,
characterized by applying a voltage which between the electrodes (2, 3) of the
35 logic element (4) generates a field strength which is more than twice the
coercivity field of the ferroelectric material. —
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exposed ex M the overl apping intersections between the el ectrodes of

respectively the first and the second el ectppde structure, and depositing a
ferroelectric thin filmin the formof a | ayer over the el ectrode
structures; and a method for readout characterized by applying in
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el enent and detectl : e . b en_the ect rodes
thereof as an cb##ééﬂﬁ% ﬁp%&%ﬁéﬁ' ﬁiﬁ EBB}F?% s h@%’ \ég a ramp voltage.

17. A method according to claim 14,

characterized by generating the applied voltage as a threshold voltage.

5 18. A method according to claim 14,
characterized by the current detection in the reading step taking place by
sampling in the time domain.

19. A method according to claim 14, characterized by the current detection
_ in the reading step taking place in a time window dependent on the saturation
10 time constant of the polarization.

20. A method according to claim 18 or 19, characterized by the current
detection taking place by a level comparison.

21. A method according to claim 14, characterized by verifying the current
detection in the step for reading in an immediate following step by applying to
15 the logic element (4) a voltage corresponding to the voltage used in the reading
step, but of opposite polarity, and detecting the charge transfer between the
electrodes (2;3) in the logic element (4) in the form of a current value.

22. A method according to claim 14 or claim 21, wherein the step for
reading and/or verification causes a destruction of a datum stored in the logic

20 element (4), characterized by the logic element (4) being reset to its initial
logic state after the current detection in the step for reading or verification by
applying to the logic element a voltage which restores the initial polarization
state of the logic element.

23. A method according to claim 22, characterized by the reset of the logic
25 element (4) taking place in combination with the step for verification and itself
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{ |nd|cat|ve of a |.cal value stored in the |ogic elenent, appl in the

. verification §Y@39ghgﬁltage of the opposite polarity to that of¥ RENQA800237 e
. applied in the reading step and detecting a charge transfer between the 10
. electrodes of the logic elenent as a high sgr d current value, and, in the
- case the logical value stored in the |ogic ment was destroyed in the

- reading or the verification step, applying in the stef for reset a voltage

to the | ogic elenment restoring _an jnitial polakization state
t her eof . Advant ageously, a | pgic element forms albistable switch in
a data processor 15 nmeans or a nefry cell in a data §torage means.
Accordlng to a preferred enbodi ment p¥: 3...- 1 “anigmelel ectrode
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1According to the invention the ferroelectric thin filmis advanta eouslg
formed of a WO9ARR¥O0material or a ferroelectric liquid crystalPGRN@I§HR3IT,
a 20 pol ymer, the polynmer preferably being polyvinylidene fluoride, or a
copolynmer, the copol yner preferably beinqusvinylidene
fluoride/trifluoroethylene copolyner. In thg nmet hod for

manuf acturing the ferroel ectric data-processing devMce it is

according to the invention advant ggeous.that the sullstrate is forned of a

25 crystalline, polycrystallind or anorphous senfcondtcting mat eri al ,
for I nstance silicon. Advant ageously, a cgntinuous |ayer of
an electrical isolating materi af may DE T | i0@poST TEed et yeen t he
substrate and the first elecfrobe styuct unet befiorie i TIdepositing the
first electrode structure gn the substrate. !
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¢ 30 In a first enbodi nent of the nethod for readout reset is perforned
after WeaW1a470ni t hout verification by applying a vol t ageP@FNOR¥00237
: opposite polarity to that of the reading voltage only in the case of
- detecting a hi gh—eturrent—signal— in tg}sreadi ng step.
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i In a second enbodi nrent of the method for readout reset is perforned after

i reading in Y¥APURATPon with verification by applying a vol t ag®CINQROZHne
? polarity as that of the reading voltage only in the case of detecting a | ow

: current signal in the reading st ep. 1é$n the method for readout

according to the invention it is particul preferred applying a
vol tage whi ch between the el ectrodes of the I ogi c This QleeermBeegg caj es

‘afield strength which is nore than twi ce the coercTV|t ,
the ferroelectric material. Advantageously, the applied .

generated as a ranp voltage or a threshold voltage in the
10 verification steps. In the nmethod for readout accordlng to t he
invention it is particularly preferred that the current detection in

~ the reading step takes place either by
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sanpling in the time domain or in a tinme w ndow dependent on the saturation
time const aMOWI2tHe pol ari zati on. Advant ageously the current PEENABOMIT 15
particularly inThe Tatter case, takes place by a |l evel conparison.

The dat a- processi nlgﬁs%géé{ﬁag]ag&% di.pg to t invention is used in a

vol unetric 0 or storddge devi ce. The invention
shal | now be expl ai ﬂ ﬂﬂ'ﬂi ﬁt ail in connection with exanpl es of
enbodi ments of both ) ‘@8essing device and the ne ﬁlﬂ [ and with

reference to the acconpanyi ng draw ng, wherein fig. a prior
‘art enbodi ment of a ferroelectric data-processing devi cBONTROL CIRGIHTSr di ng
to the invention, seen in plan view,
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fig. 2 the prior art data-processing device in'fig 1in a schd

section taken along the |ine A-Ainfig. 1, 25  fig.. ..
view of a logic elenment in_the prior art data-processing devi:C

fig. 1, fig. 3b scherratlcally the pol arization of the | i§

infig. 3a, A fekt@eleétrio duthqstoressingfdéviee dat a- processing devi ce
according to the present I nvention,” seen in plan view, 30 fig.5

|t Ihﬁ edit o oY Ies Sfﬁg pI&rt SnddhtidPcodedrlls @ RERRTBIIE BRG!HrBReIRHE AeHA)Y
partlcularly for processing and/or storage of data with active or passive
electrical addressing, comprising a data-carrying medium in the form of a
5 thin film of ferroelectric material, wherein the ferroelectric material by an
aﬁplied electric field may attain a first or a second polarization state by being
switched from a disordered state to one of the polarization states or from the
first to the second polarization state or vice versa, wherein the ferroelectric
material comprises logic elements, wherein a polarization state assigned to a
10 logic element represents a logical value of the logic element, wherein the
ferroelectric thin film is provided as a continuous or patterned layer, wherein
a first and second electrode structure each comprises substantially mutually
parallel strip-like electrodes, such that the electrode structures mutually form
a substantially orthogonal x,y matrix, wherein the electrodes in the first
15 electrode structure constitute the columns of the electrode matrix or the x
electrodes and the electrodes in the second electrode structure the rows of the
electrode matrix or y electrodes, wherein a portion of the ferroelectric thin
film at the overlap between an x electrode and a y electrode of the electrode
matrix forms a logic element such that the logic elements jointly form an
20 electrically connected passive matrix in the data-processing device.

The present invention also concerns a method for manufacturing the
ferroelectric data-processing device, as well as a method for readout in the
addressing of logic elements in a ferroelectric data-processing device,
particularly a ferroelectric data-processing device according to claims 1-9,
25 wherein the method supports a protocol for readout and comprises steps for
respectively reading, verification and reset. Finally the invention concerns
the use of a ferroelectric data-processing device according to the invention.

- Generally the invention concerns data-processing devices with logic elements

implemented in a ferroelectric material. The phenorriena of ferroelectricity is
30 in this connection supposed known by persons skilled in the art, as the field

is comprehensively treated in the literature, for instance in J.M. Herbert,

Ferroelectric Transducers and Sensors, Gordon and Breach, 1982, wherein in

pp. 126-130 there is proposed using a ferroelectric memory based on single

crystals of barium titanate provided between orthogonal electrodes in an x,y
35 electrode matrix. The author concludes that there are substantial practical
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hysteresis | oop for the polarizatioh of a ferroel ectric
difficulties connected with the use of ferroelectric single crystals for

information storage in this simple manner. In regard of recent survey
literature, reference may be made to R.G. Kepler and R.A. Andersoh,
Advances in Physics, Vol. 41, No. 1, pp. 1-57 (1992).

To illustrate the development of ferroelectric memories in a historical
context, reference may be made to a paper by W.J. Merz and J.R. Anderson
titled “Ferroelectric Storage Devices”, which was published in September
1955 (Bell Lab. Records, 1:335-342 (1955)) which discloses the use of
inorganic ferroelectric crystalline materials, particularly barium titanate in, in
memory and switching devices. Particularly they suggest a ferroelectric
memory device based on this material, the latter being provided as a planar
50-100 pm thick slab between overlapping sets of parallel electrodes, one set
of the electrodes being orthogonal to the electrodes of the other and thus
providing ferroelectric memory cells in portions of the ferroelectric material
between the overlapping electrodes. Thus they disclose a ferroelectric device
with a passive electrode matrix for addressing (see fig. 10 of their paper),
anticipating the general layout of all later ferroelectric memory devices with
matrix-based addressing. They even hint at the use of transistors for
switching, but forming an active memory cell with a switching transistor and
with sufficiently small dimension would hardly be practical before the advent
of say integrated field effect transistors.

As mentioned above, the data-carrying medium is a ferroelectric material in
the form of thin film. Such ferroelectric thin films which either may be
inorganic, ceramic materials, polymers or liquid crystals have been known
for some time and it may in this connection be referred to the above-
mentioned article by Kepler and Anderson. There are for instance from J.F.
Scott, Ferroelectric memories, Physics World, February 1995, pp. 46-50,
known data storage devices based on ferroelectric memory materials. They
all have in common that at least one transistor is necessary in each bit
location or memory cell. In the most common embodiments the ferroelectric
material is used as a dielectric in the associated memory circuit and
comprises a bit-storing capacitor. Due to the high dielectric constant of
ferroelectric materials, the capacitor may be made much smaller than
otherwise possible and will additionally provide a quite superior charge
lifetime. Recently the development has focused on another property of
ferroelectric materials, namely their ability to be polarized electrically when
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t he i nventi on}, 8ad|agr m of the tinme response of a
det ect ed out put sign I dat a- proce55| ng deviice, agcor.dijig to
t he inventi on, f| g. 9 a d| agram of the swi tching char act eri'sti’cs

of a ferroelect r{;;%yclﬁgggggé 8\}%}%&3& t&aﬁ gﬁbﬁg electr*c field '%lﬁg th¢ gS@ﬁia‘iﬁH y

and in perspecti evi e’ I'n
el ectrode mat ri xpracess they dipolesidf the ferroeltcglc matcmal mam- pmfemdrtgl@&atloa,

corresponding t o #rﬁgf hf whiSh régul?ﬂq& a mactros@(;ﬁl@r}ﬂﬁglé Mhoth ikt cha Yefaihd
order to |nplene unetrlc con
after the removal of the polanzmg field. By thus including the ferroelectric
5 material in the gate electrode structure of a field effect transistor in the
memory cell circuit, the transconductance characteristics of the transistors
may be controlled by controlling the polarization state of the ferroelectric
material. The latter may be switched, for instance by polarizing fields with a

direction which either causes a transconductant state "on" or "off" in the

5 copol yner mater 'iii acf‘he dat a- processi ng device according to

10 transistor.

EP patent 0 721 189 discloses a ferroelectric memory with discrete memory
cells provided in an electrode matrix. In addition to a discrete ferroelectric
capacitor each memory cell also comprises switching means, preferably in
the form of at least one transistor. The discrete memory cells hence do not

15 form a passive matrix. With discrete memory cells it shall here be understood
that the ferroelectric capacitor is formed by a discrete component, such that
the ferroelectric material cannot form a continuous layer in the matrix. There
are provided separate data and selection lines and the readout of a stored
datum may take place in current or voltage mode on data lines provided for

20 this purpose, but according to a relatively complicated protocol, such as
disclosed by patent claim 6. It must also be remarked that the number of
memory cells connected in a data signal line must be adjusted in order to
accommodate parasitic capacitance on each data signal line during the
readout, such that the voltage variation on one of the data signal lines is

25 minimized.

US patent 5 592 409 concerns a non-volatile ferroelectric memory wherein
data may be read out without destruction. The memory cells are included in
an active matrix and are formed as transistor structures therein, wherein the
gate electrode forms one of the electrodes in a ferroelectric capacitor. It is
30 evident that the ferroelectric capacitors are discrete components. The
polarization of the capacitor takes place in a well-known manner, but by the
readout which takes place in current mode it is the drain current that is
detected, this in order to prevent the stored data from being erased.

Even if the use of ferroelectric materials as mentioned above represents
35 substantial improvements ‘relative to alternative technologies for storage of
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dat a- processi ng device a \ cm\l i nven;‘i on shall -be disclosed in_
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fig. 1 a two- complicated manufacturing technology and the use of active semiconductive

components.
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Recently proposals have been made for a return to ferroelectric memory
devices configured as a memory cell array in a passive electrode matrix. Thus

10 US patent no. 5 329 485 (Y. Isono & al.) discloses a memory element and a
matrix memory cell array including memory cells each having a non-linear
conductivity bipolar switching element constituted by a multi-layered
structure which performs writing/reading operations of a polarization state on
a ferroelectric body which forms a recording medium of the memory cell.

15 The switching element is in the form of an insulating film which acts as a
switching element to accumulate charges in a charge accumulating
ferroelectric capacitor which constitutes the memory cell proper. The
insulating film, which particularly may be a polyimid film, allows a direct
tunnel current to flow when a voltage exceeding a predetermined value is

20 applied to the insulating film. When the voltage is turned off, the film
recovers its insulating property and retains the charges by preventing leakage
thereof. According to Isono & al. the film shall have non-linear current
voltage characteristics and provides a high write speed without a high
operation voltage due to a large part of the drive current of the insulating

25 film being a direct tunnel current. This also allow a high integration density
of the memory cells, while the switching film forming a diode junction in the
memory cell reduces crosstalk between the cells.

US patent no. 5 375 085 discloses another example of a ferroelectric memory
in the form of a ferroelectric integrated circuit realized with a passive

30 electrode matrix with a ferroelectric layer provided between the electrode
sets forming the substantially orthogonal matrix. As usual, the memory cell is
formed in the portion of the ferroelectric 'layer between the overlapping
electrode of each electrode set. By providing an insulating layer over the
electrode matrix a second electrode matrix may be deposited on the top of the

35 former and so on, thus forming a stacked structure realizing a volumetric
three-dimensional ferroelectric integrated circuit with passive matrix
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ent no. 5329485, see for instance column 14, 1. 31-36 thereof. ;

Additionally it could also be mentioned that passive matrix addressing is, of
course, well-known in the case of ferroelectric liquid crystal elements as for
instance used in liquid crystal displays. Reference may in this regard be made
to e.g. US patent no. 5 500 749 (Inaba & al.)

It has also been shown that ferroelectric polymer materials may be used in
erasable optical memories. For instance there are disclosed devices for
ultrafast non-volatile information storage with ferroelectric polymers as the
active storage elements (IBM Technical Disclosure Bulletin 37:421-424 (no.
11, (1994)). Preferred embodiments utilize poly(vinylidene fluoride) (PVDF)
or PVDF-trifluoroethylene (PVDF-TrFE) copolymers as the ferroelectric
material since these polymers can be obtained as very thin films and can have
response times of better than 350 picoseconds. The ferroelectric polymers
can be used in the gate of a standard dynamic or static RAM device. The
most basic information storage device suggested consists of a ferroelectric
thin film with a set of parallel conducting electrodes deposited on one side
and an orthogonal set of conducting electrodes deposited on the other side.
The individual storage cells are formed at the junctures of the opposing
electrodes. A stack of two-dimensional passive arrays of this kind can be
fabricated by alternately depositing conducting strips and ferroelectric
material to build up a three-dimensional array of ferroelectric capacitors
which easily could be stacked vertically on an integrated circuit with
addressing logic sense amplifiers and thus providing a volumetric or
three-dimensional ferroelectric memory.

Further, M. Date & al. has in the paper "Opto-ferroelectric Memories using
Vinylidene Fluoride and Trifluoroethylene Copolymers", IEEE Trans. Electr.
Ins., Vol. 24, No. 3, June 1989, pp. 537-540, proposed a data medium
comprising a dye-doped vinylidene fluoride trifluoroethylene copolymer with
a thickness of 2um, spin deposited on a ITO coated glass plate. The
information is written as sequences of positive and negative polarizations
generated by irradiating with a focused laser beam with a diameter of about

5 um in the presence of sign controlling electric fields. The data is read out
pyroelectrically by scanning with a laser beam. A carrier/noise ratio of 48 dB
has been obtained by using a regularly repeating data train in the form of 0/1-
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Realized as thin film structures both organic materials as well as crystalline
inorganic ferroelectric materials have turned out to be thermally incompatible
with the temperatures required for processing the other materials of the

device.

The object of the present invention is thus to provide a simple logic
architecture which may be used for realizing either bistable switches or
memory cells in a data-processing device or to provide a purely ferroelectric
data storage device which offers the possibility of storing a very high number
of bits in an area unit and which at the same time may be produced in simple
manner in high volume with low cost, such that the above-mentioned
disadvantages of the prior art thin film devices are avoided.

This object and other advantages are achieved according to the invention
with a ferroelectric data-processing device which is characterized in that a
layer of an electrical isolating material is provided between and adjacent to
the electrodes of the first and the second electrode structure, that the
ferroelectric thin film is provided in the form of a continuous or patterned
layer over the electrode structures on one side thereof, and that the logic
elements are formed respectively in a portion of the ferroelectric thin film
along the side edges of an y electrode at the overlap between the x electrode
and the y electrode; a method for manufacturing a ferroelectric data-
processing device characterized by successive steps for depositing a first
electrode structure on a substrate, depositing a layer of electrical isolating
material over the first electrode structure, depositing a second electrode
structure over the isolating layer, removing the isolating layer where it is not
covered by the second electrode structure, such that the electrodes in the first

electrode structure is exposed except in the overlapping intersections

between the electrodes of respectively the first and the second electrode
structure, and depositing a ferroelectric thin film in the form of a continuous

THIS SHEET HAS BEEN
REPLACED Azl SHELT




- This-Sheet Has Been R
applylng to the elect r|ve vol tage whi ch generates an electrlc
15 field between t m ﬂl H and the y él ectrode 3, be; pol ari zed-
electrically which is determ ned by thé sisgn of t‘l:le

drive vol tage or t he pol ari zation vol tage. The | ogic el Enent™4 With
the active area pnphtterned layer beer the! eeleéurode tstvuntlinelsmﬂd hahethod foraeadout

| ectrodes 2, 3t l the | B..B
Cchommti cal 1 | neBRRRIIA ol SPRIVITE i fhe seadjng oifh fyPliegeyish £ dRimined

pol arization in blarman@nttbcenlogweleadiex@maﬂd)dewcsmgrmehm brmsfersbemleemthme
1l.in

Post v POl oL SRR LSRR R o S b B

| ogi c.
ferroel ectr ISC logicaltvidlue stdred inithe ﬂd@ccelemleanmpmymg ar &meﬁcans’eap a

the x electrode 2 and t 0 ec
pol ar i zat i on st areliage bf el apposits pblaEitya thatier Buvolge holied i W ropding,
quite sinply tal&eplamdeddlyctmg;alomrge addsfey betweehehe electrodesgoftthel legent 4
with a vol tage
Feprocentat i ve rOPuibsE AR Idcbl cBfiedl VARl Unt if g Bise the.lngiealyalye: ne
stored in the logic element was destroyed in the reading or the verification
10 step, applying in the step for reset a voltage to the logic element restoring an

initial polarization state thereof.

Advantageously, a logic element forms a bistabile switch in a data processor
means or a memory cell in a data storage means.

According to a preferred embodiment of the invention the electrode
15 structures and the ferroelectric thin film are provided on a substrate.

According to the invention the ferroelectric thin film is advantageously
formed of a ceramic material or a ferroelectric liquid crystal material or a
polymer, the polymer preferably being polyvinylidene fluoride, or a
copolymer, the copolymer preferably being a vinylidene

20 fluoride/trifluoroethylene copolymer.

In the method for manufacturing the ferroelectric data-processing device it is
according to the invention advantageous that the substrate is formed of a
crystalline, polycrystalline or amorphous semiconducting material, for
instance silicon.

25 Advantageously, a continuous layer of an electrical isolating material is
deposited between the substrate and the first electrode structure before
depositing the first electrode structure on the substrate.

In a first embodiment of the method for readout reset is performed after
reading without verification by applying a voltage of the opposite polarity to

30 that of the reading voltage only in the case of detecting a high current signal
in the reading step.

In a second embodiment of the method for readout reset is performed after
reading in conjunction with verification by applying a voltage of the same
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charge transfer between the el-ectrodes 2, 3 during the addre55|ng, hence in
current node. The output signal is reglstered ®y the control:circuits and
30- corresponds to the reading.of the |ogical value assigned io the Ipgic
el enent 4 or nmenory cell by its present polarization state. Thi's
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foll ow ng descri tlon of addr essing of t

devi ce according FH cphat Eéféme }'m% fﬁp A dat a- processi ng devi ce
according to the invention is shown in fi 4. Herein the el ecfrode
structures are rbamqawthqdiomaal@@tg@mncgngémtbwmr&mn 1t 1s partigwlarlyr | per

se is known fron,NR-pBRIEHpIFRRY 4 ¥B1th 88 wifidh Hetweekh tHe tlectttities of the logic
5 element generates a field strength which is more than twice the coercivity
field of the ferroelectric material. Advantageously, the applied voltage is
generated as a ramp voltage or a threshold voltage in the reading and/or
verification steps. According to the invention it is preferred that the current
detection in the reading step takes place either by sampling in the time
10 domain or in a time window depeﬁdent on the saturation time constant of the

polarization. Advantageously the current detection, particularly in the latter
case, takes place by a level comparison.

The invention shall now be explained in a more detail in connection with
examples of embodiments of both the data-processing device and the method
15 and with reference to the accompanying drawing, wherein

fig. 1 shows prior art embodiment of a ferroelectric data-processing device
according to the invention, seen in plan view,

fig. 2 the prior art data-processing device in fig. 1 in a schematic section
taken along the line A-A in fig. 1,

20 fig. 3a a plan view of a logic element in the prior art data-processing device

in fig. I,

fig. 3b schematically the polarization of the logic element in fig. 3a,

fig. 4 an embodiment of the data-processing device according to the present
invention, seen in plan view,

25 fig.5 the data-processing device in fig. 4 in a schematic section taken along
line A-A in fig. 4, |
fig. 6a a plan view of a logic element in the data-processing device in fig. 4,

fig. 6b schematically the polarization of the logic element in the
data-processing device in fig. 4, T
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11 1997 and ad¥s ésent applicant. (The correspondi ng
PCT application now been published as: W99/ 08325) .
As before, the el |n each structure are: prow ded *apove
each other in a matrix- I|ke conflguratlon and between 'not showh

substrates whi crﬁgn';cg typfbal hy§€bi‘é.ﬁs Sdp 1?‘6r ﬂie pomizahlonrwf@fénrcelrecm it i S
shown by the sect s taken a ng%the |4 ne. A

Foma. I cont raesolymer malerigl ppsed in the data- Srassaipe iy ife pPouidis 14

thin film1, hovygyenatiohs provided over the el ectrode struct ures.
The el ectrodes 2 of the first el ectrode structure are el ectrically

fig. 8 a diagram of the time response of a detected output signal from the
5 data-processing device according to the invention,

fig. 9 a diagram of the switching characteristics of a ferroelectric copolymer

material,

fig. 10 schematically and in perspective the data-processing device in fig. 4
as an X,y electrode matrix with x=y=5, and

10 fig. 11 the data-processing device corresponding to that in fig. 10 and
arranged in stacked layers in order to implement a volumetric configuration.

In the following examples of embodiments of the ferroelectric
data-processing device according to the invention shall be disclosed in
connection with data-processing devices with the logic element configured as
15 memory cells, i.e. the device in its entirety implementing a data-storing
device. Similarly there shall in the following only be referred to the use of
passive electric addressing of the individual logic element. — Before the
inventive device is discussed in more detail shall, however, a prior art
ferroelectric data storage device as depicted in fig. 1 briefly shall be

20 described.

Fig. 1 shows the prior art data storage device with a ferroelectric thin film 1
provided between a first and a second electrode structure. The first and the

second electrode structures form as shown in the plan view in fig. 1 a two-
dimensional x,y-matrix with the electrodes 2 of the first electrode structure as

25 columns in the matrix or x electrodes and the electrodes 3 in the second
electrode structure as rows in the matrix or y electrodes. Electrodes 2, 3 are
connected to respective driver and control circuits 5 for driving the
electrodes and detection of output signals.

The electrodes 2,3 and the ferroelectric thin film are as shown in section in
30 fig. 2 taken along the line A-A in fig. 1, provided in sandwich configuration
between a not shown overlying and underlying substrate which for instance
may consist of crystalline silicon. The substrates are for the sake of clarity
also left out in fig. 1. Between the respective substrates and the electrodes 2,
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I solated fromthe electrodes 3 in the second el ectrode structure by .

providing 10 a layer 6 of electrical isol &ing matert at i.n thess 2
i ntersection between the el ectrodes 2, 3. The active.akda: i b rhe TeedTeed
ferroelectric thin film21 and which corrprlsestheloglc el’ément 4°° a

itself, will thuy aadnberfeaetdvorio thin filmnl there/may be promdecbnotﬁshcami layers of

Fecti on Shoun | ntceicalsbAURR AR I8 dt DipBiie e el baye been hikde in
correspondi ng 15semitondiictortmaterd, the dmger i controlcirouitss maylazﬂvlantmously
o Rt v BB o

area. The drive
seni conduct ¢r t emstenicegaiongad slde‘etiged)fthetdam-lpm)ceﬁsﬂvgdevice as spgestedduct or
substrate or as separate circuit nodules 5 provided al ong the si de

edges of the matrfig 32Srefldefs aﬂﬁfgég/tﬂe' &verﬁ}@ﬂﬁgﬁnterg&tmd Beﬁw&ms&faewbee

of 't he enbodi nent "shown i n . e ect rode
structure is depbsnd éﬁY@lFCél'%%b%ﬂﬁ acell andhe petive gvea 4 avipighgonstitutes a logic

element in the ferroelectric thin film 1. This active area 4 will, when
applying to the electrodes 2, 3 a drive voltage which generates an electric

10 field between the x electrode and the y electrode 3, be polarized electrically

in a direction which is determined by the sign of the drive voltage or the
polarization voltage. The logic element 4 with the active area in the
ferroelectric thin film 1 between the electrodes 2, 3 taken along the line B-B
“in fig. 3a, is shown schematically in polarized state in fig. 3b which implies a

15 polarization in the direction "up" which for instance may correspond to the
positive polarization and hence represent a state logic 0 or logic 1 in the logic
element 4 or in the memory cell formed in the volume of the ferroelectric
thin film 1 in the overlapping intersection between the x electrode 2 and the y
electrode 3. The detection of the polarization state, i.e. whether it is positive

20 or negative, may now quite simply take place by passively addressing the
logic element 4 with a voltage and by detecting the polarization state as
representative for a determined logical state in the logic element 4 by the
charge transfer between the electrodes 2, 3 during the addressing, hence in
current mode. The output signal is registered by the control circuits and

25 corresponds to the reading of the logical value assigned to the logic element
4 or memory cell by its present polarization state. This shall, however, be
discussed in more detail in connection with the following description of the
addressing of the data-processing device according to the present invention.

A data-processing device according to the invention is shown in fig. 4.

30  Herein the electrode structures are realized in a bridge configuration which,
however, per se is known from NO patent application 973390, filed 17 June
1997 and assigned to the present applicant. (The éorresponding PCT
application NO98/00212 has now been published as W099/08325). As |
before, the electrodes 2; 3 in each structure are provided above each other in

35 a matrix-like configuration and between not shown substrates which once
again may be of crystalline silicon, as it is shown by the section in fig. 5
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~ In fig. 6b also the polarization of the active area is shown for a
10 corresponding polarization as in fig. 3b, but with the field lines curved along
the side edges of the isolation layer in the active area. The drive and control
circuits may be realized in semiconductor technology and provided in the not
shown semiconductor substrate or as separate circuit modules 5 provided
along the side edges of the matrix as disclosed by fig. 4 and 5.

15 In the manufacturing of the embodiment shown in figs. 4 and 5 the first
electrode structure is deposited on a substrate and then covered by an
isolating layer 6. On the top of the isolating layer 6 the second electrode
structure is now deposited, such that the first and the second electrode
structure once again form a two-dimensional matrix configuration wherein

20 the x electrodes 2 are the columns and the y electrode 3 the rows. In the areas
where the isolating layer 6 is not covered by the electrodes 3 in the second
electrode structure, the isolating material is now etched away, such that the
electrodes 2 in the first electrode structure still are completely electrically
isolated from the electrodes 3 of the second electrode structure at the

25 intersection of the electrodes, but else exposed. The ferroelectric thin film 1
is now provided over the electrode structures before all parts possibly also
are covered by an overlying substrate. As shown in figs. 4 or 5 the
ferroelectric thin film is provided as continuous layer, but it may also in a
variant embodiment be patterned such the electrodes are covered only in and

30 around the intersections thereof by a patch of thin-film ferroelectric material,
in analogy with a variant embodiment already disclosed in the
above-mentioned NO application no. 973390. Otherwise the embodiment is
wholly similar to that shown for the prior art device in fig. 1 and 2. One
advantage of the embodiment in fig. 4 and 5 is that the electrode structures

35 and the accompanying connections and driver and control circuits are
provided on for instance crystalline silicon substrates before the ferroelectric
thin film is applied. Hence the different process steps which are included in
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manuf acturing of the active circuit elenents in seniconductor technology™ *°

may be perfor medhpinidvfactliriig 6Ptiigadtive tircuitadlesientsin Sémidonidictdr tebhhology
may be performed without disturbing the ferroelectric thin film which for

instance may be a polymer with a limited temperature tolerance.

There are a number of ferroelectric materials which may be used in the

5 ferroelectric thin film. The ferroelectric material may e.g. be an inorganic
ceramic material as lead zirconate titanate, a ferroelectric liquid crystal
material or thin films of polymers. One instance of the latter is a copolymer
of vinylidene fluoride (called VF2 or VDF) and trifluoroethylene (C,F;H,
called TFE) where the relative content of each component in thin film may be

10 varied in order to obtain different properties. Such copolymers may typically

have a low coercivity field and show a more square hysteresis loop than
which is the case for pure vinylidene fluoride polymers.

The switching characteristics of ferroelectric polymers realized as vinylidene
. fluoride/triflouroethylene copolymers are discussed in a paper by Y. Tajitsu

15 & al. with the title "Investigation of Switching Characteristics of Vinylidene

Fluoride/Triflouroethylene Copolymers in Relation to Their Structures",

(Japanese Journal of Applied Physics, 26, pp. 554-560 (1987)) and shall be

regarded as a general reference in connection with the following description

of the addressing of a logic element or a inemory cell in the data-processing
20 device according to the invention.

Fig. 7 shows the hysteresis loop for the polarization of a ferroelectric thin
film for instance made of vinylidene fluoride/trifluoroethylene copolymer.

Polarization in C/m’ is shown on the y axis and the interelectrode field
strength in V/m on the x-axis. The ferroelectric thin film between the

25 electrodes will initially be in a disordered or unpolarized state and be
polarized when applying to the electrodes a voltage which generates a field
strength between electrodes greater than the coercivity field of the
ferroelectric material. The ferroelectric material will dependent on the sign
of the polarization voltage attain an electric polarization with preferred

30 orientation "up" represented by the point I or the hysteresis loop or "down"
represented by point II on the hysteresis loop. The polarization states I and 1I
may also be used to represent a logic 0 or a logic 1 or vice versa. It shall be
remarked that the concepts "positive”, "negative”, "up", "down" of course,
must be regarded as conventionally normative, as they are determined as soon

35 as a determination has been made as to what shall be regarded as the positive
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' implemented as either bistable switches in a data-processing device or
memory cells in a data storage device. The polarization of the logic element
to a determined state represent in other words writing of data to this logic

10 element.

It may be mentioned that the polarization of suitable ferroelectric materials
used in a logic element may take place at room temperature and with high
speed by choice of suitable ferroelectric materials and the use of a
correspondingly high field strength by the polarization voltage applied to the

15 electrodes of thehlogic element. When the ferroelectric material is provided
as a thin film, this comports a number of advantages. As soon as the logic
element, i.e. the ferroelectric thin film material in the logic element has been
given a preferred polarization, this polarization state will last for an
indefinite time period at room temperature and in any case for many years

20 unless the polarization state is reversed by using a polarization field with
opposite sign. A cancellation of the polarization state may take place in
analogy with ferromagnetic demagnetization by running the logic element .
through a cyclic depolarization field. Strong heating of the logic element also
may lead to a destruction of the polarization state by the electric dipoles

25 loosing their preferred orientation.

The polarization direction along the hysteresis loop when applying a
polarization field is indicated with the arrows between the points I and IV,

and V and VI.

The readout of data from the logic element shall now be discussed in

30 somewhat greater detail, also in connection with the hysteresis loop shown in
fig. 7. Once more references to expressions such as logic 0 and logic 1 or
"up" or "down" shall be avoided and there shall only be spoken of positive or
negative polarization, represented respectively by the portion of the
hysteresis loop which is located above the x axis and the portion of the

35 hysteresis loop which is located below the x axis. If the logic element now is
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of the polarization state from I to III will lead to a wholly insignificant
charge transfer between the electrodes, and by the detection of charge
transfer between the electrodes in the connected control circuit a very weak

10 current signal will be obtained. If the logic element, however, is in a negative
polarization state, represented by the point II on the hysteresis loop, the
detected output current will by applying to the electrodes a positive voltage
for the readout, first rise insignificantly and thereafter give a very sharply

 defined transient current pulse which represents the course between the

15 points V and VI on the hysteresis loop where the charge transfer is large.
Between the points I and II on the hysteresis loop the circumstance of a
relatively flat hysteresis loop in other words will imply that the polarization
only changes very little during the application of a positive voltage field,
while the change during the application of a corresponding positive voltage

20 when the logic memory element is at point II on the hysteresis loop will
cause a very large changé of the polarization and particularly a substantial
part of the change will take place between the points V and VI on the
steepest portion of the hysteresis loop and also take place in a very' short time
period, something which results in the above-mentioned current transient as

25 the detected output signal. This will also make it easy to discern in the
readout between e.g. a logic 0 represented by the polarization state in the
point I on the hysteresis loop and a logic 1 correspondingly represented by
the point II on the hysteresis loop. The points III and IV on the hysteresis
loop represent the saturation state for respectively the positive and the

30 negative polarization, and when the applied electrical field is removed, the
polarization will drift back respectively from III to I and from IV to II on the
hysteresis loop. It shall, of course, be understood that in order to drive the
polarization from I to III the field must according to the convention followed
here be positive, while it for driving the polarization from state II to IV

35 correspondingly, of course, must be negative.

& al. with the tltlém’smﬁéﬂ ﬂﬂmR@hedf Swi t chi ng Characteristics of

Now it shall be remarked that the readout or the detection of the polarization
state at II will be destructive, as the logic element after the readout arrives in
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REPLACEMENT SHEEr-Ie-tamed After a readout of the data storage device based on ferroelectric
5 memory cells according to the invention, information hence may be regarded
as destructed by all memory cells in the storage device being in the same
logic state, either 0 or 1. In practice, this of course, corresponds to an erasing
of information and need not have negative consequences if the stored
information only shall be read once or if readout only is required in a
10 particular application. If the original information still shall be stored, it will,
however, be necessary with a reset or refresh. This may take place by
switching the logic element which originally was in the polarization state II
but which after the readout will be in the polarization state I, back to the
polarization state II by applying a negative voltage for the reset and
15 preferably with the same field strength as in the readout. The polarisation
will then take place along the hysteresis loop from I to IV, where the field is
turned off and the logic element drifts back to the original polarization state
at II. The reset of a logic element to the original polarization state after a
readout, which destructed this state, can automatically take place by suitable
20 verification and monitoring procedures implemented over the control circuits
of the data-processing device and may for instance be software controlled
according to a readout protocol. For instance there will in the reset of the
polarization state at I to II, in other words in the switching of the polarization
state I to the polarization state II, once more be output a current signal with a
25 transient and this may then constitute the verification signal. Also a correct
readout of the polarization state I may be verified either by applying to the
logic element a voltage with opposite sign and reading a strong current
signal, but the logic element will then be switched from I to II and must
hence be reset. It will in other words quickly be realized that dependent on
30  the initial polarization states and a possible destruction during the readout,
the use of verification procedures and reset procedures will be
interchangeable. In order to easier show this reference may be made to the
accompanying table which discloses the preferred modes for respectively
readout, verification and/or reset, giving the polarity of the applied voltage as
35 - applicable, as well as resulting currency pulses denoted as low or high
according to whether the polarization state is changing along the loop from I
to III, possibly from IV to II, or from I to I'V, possibly from II to III.
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The pol ari zationof the logjc el erLe
detection, for 1nstance etween Il and V, is in this case more problematic
with regard to discrimination and requires an accurate control of the read
voltage. If the hysteresis loop on the contrary has a more gentle course
between II and V, and between V and VI, small signal detection may yet be

10 used and reliable detection be obtained without reaching the saturation state

I11, while the absence of a sharp voltage threshold at V makes it easy to avoid

a destruc__tive read-out.

As already stated the form of the hysteresis loop which is dependent on the
material, will be of importance for the response which is detectedina

15 readout. As the hysteresis loop is depicted in fig. 7, it will be advantageous
that the read voltage or the applied electric field which is used for detecting
the polarization state is in the form of a threshold voltage, i.e. attains its
maximum value immediately. Dependent of the polarization response and/or
the time constant of the polarization it may be justified using a ramp voltage,

20 i.e. a voltage which continuously increases to the desired maximum value
which preferably will be twice the coercivity field or somewhat more.
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the polarization state II, will be clearly discriminated because the
displacement currents in common dielectric materials vary linearly with the
field strength and appear instantly on application of the voltage, which also is
the case of the resistive components. The resistive current components will
further be present as long as the field is applied to the logic element. It will

10 hence in every case be possible with a distinct discrimination to discern
between the polarization state I or polarization state II. By the detection of
the polarization state II on the hysteresis loop and the use of positive read
voltage the polarization will move from II to III and the output current, the
displacement current and the resistive current component will have a

I5 response as shown in fig. 8. The transient in the output current reaches a
peak with a delay At after applicétion of the read voltage and appears in a

- time window t; which dependent on the sign of the field corresponds to one

of the two steepest portions of the hysteresis loop of fig. 7. As will be seen,
the current signal is distinctly discriminated relative to the displacement

20 current and the resistive current component. The detection may take place by
sampling or as a level comparison, for instance in the time window t; which
here for instance falls between V or VI on the hysteresis loop. The position
of the time window on a time scale will depend on the polarization response
for a given read voltage and the polarization properties of the ferroelectric

25 material and the thin film parameters.

Another interesting feature when using a ferroelectric material based on
vinylidene fluoride/trifluoroethylene copolymers VDE-TFE is that their
switching characteristics will depend on the electric field strength, i.e. the
electrode voltage. Hence a high polarization voltage will influence the

30 switching time of a logic element realized in the said ferroelectric material in
such a manner that the higher the electric field strength the shorter the
switching time. Typical switching characteristics for a
vinylidene/trifluoroethylene copolymer are shown in fig. 9 which expresses
the relationship between switching time and respectively the electrical flux

35 density D and its derivative dD/dlog t for different field strengths, where 1, is
given by time at which thie derivative becomes a maximum. It will be seen, as
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14 avoided and there shall only be spoken,
of positive or HW !M rization,19 epresented-respectively by:: :
the portion of the s loop which is | ocated above-the x ..* ,,*
axis and the portion of the hysteresis | oop which is |ocated bel ow

the x axis. If the cbegmvltylﬁaerdrdf this\co lynfer is about 40Qei\/m,ehavk £idld stiength

O N S N T
switching time of 107 s, while the switching time for field strength *
insignificantly above that of the coercivity field, namely of 42 MV/m, gives a

5 switching time of about 5s. The switching time is in other words reduced

with 5 or 6 orders of magnitude with such an increase of the field strength.
On the other hand it is for different reasons not desirable using a too high
field strength, for one thing in order to avoid undesired stray capacitances or
sneak currents in the matrix network and discharges through the thin film.

10 If the data-processing device according to the invention is encumbered with
impedance noise, it will be possible to provide current-amplifying line
drivers connected to the logical elements in order to ensure noise immunity
when driving for readout or switching. Such line drivers could possible be
driven by the read/verification/reset voltage or over a separate supply line.

15  An embodiment of the data-processing device according to the invention and
corresponding to fig. 4 is shown in perspective in fig. 10, but with possible
substrates and isolating layers removed. It appears in fig. 10 as a planar x,y
electrode matrix and with the logic elements formed at each overlapping
intersection between the electrodes 2;3 in the first and the second electrode

20 structure, which here are mutually isolated by the isolating material 6. A
planar matrix embodiment of this kind may be stacked layerwise in order to
provide a volumetric data-processing device with k stacked planar structures
S1,..-Sk, as shown in fig. 11. It must then be provided layers 7 of electrical
isolating material between each planar structure S which in section will

25 appear roughly as shown in fig. 11. The electrodes 2,3 may be connected to
not shown addressing and detection lines, i.e. current and voltage buses, e.g.
provided in a semiconductor device made for this purpose, along the side
edges of the volumetric device, or if the device is integrated as a hybrid
device on silicon substrates, conveyed directly to drive voltage and control

30 signal lines connected with driver and control units implemented in the
silicon substrate in a compatible semiconductor technology. Addressing and
detection may for instance take place in time multiplex or by using a logic
addressing of each individual logic element. The number of logic addresses
will then be the product of the number of stacked matrix structures or layers,

35 the number of rows and the number of columns in each matrix structure. The
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preferably generates a field strength of about two tines the coercivity
field or nore. The pol arization of th20logic element-wll thence _:-,.;
move fromthe point | . to 111, prowdedthat the read.vol't dge- has.a,,’
positive sign. Due to the form of 10 t he hysteresis loop which in this
case is very cl ogember bfisaparate addressescwill s the sum offthe munthsraofi x and on
state froml to I

él'ehtrWdPs it ﬁqgg&os EWB%'et eC{yb E)f S‘hm theCHéAFi6E. The

transfer between ectro

ttansfer betweencembingtion ebtime mulmlaI@Xc e ngtaqddressmgmaw bp&éq:g/be
k
1S a negat ! verd &‘H@r;&?‘.rééle%’%%?fi’%%i“beﬂara'é‘ieé??ﬁf%%%“ﬂt@‘“%@m “@r

the hystere$is '6®Ip, hxghewrlte and repd speesis &mﬂmtregarc} eeference mpy algpbeimad
the el ectrodes athggﬁ {:1 Qk%ﬁf‘memcall r n?%ﬁhfﬁté&%%bro%és?ﬁ{rgegéﬁ%es as they

i nsignificantly erea ter give _ transi ent
current pul se \/\kﬁ%ﬁ%@ﬁﬁé@éﬁﬂtﬁ esedcisulng natqné applicatiopoi nts Vv and

VI on the hySt e H?NUD‘WOGVE 8f Ttﬁ@ hgﬁ ﬂ;é‘é&ﬁf F thé diugSio Tn2<9fth¢= FELNEEN
t he points on th steres e Cclrcunstance 0
e ectrode dev1ces as they are dlsclosed in the above-mentioned Norwegian

10 patent application 972803 of the present applicant.

It will be obvious to persons skilled in the art that the logic elements realized
either as bistable switches or memory cells may be used to configure logic
gates or be included as switches in processor networks and arithmetic
registers, possibly integrated with the logic elements realized as memory

15 modules, or that the logic elements all are realized as memory cells, such that
the device in fig. 11 will be a volumetric data device with high storage
density. With the use of ferroelectric thin films it will be possible to achieve
film thicknesses in the range of about 100 nm and corresponding electrode
dimensions, something which implies that the voltages in order to generate

20 the necessary field strengths will be in the range of about 10 volt. On one
um? it will then be possible to realize about 100 logic elements or memory
cells, something which will imply a substantial improvement of the data
storage density when compared to data storage devices of the ROM or RAM
types based on conventional semiconductor technology.

25
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reI atlvely flat hysterwrs*ﬂ*oop—r—n—vrh'er—vxords will inmply that the
pol ari zati on onlymll tle guring the appli.cation of a :.

pasitive voltage field, l ﬂmnﬂum thange during the application’ of'?a';'-
correspondi ng positive vottdget ™ S when the logic nmenory elenent is at

point Il on the hysteresis loop wll 25 cause a very |l arge change of the
pol ari zation an l.cu rI subst anti al part of the change w |
t ake pl ace bet \Ag%ﬁafm%d@ﬁ and VI on the st eepest portion of
the hysteresis |oop and also take place in a very short tine peri od,

sonet hi ng whi ch lesul Asferroalétrishdate-preacssing dewine; partieulanlyi forpraeessing

t he detected out [ in the
30 readout b @V\J‘/ie/gfl sgﬁﬁée o-f’taafa ng{ ?iﬁ\?%ggﬁﬁsd’vg &@ﬁymhp?gérhl%%%t 6n state
in the pmamprlsmg ] H@tmyswmmdlmpnatha fsrmo@ﬁ e tllmcﬁknééb@ di ngly

tedcb I [11
represente yh ferroele&tjPﬁ: ﬂﬁté}ﬁal Wh‘é?elhrlﬁe%ﬁo‘%'l 1% rhﬁt%?lal});?ea gﬂggﬁf%

and IV on the represent t sat urati
respectively t heelpgfsm ﬁ@éd ey Qttﬁt!n a f'I'St Orrfe$RAd P Qlarizationtstals, }ah@m%en

the applied el eciyitchéd toth9 diSofdeT&Y Sthte t88ne of the polarization states or from the
first to the second polarization state or vice versa, wherein the ferroelectric
material comprises logic elements (4), wherein a polarization state assigned
10 to a logic element (4) represents a logical value of the logic element, wherein
the ferroelectric thin film (1) is provided as a continuous or patterned layer,
wherein a first and second electrode structure each comprises substantially
mutually parallel strip-like electrodes (2;3), such that the electrode structures
mutually form a substantially orthogonal x,y matrix, wherein the electrodes
15 (2) in the first electrode structure constitute the columns of the electrode
matrix or the x electrodes and the electrodes (3) in the second electrode
structure the rows of the electrode matrix or y electrodes, wherein a portion
of the ferroelectric thin film (1) at the overlap between an x electrode (2) and
a y electrode (3) of the electrode matrix forms a logic element (4) such that
20 the logic elements (4) jointly form an electrically connected passive matrix in
the data-processing device (2), and wherein the data-processing device is
characterized in that a layer (6) of an electrical isolating material-is provided
between and adjacent to the electrodes (2;3) of the first and the second
electrode structure, that the ferroelectric thin film (1) is provided in the form
25 of a continuous or patterned layer over the electrode structures on one side
thereof, and that the logic elements (4) are formed respectively in a portion
of the ferroelectric thin film (1) along the side edges of an y electrode (3)
down to the x electrode (2) at the overlap between the x electrode (2) and the

y electrode (3).

30 2. Data-processing device according to claim 1,
characterized in that a logic element (4) forms a bistabile switch in a data

processor means.

3. Data-processing device according to claim 1,

characterized in that a logic element (4) forms a memory cell in a data
35  storage means. ' S ——
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35 pol arization wl| tlvelyfromlll to.l and froml.V .,
to Il on the hyste m, m" "" aI | 220f course, be -understoed that,,:;
in order to drive the larmza romI to Il the fireld nust .,* «°

according to the convention follomed
REPLACEMENT SHEET Data-processmg device accordmg to claim 1,

be posi t 1 ve. whFReracterizsd if ihat e elestmadestrusteresand the Eme@eﬁmt thip I ©
correspondi ngl y(1parecprovided onst substraegat i ve.

5. Data-processing device according to claim 1,
5 characterized in that the ferroelectric thin film (1) is formed of a ceramic

material.

6. Data-processing device according to claim 1,
characterized in that the ferroelectric thin film is formed of a ferroelectric

liquid crystal material.

10 7. Data-processing device according to claim 1,
characterized in that the ferroelectric thin film (1) is formed of a polymer or

copolymer.

8. A data-processing device according to claim 7,
characterized in that the polymer is polyvinylidene fluoride.

15 9. Data-processing device according to claim 1,
characterized in that the copolymer is a vinylidene fluoride/trifluoroethylene

copolymer.

10. A method for manufacturing a ferroelectric data-processing device
according to claims 1-9, characterized by successive steps for depositing a
20 first electrode structure on a substrate, depositing a layer (6) of electrical
isolating material over the first electrode structure, depositing a second
electrode structure over the isolating layer (6), removing the isolating layer
(6) where it is not covered by the second electrode structure, such that the
- electrodes (2) in the first electrode structure are exposed except in the
25 overlapping intersections between the electrodes (2;3) of respectively the
first and the second electrode structure, and depositing a ferroelectric thin
film (1) in the form of a continuous or patterned layer over the electrode

structures.

11. A method according to claim 10, characterized by the substrate being
30 formed of a crystalline, polycrystalline or amorphous semiconductor
material, for instance silicon.

12. A method according-to claim 10, characterized by depositing a

continuous layer of an electrical isolating material between the substrate and
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Now it shall be remarke or the detection -of the . .
pol ari zati on tI“l“ﬂ“Illllmmwﬂm des23 uctive, as the |ogi c el errent %
after the readout arrlves i-rf % pol f’;\rl zation state represented by-thes'
point 11l and thereafter drifts back to the stable state at |. If
t he readout of theﬁmleeleatwde structure befareldepositingtlen first electrode atrugire on

el enent al ready vvaslbﬂ @_ this polarization state will, of course, be
ret ai ned. Afterh§§ RH4E of thé data st orage devi ce based on ferroelectric

menory .cells according tqQ t [ ntlon rmati on. hence, may be regarded
10 as destrut3ed m&Fhoq’rg?ﬁf el nsthenac{q%gsglpg d@gb%exe&élrg\%l"i’\ﬂ ?n t he
sane | oofrrsdigtRic @é.thﬁﬁ*’oc@ss%g Hevide, ?’ agtitulaely 4 férzoellecadulr se,
corresponds to an erasin

d h t
consequencds i fd Qﬂﬁep@tcﬁgﬁg device aqw@m‘%@aﬂﬁlmﬁabgsw eeFe B Fégé&:’(?ﬁ%‘a | \pfsf

readout only isg ??Gﬂéicb?fot feadout and coﬁﬁiriﬂefsls'tqﬁs ﬁmﬂ*elspéémﬂﬂy readinge
original infornma

necessary with \éerrlggéttslé’é :anFiz'FFa‘lés ﬁggfﬁz%"’gl%b]f éRévhﬂpgdg ]tE? rea(ﬂng S\{%I\’/\/Ptch(jﬁ%?
the | ogic el emegithideterfiih€d poldrizatidn foha 10 clelement ahd detedthigea charge
transfer between the electrodes thereof as an either high or low first current
10 value indicative of a logical value stored in the logic element, applying in the
verification step a voltage of the opposite polarity to that of the voltage
applied in the reading stép and detecting a charge transfer between the
- electrodes of the logic element as a high second current value, and, in the
case the logical value stored in the logic element was destroyed in the
15 reading or the verification step, applying in the step for reset a voltage to the
logic element restoring an initial polarization state thereof.

14. A method according to claim 13, characterized by performing reset

after reading without verification by applying a voltage of the opposite

polarity to that of the reading voltage only in the case of detecting a high
20 current signal in the reading step.

15. A method according to claim 13, characterized by reset being
performed after reading in conjunction with verification by applying a
voltage of the same polarity as that of the reading voltage only in the case of
detecting a low current signal in the reading step.

25 16. A method according to claim 13, characterized by applying a voltage
which between the electrodes (2,3) of the logic element (4) generates a field
strength which is more than twice the coercivity field of the ferroelectric

material.

: 17. A method according to claim 13,
30 characterized by generating the applied voltage in the readlng and/or
verification steps as a ramp voltage.

18. A method according to claim 13,
characterized by generating the applied voltage in the reading and/or

verification steps as a threshold voltage.
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but which after the readout will be in the pol ari zation state |, bhack to. --.

t he pol arization state Il by applyinpg negative voltage for.:the..: ...
reset and preferably with the sane field strength as in t he-r'eadolt s+
The pol ari sation 20 wi'll then take place along the hysteresis |oop from

| to IV, where fidie fAeheihod according!terdlaiind, and the |ogic elenment drifts
back to the original polarization St

e . .at Ll. The reset of..a logic
el ement to the asteBized fyhhe capren defegtion jaking place by sampling in t HHE'%
destructed thi gshaine, can automatically take place by suitable :
verification and nonitoring procedures inplenmented over the control

circuits 25 th - i ' : ' :
sof twar e cont r dt-ed & metBIHATFERE S, dleith 13, erdB¥riptd by 6} Hiferk Betection
there will5in tihaheasadingfstepeaking placepin artimaryimdosy dependent anothe; satysation

ot her words in t.hg cl%‘ffs{a%reioqqhgﬁ)oﬁ%?zﬁﬁi@ri zation ~ state | to the
, € Dbé ou

pol ari zati on sttHf once no put a current signal with a
transient and this nay then cons{itute the verifjcation si |, _
correct 30 Zdadout fﬁ?thpaeaCSSF ngg:glaim 4y a‘?‘éﬁb’ %aggr#@ﬁx g@ é‘?rfg%tr by

appl yi ng to theetection taking place by a level comparison.

22. The use of a data-processing device according to any of the claims 1-9
10 in a volumetric data-processing or storage device.

BT

—_—_—

—_—

This Sheet Has Beeﬁ R

W

THIS SHEET HAS BEEN | T
" REPLAGED ENDEN SHEET




| ogi ¢ el enent a voltage with opposite sign and reading a strong current

e logic elenent will then be swtched froml to:;ll and nust

. It will -in_other words qgi@d y be realized that dependent
n

signal, but th
hence be reset
on t he
t he readout, 3
will be

be. made to the

initial polarization state

d a possible destruction during

5 the use of verification procedfres and reset procedures
i nterchangeable. In order to easigr show this reference may
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acconpanyi ng tabl e which- di scl-oses the preferred nodes for respectively
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voltage. If the hysteresis |loop on the contrary has.a .pore gentle course
between Il and V, and between V and VI, small-’signal det'ection nay:yet be
15 used and reliabl e .detection be obt ai wi t hout. regching the =i -
saturation state ITI, while the ab¥éMce of a sharp vol tdge t'hr €2hol d
at V. makes it easy to avoid a destructive read-out. As

al ready stated the formof the hysteresis upo which ndent on the
material, will be of inmportance for the rh“ ARWH“' ;&ﬁﬂgtected in a 20
readout. As the hysteresis loop is depigted in fig. 7, it wll be *
advant ageous that the read volta& dr the applled electric field
which is used for detecting th the form of
a threshold voltage, i.e. attains i maxi nrum val ug i nmedi at el y.
Dependent of the polarization respgnse and/or thefti const ant of
the polarization it may be justififd usingla ranp voltadg, i.e. a

vol tage which continuously increages to the desired maxifnum val ue
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whi ch preferably will be-twice the coercivity field or sorrév\hat nor e.

17
| 4/5

0.35
0.20
0.15
010
0.05
0.00
0.40
0.30 -
0.20
0.10 |
0.00 LA

70 MV/m /55 MV/m

D (¢/m?)

70 MV/m

100 MV/m

oD /Ologt

AWENDED SHEET



[efr]

T0 BRIVING /
CONTROL CIRCUITS

5/5

TO DRIVING /
CONTROL CIRGUITS

- Fig. 11

AMENDED SHEET

[y

L Y

v -d



18' In a passive WHME&&QH)I%ETGM rode matr | i

c@Grrents and res T dorponent s mngmgw%e‘eg
may mask a weak ou Pite Siaq a.ﬁmil n tthe current no suc

appear on detection of fh 8 gl”ﬁ 'ppUP rfi qatipn state I, |Iera tr#rébe?b
signal as it is obtainegd f | 5 t he polarlzath tate |1,
wll "be clearly discri nj nat ed because the di spl acenent currents I n

and appear | not o TRREHE AT protaugliig Bevlcel’ Lge. which also is o
The present invention concerns a ferroelectric data-processing device,
particularly for processing and/or storage of data with active or passive

~ electrical addressing, comprising a data-carrying medium in the form of a

5 thin film of ferroelectric material, wherein the ferroelectric material by an
applied electric field may attain a first or a second polarization state by being
switched from a disordered state to one of the polarization states or from the
first to the second polarization state or vice versa, wherein the ferroelectric
material comprises logic elements, wherein a polarization state assigned to a

10 logic element represents a logical value of the logic element, wherein the
ferroelectric thin film is provided as a layer, wherein a first and second
electrode structure each comprises substantially mutually parallel strip-like
electrodes, such that the electrode structures mutually form a substantially
orthogonal X,y matrix, wherein the electrodes in the first electrode structure

15 constitute the columns of the electrode matrix or the x electrodes and the
electrodes in the second electrode structure the rows of the electrode matrix
or y electrodes, wherein a portion of the ferroelectric thin film at the overlap
between an x electrode and a y electrode of the electrode matrix forms a
logic element such that the logic elements jointly form an electrically |

20 connected passive matrix in the data-processing device.

—

The present invention also concerns a method for manufacturing the
ferroelectric data-processing device, as well as a method for readout in the
addressing of logic elements in a ferroelectric data-processing device,
particularly a ferroelectric data-processing device according to claims 1-9,
25 wherein the method supports a protocol for readout and comprises steps for
respectively reading, verification and reset. Finally the invention concerns
the use of a ferroelectric data-processing device according to the invention.

Generally the invention concerns data-processing devices with logic elements
' implemented in a ferroelectric material. The phenomenon of ferroelectricity

30 is in this connection supposed known by persons skilled in the art, as the

field is comprehensively treated in the literature, for instance in J.M. Herbert,

Ferroelectric Transducers and Sensors, Gordon and Breach, 1982, wherein in

pp. 126-130 there is proposed using a ferroelectric memory based. on. smg]e

crystals of barium titanate provided between orthogonal electrodes 1'_ an’ x,y
35 electrode matrix. The author concludes that there are substantlal pra;;t,l;:al



the case of the resistive conponents. The resistive current c
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further be present as long as the field is applied to the | ogi .elleme.nt. I t
will 10 hence in every case be possible with a distinct disc |mnag|_ﬁ‘N1zgg2

di scern between the polarization statg | or polarizatiop state I
By the detection of the polarization state Il on the hyfteresrs—toop
and the use of positive read vol tage the pol ari zation Il nove from

Il to I'll and tdi'ﬁi&ﬂii%%oﬁﬂéét%ﬂtwﬁhﬁﬁe use of feﬁoﬁé&ﬁ%@ﬁ&lﬁ%@ﬁ% 1@90' the
resistive current conponent w |l have a_ 15 response as-sho I'n firg. 8.
The transi ent infarmation sierage in this simple mannepchikregard of rgcent sunyeyay At

after applicati a ' ' i ndow
tlerr] which dgggfna‘é‘éﬁ’ 1EferERCe 4 nﬁfé??ﬁ%“?FZ?q‘%B!%%g%%%- Apdersolt e
two steepest pardyancssdn Rhysiosy el 44 No.dopmorl-$7 §1992)-As wi |l be seen,

t he current signal is distinctly discriimnated relative to the
di spl aceneht cUhor Bhistide the devdelopementsofferseel ectricamenorigsoiea histohical

?ﬁ;,{eg;icgni ga%lhtecgia?erzr@’l emectﬁa%\},%etrpgy rﬂe ﬁﬁlﬁghb@pgﬂer%sy W'J.ei(fr’érzca%*ﬁ)i‘ .rli.sgrqde;s%h

' titled “Ferroelectric Storage Devices”, which was published in September
1955 (Bell Lab. Records, 1:335-342 (1955)) and discloses the use of
inorganic ferroelectric crystalline materials, particuiarly barium titanate in

10 mémory and switchin'g devices. Particularly they suggest a ferroelectric
memory device based on this material, the latter being provided as a planar
50-100 pm thick slab between overlapping sets of parallel electrodes, one set
of the electrodes being orthogonal to the electrodes of the other and thus
providing ferroelectric memory cells in portions of the ferroelectric material

15 between the overlapping electrodes. Thus they disclose a ferroelectric device
with a passive electrode matrix for addressing (see fig. 10 of their paper),
anticipating the general layout of all later ferroelectric memory devices with
matrix-based addressing. They even hint at the use of transistors for
switching, but forming an active memory cell with a switching transistor and

20 with sufficiently small dimension would hardly be practical before the advent

of, say integrated field effect transistors.

As mentioned above, the data-carrying medium is a ferroelectric material in
the form of thin film. Such ferroelectric thin films which either may be
inorganic, ceramic materials, polymers or liquid crystals have been known

25 for some time and it may in this connection be referred to the above-
mentioned article by Kepler and Anderson. There are for instance from J.F.
Scott, Ferroelectric memories, Physics World, February 1995, pp. 46-50,
known data storage devices based on ferroelectric memory materials. They
all have in common that at least one transistor is necessary in each bit

30 location or memory cell. In the most common embodiments the ferroelectric
material is used as a dielectric in the associated memory circuit and
comprises a bit-storing capacitor. Due to the high dielectric constant of
ferroelectric materials, the capacitor may be made much smaller than
otherwise possible and will additionally provide a quite superior charge

35 lifetime. Recently the development has focused on another property of
ferroelectric materials, namely their ability to be polarized electrically when
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f1 ux emory cell circuit, the transconductance ¢ aractenstlcs of the transistors
may be controlled by controlling the polarization state of the ferroelectric
material. The latter may be switched, for instance by polarizing fields with a
direction which either causes a transconductance state "on" or "off" in the

10 transistor.

EP patent No. 0 721 189 discloses a ferroelectric memory with discrete
memory cells provided in an electrode matrix. In addition to a discrete
ferroelectric capacitor each memory cell also comprises switching means,
preferably in the form of at least one transistor. The discrete memory cells

15 hence do not form a passive matrix. With discrete memory cells it shall here
be understood that the ferroelectric capacitor is formed by a discrete
component, such that the ferroelectric material cannot form a continuous
layer in the matrix. There are provided separate data and selection lines and
the readout of a stored datum may take place in current or voltage mode on

20 data lines provided for this purpose, but according to a relatively complicated
protocol, such as disclosed by patent claim 6. It must also be remarked that
the number of memory cells connected in a data signal line must be adjusted'
in order to accommodate parasitic capacitance on each data signal line during
the readout, such that the voltage variation on one of the data signal lines is

25 minimized.

US patent No. 5 592 409 concerns a non-volatile ferroelectric memory
wherein data may be read out without destruction. The memory cells are
included in an active matrix and are formed as transistor structures therein,
wherein the gate electrode forms one of the electrodes in a ferroelectric

30 capacitor. It is evident that the ferroelectric capacitors are discrete
components. The polarization of the capacitor takes place in a well-known
manner, but by the readout which takes place in current mode it is the drain
current that is detected, this in order to prevent the stored data from being

erased.
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Even if the use of ferroelectric materials as mentioned above represents
substantial improvements relative to alternative technologies for storage of
data, the basic architecture of ferroelectrically based memories is directed to
the use of active microcircuits included in each memory cell. This has

5 negative consequences for the achievable data storage density, i.e. the
number of bits which may be stored on a given surface area, as well as for
the cost for each bit stored, something which partly may be due to
complicated manufacturing technology and the use of active semiconductive

components.

10 Recently proposals have been made for a return to ferroelectric memory

devices configured as a memory cell array in a bassive electrode matrix.
- Thus US patent No. 5 329 485 (Y. Isono & al.) discloses a memory element

and a matrix memory-cell array including memory cells each having a
non-linear conductivity bipolar switching element constituted by a

15-  multi-layered structure which performs writing/reading operations of a
polarization state on a ferroelectric body which forms a recording medium of
the memory cell. The switching element is in the form of an insulating film
which acts as a switching element to accumulate charges in a
charge-accumulating ferroelectric capacitor which constitutes the memory

20 cell proper. The insulating film, which particularly may be a polyimid film,
allows a direct tunnel current to flow when a voltage exceeding a
predetermined value is applied to the insulating film. When the voltage is
turned off, the film recovers its insulating property and retains the charges by
preventing leakage thereof. According to Isono & al. the film shall have

25 non-linear current voltage characteristics and provides a high write speed
without a high operation voltage due to a large part of the drive current of the
insulating film being a direct tunnel current. This also allow a high
integration density of the memory cells, while the switching film forming a
diode junction in the memory cell reduces crosstalk between the cells.

30 US patent No. 5 375 085 discloses another example of a ferroelectric
memory in the form of a ferroelectric integrated circuit realized with a
passive electrode matrix with a ferroelectric layer provided between the
electrode sets forming the substantially orthogonal matrix. As usual, the
memory cell is formed in the portion of the ferroelectric layer between the

35 overlapping electrode of each electrode set. By providing an insulating layer
over the electrode matrix a second electrode matrix may be deposited on the
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Additionally it could also be mentioned that passive matrix addressing is, of
course, well-known in the case of ferroelectric liquid crystal elements as for
instance used in liquid crystal displays. Reference may in this regard be made
to e.g. US patent No. 5 500 749 (Inaba & al.)

10 It has also been shown that ferroelectric polymer materials may be used in
erasable optical memories. For instance there are disclosed devices for
ultrafast non-volatile information storage with ferroelectric polymers as the
active storage elements (IBM Technical Disclosure Bulletin 37:421-424 (No.

" 11, (1994)). Preferred embodiments utilize poly(vinylidene fluoride) (PVDF)

15 or PVDF-trifluoroethylene (PVDF-TtFE) copolymers as the ferroelectric
material since these polymers can be obtained as very thin films and can have
response times better than 350 picoseconds. The ferroelectric polymers can
be used in the gate of a standard dynamic or static RAM device. The most
basic information storage device suggested consists of a ferroelectric thin

20 film with a set of parallel conducting electrodes deposited on one side and an
orthogonal set of conducting electrodes deposited on the other side. The
individual storage cells are formed at the junctures of the opposing |
electrodes. A stack of two-dimensional passive arrays of this kind can be
fabricated by alternately depositing conducting strips and ferroelectric

25 material to build up a three-dimensional arrﬁy of ferroelectric capacitors
which easily could be stacked vertically on an integrated circuit with
addressing logic sense amplifiers and thus providing a volumetric or
three-dimensional ferroelectric memory.

_ Further, M. Date & al. has in the paper "Opto-ferroelectric Memories using
30 Vinylidene Fluoride and Tfiﬂuoroethylene Copolymers", IEEE Trans. Electr.
Ins., Vol. 24, No. 3, June 1989, pp. 537-540, proposed a data medium

comprising a dye-doped vinylidene fluoride trifluoroethylene copolymer with
a thickness of 2um, spin-deposited on a ITO coated glass plate. The
information is written as sequences of positive and negative polarizations

35 generated by irradiating with a focused laser beam with a diameter of about
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the arrangement of the electrode matrix gives rise to serious fabrlcatlon
problems when an organic ferroelectric memory medium is used in
combination with inorganic, i.e. metallic electrode strips and inorganic

10 substrates, due to the need for processing the various materials in different
thermal regimes. Realized as thin-film structures both organic materials as
well as crystalline inorganic ferroelectric materials have turned out to be
thermally incompatible with the temperatures required for processing the
other materials of the device.

15 The object of the present invention is thus to provide a simple logic
architecture which may be used for realizing either bistable switches or
memory cells in a data-processing device or to provide a purely ferroelectric
data storage device which offers the possibility of storing a very high number
of bits in an area unit and which at the same time may be produced in simple

20 manner in high volume with low cost, such that the above-mentioned
disadvantages of the prior art thin-film devices are avoided.

This object and other advantages are achieved according to the invention
with a ferroelectric data-processing device which is characterized in that a
layer of an electrical isolating material is provided between and adjacent to
25 the electrodes of the first and the second electrode structure, that the
ferroelectric thin film is provided in the form of a layer over the electrode
structures on one side thereof, and that the logic elements are formed
respectively in a portion of the ferroelectric thin film along the side edges of
an y electrode at the overiap between the x electrode and the y electrode; a
30 method for manufacturing a ferroelectric data-processing device
characterized by successive steps for depositing a first electrode structure on
a substrate, depositing a layer of electrical isolating material over the first
electrode structure, depositing a second electrode structure over the isolating
layer, remoiring the isolating layer where it is not covered by the second _
35 electrode structure, such that the electrodes in the first electrode structure is
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of "Separat o addPERSsEely £he bask i Sifnpesond lontTage stk tireaAddepositing a
ferroelectric thin film in the form of a layer over the electrode structures; and
a method for readout characterized by applying in the reading step a voltage
5 with a determined polarity to a logic element and detecting a charge transfer
between the electrodes thereof as an either high or low first current value
indicative of a logical value stored in the logic element, applying in the
verification step a voltage of the opposite polarity to that of the voltage
applied in the reading step and detecting a charge transfer between the
10 electrodes of the logic element as a high second current value, and, in the
case the logical value stored in the logic element was destroyed in the
reading or the verification step, applying in the step for reset a voltage to the
~ logic element restoring an initial polarization state thereof.

Advantageously, a logic element forms a bistable switch in a data processor
15 means or a memory cell in a data storage means.

According to a preferred embodiment of the invention the electrode
structures and the ferroelectric thin film are provided on a substrate.

According to the invention the ferroelectric thin film is advantageously
formed of a ceramic material or a ferroelectric liquid crystal material or a

20 polymer, the polymer preferably being polyvinylidene fluoride, or a
copolymer, the copolymer preferably being a vinylidene
fluoride/trifluoroethylene copolymer.

In the method for manufacturing the ferroelectric data-processing device it is
according to the invention advantageous that the substrate is formed of a

25 crystalline, polycrystalhne or amorphous semiconducting material, for
instance silicon.

Advantageously, a continuous layer of an electrical isolating material may be
deposited between the substrate and the first electrode structure before
depositing the first electrode structure on the substrate.

30 In a first embodiment of the method for readout reset is performed after
| reading without verification by applying a voltage of the opposite polarity to
that of the reading voltage only in the case of detecting a high current signal
in the reading step.
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5 In the method for readout according to the invention it is particularly
preferred applying a voltage which between the electrodes of the logic
element generates a field strength which is more than twice the coercivity
field of the ferroelectric material. Advantageously, the applied voltage is
generated as a ramp voltage or a threshold voltage in the reading and/or

10 verification steps.

In the method for readout according to the invention it is particularly
preferred that the current detection in the reading step takes place either by
sampling in the time domain or in a time window dependent on the saturation
time constant of the polarization. Advantageously the current detection,

15 particularly in the latter case, takes place by a level comparison.

The data-processing device according to the invention is used in a volumetric
data-processing or storage device. '

The invention shall now be explained in more detail in connection with
examples of embodiments of both the data-processing device and the method
20 and with reference to the accompanying drawing, wherein

fig. 1 shows a prior art embodiment of a ferroelectric data-processing device
according to the invention, seen in plan view,

fig. 2 the prior art data-processing device in fig. 1 in a schematic section
taken along the line A-A in fig. 1,

25 fig. 3a a plan view of a logic element in the prior art data-processing device
in fig. 1,

fig. 3b schematically the polarization of the logic element in fig. 3a,

fig. 4 an embodiment of the data-processing device according to the present
invention, seen in plan view,

30 fig.5 the data-processing device in fig. 4 in a schematic section taken along
line A-A in fig. 4,
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copolymer material as used in the data-processing device according to the

invention,

fig. 8 a diagram of the time response of a detected output signal from the
data-processing device according to the invention,

fig. 9 a diagram of the switching characteristics of a ferroelectric copolymer
10 material,

fig. 10 schematically and in perspective the data-processing device in fig. 4
as an X,y electrode matrix with x=y=5, and

fig. 11 the data-processing device corresponding to that in fig. 10 and
arranged in stacked layers in order to implement a volumetric configuration.

15 In the following examples of embodiments of the ferroelectric
data-processing device according to the invention shall be disclosed in
connection with data-processing devices with the logic element configured as
memory cells, i.e. the device in its entirety implementing a data-storing
device. Similarly there shall in the following only be referred to the use of

20 passive electric addressing of the individual logic element. — Before the
inventive device is discussed in more detail shall, however, a prior art
ferroelectric data storage device as depicted in fig. 1 briefly shall be
described.

_ Fig. 1 shows the prior art data storage device with a ferroelectric thin film 1
25 provided between a first and a second electrode structure. The first and the
second electrode structures form as shown in the plan view in fig. 1 a two-
dimensional x,y-matrix with the electrodes 2 of the first electrode structure
as columns in the matrix or x electrodes and the electrodes 3 in the second
electrode structure as rows in the matrix or y electrodes. Electrodes 2, 3 are
30 connected to respective driver and control circuits 5 for driving the

electrodes and detection of output signals. - REPLA CEMENT SHEET

03 JAN 2002
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and/ or storage of data with active or passive electrical addrgs
10

The electrodes 2,3 and the ferroelectric thin film are as shown in section in
fig. 2 taken along the line A-A in fig. 1, provided in sandwich configuration
between a not shown overlying and underlying substrate which for instance
may consist of crystalline silicon. The substrates are for the sake of clarity
5 also left out in fig. 1. Between the respective substrates and the electrodes 2,

3 and the ferroelectric thin film 1 there may be provided not shown layers of
electrical isolating material. As the substrates themselves have been made in
semiconductor material, the driver and control circuits 5 may advantageously
be made integrated with the substrates in a compatible technology, for

10 instance along a side edge of the data-processing device as suggested.

Fig. 3a renders enlarged the overlapping intersection between an x electrode
2 and a y electrode 3 as well as the active area 4 which constitutes a logic
element in the ferroelectric thin film 1. This active area 4 will, when
applying to the electrodes 2, 3 a drive voltage which generates an electric.
15 field between the x electrode and the y electrode 3, be polarized electrically
in a direction which is determined by the sign of the drive voltage or the
polarization voltage. The logic element 4 with the active area in the
ferroelectric thin film 1 between the electrodes 2, 3 taken along the line B-B
in fig. 3a, is shown schematically in polarized state in fig. 3b which implies a
20 polarization in the direction "up" which for instance may correspond to the
positive polarization and hence represent a state logic 0 or logic 1 in the logic
element 4 or in the memory cell formed in the volume of the ferroelectric
thin film 1 in the overlapping intersection between the x electrode 2 and the y
“electrode 3. The detection of the polarization state, i.e. whether it is positive
25 or negative, may now quite simply take place by passively addressing the
logic element 4 with a voltage and by detecting the polarization state as
representative for a determined logical state in the logic element 4 by the
charge transfer between the electrodes 2, 3 during the addressing, hence in
current mode. The output signal is registered by the control circuits and
30 corresponds to the reading of the logical value assigned to the logic element
4 or memory cell by its present polarization state. This shall, however, be
discussed in more detail in connection with the following description of the
addressing of the data-processing device according to the present invention.

A data-processing device according to the invention is shown in fig. 4.
35 Herein the electrode structures are realized in a bridge configuration which,
however, per se is known from NO patent application 973390, filed 17 June
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el ectrodes, whdeeice therfefidedevteic thive fil & 1 ORbweVér,Gs provided over the electrode
structures. The electrodes 2 of the first electrode structure are electrically
isolated from the electrodes 3 in the second electrode structure by providing
10 a layer 6 of electrical isolating material in the intersection between the
electrodes 2, 3. The active area in the ferroelectric thin film 1 and which
comprises the logic element 4 itself, will thus appear as shown in plan view
in fig. 6a and in section shown in fig. 6b taken along the line B-B in fig. 6a.
In fig. 6b also the polarization of the active area is shown for a corresponding
15 polarization as in fig. 3b, but with the field lines curved along the side edges
of the isolation layer in the active area. The drive and control circuits may be
realized in semiconductor technology and provided in the not shown
semiconductor substrate or as separate circuit modules 5 provided along the
side edges of the matrix as disclosed by fig. 4 and 5. '

20 In the manufacture of the embodiment shown in figs. 4 and 5 the first
electrode structure is deposited on a substrate and then covered by an
isolating layer 6. On the top of the isoiating layer 6 the second electrode
structure is now deposited, such that the first and the second electrode
structure once again form a two-dimensional matrix configuration wherein

25 the x electrodes 2 are the columns and the y electrode 3 the rows. In the areas
where the isolating layer 6 is not covered by the electrodes 3 in the second
electrode structure, the isolating material is now etched away, such that the

_electrodes 2 in the first electrode structure still are completely electrically
isolated from the electrodes 3 of the second electrode structure at the

30 intersection of the electrodes, but else exposed. The ferroelectric thin film 1
is now provided over the electrode structures before all parts possibly also
are covered by an overlying substrate. Otherwise the embodiment is wholly
similar to that shown for the prior art device in fig. 1 and 2. One advantage
of the embodiment in fig. 4 and 5 is that the electrode structures and the

35 accompanying connections and driver and control circuits are provided on for
instance crystalline silicon substrates before the ferroelectric thin film is
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a bistable sw gl okfbctriddhth film. The ferroelectric material may e.g. be an inorganic
ceramic material as lead zirconate titanate, a ferroelectric liquid crystal
material or thin films of polymers One instance of the latter is a copolymer
of vmyhdene fluoride (called VF2 or VDF) and trifluoroethylene (CoF3H,

10 called TFE) where the relative content of each component in thin film may be
varied in order to obtain different properties. Such copolymers may typically
have a low coercivity field and show a more square hysteresis loop than
which is the case for pure vinylidene fluoride polymers.

: The switching characteristics of ferroelectric polymers realized as vinylidene

15 ﬂuoridé/ttiﬂouroéthylené copolymeré are discussed in a paper by Y. Tajitsu
& al. with the title "Investigation of Switching Characteristics of Vinylidene
Fluonde/Tnﬂouroethylene Copolymers in Relation to Their Structures",
(Japanese Journal of Applied Physics, 26, pp. 554-560 (1987)) and shall be
regarded as a general reference in connection with the following description

20 of the addressing of a logic element or a memory cell in the ferroelectric
data-processing device according to the invention.

Fig. 7 shows the hysteresis loop for the polarization of a ferroelectric thin
film for instance made of vinylidene fluoride/trifluoroethylene copolymer.

Polarization in C/m2 is shown on the y axis and the interelectrode field

25 strength in V/m on the x axis. The ferroelectric thin film between the
electrodes will initially be in a disordered or unpolarized state and be
polarized when applying to the electrodes a voltage which generates a field
strength between electrodes greater than the coercivity field of the
ferroelectric material. The ferroelectric material will, dependent on the sign

30. of the polarizing voltage, attain an electric polarization with preferred
orientation "up" represented by the point I or the hysteresis loop or "down"
represented by point II on the hysteresis loop. The polarization states I and II
may also be used to represent a logic 0 or a logic 1 or vice versa. It shall be
remarked that the concepts "positive”, "negative", "up", "down" of course,
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must be regarded as conventionally normative, as they are determined as
soon as a determination has been made as to what shall be regarded as the

'positive or negative electrode or the polarization "up" or the polarization

"down". A corresponding convention will be valid for the choice of which
polarization state which shall be regarded as logic 1 or logic 0, and this
should not lead to problems provided a determined protocol is strictly
adhered to.

Consequently a logic element of a ferroelectric material which are in one of
two polarization states may represent a logic 0 or 1 or a binary 0 or 1 and be
implemented as either bistable switches in a data-processing device or
memory cells in a data storage device. The polarization of the logic element
to a determined state in other words represents writing of data to this logic

element.

It may be mentioned that the polarization of suitable ferroelectric materials

- used in a logic element may take place at room temperature and with high

speed by choice of suitable ferroelectric materials and the use of a
correspondingly high field strength by the polarization voltage applied to the
electrodes of the logic element. When the ferroelectric material is provided
as a thin film, this comports a number of advantages. As soon as the logic
element, i.e. the ferroelectric thin film material in the logic element has been
given a preferred polarization, this polarization state will last for an
indefinite time period at room temperature and in any case for many years
unless the polarization state is reversed by using a polarization field with
opposite sign. A cancellation of the polarization state may take place in '
analogy with ferromagnetic demagnetization by running the logic element
through a cyclic depolarization field. Strong heating of the logic element also
may lead to a destruction of the polarization state by the electric dipoles
loosing their preferred orientation.

The polarization direction along the hysteresis loop when applying a
polarization field is indicated with the arrows between the points I'and IV,
and V and VI.

The readout of data from the logic element shall now be discussed in
somewhat greater detail, also in connection with the hysteresis loop shown in
fig. 7. Once more references to expressions such as logic 0 and logic 1 or



4. Dat a- processi ng device according to claiml, ch |R Mﬂ" §HEET
that the electrode structures and the ferroel ectrlc thin film

are provided on a substrate. 5. Dat a- pr ocessi ng devijcedd 3 JAN 2002
according to claim1, 5 characterized ithat the ferroeljegtric thin _
film(l) is fornmed of a ceramc material. 6. . _

Dat a- processi ng device according to claiml1, characterized. in_that

the ferroel ect r‘1up"tdn 'rddwﬂl'hshasll beravedded aﬁd&l@éﬂe@iaﬂcémllycbe spoken bf @disitive or

crystal materi 6hega’ave polarlzatlon repre?en? 3 ?‘gslpe%tlvei/y ﬁy tﬁg %%rgon%tl t?leCI arm 1,
hysteresis loop which is located above the x axis and the portion of the
hysteresis loop which is located below the x axis. If the logic element now is

5 in a positive polarization state, represented by the point I on the hysteresis

loop, the readout takes place by applying to the electrodes a voltage which
preferably generates a field strength of about two times the coercivity field or
more. The polarization of the logic element will hence move from the point I
to II1, provided that the read voltage has a positive sign. Due to the form of

10 the hysteresis loop which in this case is very close to being square, a change
of the polarization state from I to III will lead to a wholly insignificant

- charge transfer between the electrodes, and by the detection of charge
transfer between the electrodes in the connected control circuit a very weak
current signal will be obtained. If the lo'gic element, however, is in a negative

15 polarization state, represented by the point II on the hysteresis loop, the
detected output current will by applying to the electrodes a positive voltage
for the readout, first rise insignificantly and thereafter give a vefy sharply
defined transient current pulse which represents the course between the
points V and VI on the hysteresis loop where the charge transfer is large.

20 Between the points I and II on the hysteresis loop the circumstance of a
relatively flat hysteresis loop in other words will imply that the polarization
only changes very little during the application of a positive voltage field,
while the change during the application of a corresponding positive voltage
when the logic memory. element is at point II on the hysteresis loop will

.25 cause a very large change of the polarization and particularly a substantial
part of the change will take place between the points V and VI on the
| steepest portion of the hysteresis loop and also take place in a very short time
period, something which results in the above-mentioned current transient as
the detected output signal. This will also make it easy to discern in the

30 readout between e.g. a logic 0 represented by the polarization state in the
point I on the hysteresis loop and a logic 1 correspondingly represented by
the point II on the hysteresis loop. The points I1I and IV on the hysteresis
lobp represent the saturation state for respectively the positive and the
negative polarization, and when the applied electrical field is removed, the

35 polarization will drift back respectively from III to I and from IV to II on the
hysteresis loop. It shall, of course, be understood that in order to drive the
polarization from I to III the field must according to the convention followed
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manuf acturing a ferroel ectric data-processi ng device agcordrng to
clainms 1-8, characterized by successive steps for depositing : flrst

el ectrode strudiegé QeCpbsaneelbwhilétlefoﬂeﬁOﬁi thHedpdlatiziieibn (fPdmoétafd HCtd I'¢al
i solating material over t e *.rst el ectrg)F structure, depositing a second

20 . el ectrodé’ogfetsﬁef‘f}}lg&/@ COWESS, TYISLOCHPEaYEr (6), renoving the

I sol ating | ayer 6) where-it is not covered by the second el ectrode
structure, sucBNewdt shald be remarked dhat thearcadont onthendetection of thetpaldeization

structure are grREHRYI WA dbdtridifve, as the logic element aftet the readout arrives in
5 a polarization state represented by the point III and thereafter drifts back to
the stable state at I. If the readout of the polarization state took place when
the logic element already was in I, this polarization state will, of course, be
retained. After a readout of the data storage device based on ferroelectric
memory cells according to the invention, information hence may be regarded
10 as destructed by all memory cells in the storage device being in the same
logic state, either 0 or 1. In practice, this of course, corresponds to an erasing
of information and need not have negative consequences if the stored
information only shall be read once or if readout only is required in a
particular application. If the original information still shall be stored, it will,
15 however, be necessary with a reset or refresh. This may take place by
switching the logic element which originally was in the polarization state II
but which after the readout will be in the polarization state I, back to the
. polarization state II by applying a negative voltagé for the reset and
preferably with the same field strength as in the readout. The polarisation
20 will then take place along the hysteresis loop from I to IV, where the field is
turned off and the logic element drifts back to the original polarization state
at II. The reset of a logic element to the original polarization state after a
readout, which destructed this stdte, can automatically take place by suitable
verification and monitoring procedures implemented over the control circuits
25 of the data-processing device and may for instance be software controlled
according to a readout protocol. For instance there will in the reset of the
polarization state at I to II, in other words in the switching of the polarization
state I to the polarization state II, once more be output a current signal with a
transient and this may then constitute the verification signal. Also a correct
30 readout of the polarization state I may be verified either by applying to the
logic element a voltage with opposite sign and reading a strong current
signal, but the logic element will then be switched from I to II and must
hence be reset. It will in other words quickly be realized that dependent on
the initial polarization states and a possible destruction during the readout,
35 the use of verification procedures and reset procedures will be
interchangeable. In order to easier show this reference may be made to the



overl appi ng intersections between the el ectrodes (2;3) of respectively the
first and the second el ectrode structure, and depositing a ferroelectric
thin 25 film(l) inthe formof a |layer over the el ectrode structures.
10. A met hod according to claim9, charactggized by formng the substrate
of a crystalline, polycrystalline or anorphous sem conductor material, e.qg.

silicon.

11. A nethod according to claim9, characterized by

depositing a | ax@onfanyn tafe &hmtdlgefz«}semé féfegregg@%agékop% %ﬁv%!}‘?

substrate and the first elect struc
first el ect rodé’e§f1?‘%tvﬂﬁi‘?ﬂﬁlqm@“y%i?ﬁeéi glvmg the polarity of the applie

10

15

20

25

epositrn
g voltage as

applicable, as well as resulting currency pulses denoted as low or high
according to whether the polarization state is changing along the loop from I
to III, possibly from IV to II, or from I to IV, possibly from II to III.

The procedure for read-out of data as discussed herein is regarded in spite of
the destruction as very advantageous when using ferroelectric materials with
a nearly square hysteresis loop, as is the case for VDF-TFE, as it gives a
reliable detection and verification and the reset partly takes place
spontaneously or in combination with verification. A pure small-signal
detection, for instance between II and V, is in this case more problematic
with regard to discrimination and requires an accurate control of the read
voltage. If the hysteresis loop on the contrary has a more gentle course
between II and V, and between V and VI, small signal detection may yet be
used and reliable detection be obtained without reaching the saturation state
I1I, while the absence of a sharp voltage threshold at V makes it easy to avoid
a destructive read-out. '

As already stated the form of the hysteresis loop which is dependent on the
material, will be of importance for the reésponse which is detected in a
readout. As the hysteresis loop is depicted in fig. 7, it will be advantageous
that the read voltage or the applied electric field which is used for detecting
the polarization state is in the form of a threshold voltage, i.e. attains its
maximum value immediately. Dependent of the polarization response and/or
the time constant of the polarization it may be justified using a ramp voltage,
i.e. a voltage which continuously increases to the desired maximum value
which preferably will be twice the coercivity field or somewhat more.
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23 C 12. A method for readout in the addressing of |logic elenents
in a ferroel ectric data-processing device, particularly a
ferroelectric dat a- processi ng device according to clains 1-8,
wherein the method supports a protocpf for readout and conprises
steps for respectively reading, 5 verification and reset,
characterized by applying in the reading step a voltage wth a
determ ned polarity to a logic el enent and detecting a charge transfer

bet ween the el ectrodes thereof as an either high or low first current val ue
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verification step a voltage of the opposite polarity to that OREMGE(MEME§HEET

10 applied in the reading step and detecting a charge transff g between

t he el ectrodes of the logic elenent as a high second currieng 3\/a_’AL"ag(mz
and, in the case the |ogical value stpged in the |ogic lellenment
destroyed in the reading or the verification step, appljyi

step for reset a voltage to the | ogi ¢ el enent restoring an initial

pol ari zation St £phliavenf addrbSsable dectrdid Hlafi?s EAAEERAL bRrrchid
characterized by E orm’'ng rese after a n out verl |cat|on

by applying a vr@stsygé caxrrmtecqmmmrtte may be gepsraetp ¥ s m&wtn@s @hweak
reading volt ag%lﬁg{ly sighal 'i‘ﬁtl?@éﬁn@ﬁt Hﬁi&ckhé‘ﬂ 1?°w'i'!1 QB ear on. de‘iék!t'i@ri‘bf ghgnal

in the readin accordi ng claiml

char act eri zed mplara%ttl%états Iztwhlle ?)él'raﬂé}qii'éélgﬂ% e:qs it éaebt?gnf:% badiqteﬁapnmf
with verifkcatithe paladeaion 8tatd I1, will be clearly discriminated because the

displacement currents in common dielectric materials vary linearly with the
field strength and appear instantly on application of the voltage, which also is
the case of the resistive components. The resistive current components will
further be present as long as the field is applied to the logic element. It will

10 hence in every case be possible with a distinct discrimination to discern
between the polarization state I or polarization state II. By the detection of
the polarization state II on the hysteresis loop and the use of positive read
voltage the polarization will move from II to IIT and the output current, the
displacement current and the resistive current component will have a

15 response as shown in fig. 8. The transient in the output current reaches a peak
with a delay At after application of the read voltage and appears in a time
window tg which dependent on the sign of the field corresponds to one of the
two steepest portions of the hysteresis loop of fig. 7. As will be seen, the
current signal is distinctly discriminated relative to the displacement current

20 and the resistive current component. The detection may take place by
sampling or as a level comparison, for instance in the time window tg which
here for instance falls between V or VI on the hysteresis loop. The position
of the time window on a time scale will depend on the polarization response
for a given read voltage and the polarization properties of the ferroelectric

25 material and the thin film parameters.

Another interesting feature when using a ferroelectric material based on
vinylidene fluoride/trifluoroethylene copolymers VDF-TFE is that their
switching characteristics will depend on the electric field strength, i.e. the
electrode voltage. Hence a high polarization voltage will influence the

30 switching time of a logic element realized in the said ferroelectric material in
such a manner that the higher the electric field strength the shorter the
switching time. Typical switching characteristics for a
vinylidene/trifluoroethylene copolymer are shown in fig. 9 which expresses
the relationship between switching time and respectively the electrical flux

35 density D and its derivative dD/dlog t for different field strengths, where 14
is given by time at which the derivative becomes a maximum. It will be seen,
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insignificantly above that of the coercivity field, namely of 42 MV/m, gives a
switching time of about Ss. The switching time is in other words reduced
with 5 or 6 orders of magnitude with such an increase of the field strength.
On the other hand it is for different reasons not desirable using a too high
field strength, for one thing in order to avoid undesired stray capacitances or
sneak currents in the matrix network and discharges through the thin film.

If the data-processing device according to the invention is encumbered with
impedance noise, it will be possible to provide current-amplifying line
drivers connected to the logical elements in order to ensure noise immunity
when driving for readout or switching. Such line drivers could possible be
driven by the read/verification/reset voltage or over a separate supply line.

An embodiment of the data-processing device according to the invention and
corresponding to fig. 4 is shown in perspective in fig. 10, but with possible
substrates and isolating layers removed. It appears in fig. 10 as a planar x,y
electrode matrix and with the logic elements formed at each overlapping
intersection between the electrodes 2;3 in the first and the second electrode
structure, which here are mutually isolated by the isolating material 6. A
planar matrix embodiment of this kind may be stacked layerwise in order to
provide a volumetric data-processing device with k stacked planar structures
S1,...Sk, as shown in fig. 11. It must then be provided layers 7 of electrical
isolating material between each planar structure S which in section will
appear roughly as shown in fig. 11. The electrodes 2,3 may be connected to
not shown addressing and detection lines, i.e. current and voltage buses, e.g.
provided in a semiconductor device made for this purpose, along the side
edges of the volumetric device, or if the device is integrated as a hybrid
device on silicon substrates, conveyed directly to drive voltage and control
signal lines connected with driver and control units implemented in the
silicon substrate in a compatible semiconductor technology. Addressing and
detection may for instance take place in time multiplex or by using a logic
addressing of each individual logic element. The number of logic addresses
will then be the product of the number of stacked matrix structures or layers,
the number of rows and the number of columns in each matrix structure. The
number of separate addresses will be the sum of the number of x and y



verification steps as a threshold voltage.
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electrodes in a layer S and the number of layers Si,...Sx in the device. The
combination of time multiplex-based and logic addressing may besides be
used in order to realize a massive parallel addressing which could provide |
very high write and read speeds. In this regard reference may also be made to
the discussion of volumetrically implemented data-processing devices as they
for instance are disclosed in International patent application .
PCT/NO97/00154 of the present applicant, or the discussion of the stacked
electrode devices as they are disclosed in the published International patent
application WO98/58383 of the present applicant.

It will be obvious to persons skilled in the art that the logic elements realized
either as bistable switches or memory cells may be used to configure logic
gates or be included as switches in processor networks and arithmetic
registers, possibly integrated with the logic elements realized as memory
modules, or that the logic elements all are realized as memory cells, such that
the device in fig. 11 will be a volumetric data device with high storage
density. With the use of ferroelectric thin films it will be possible to achieve
film thicknesses in the range of about 100 nm and corresponding electrode
dimensions, something which implies that the voltages in order to generate
the necessary field strengths will be in the range of about 10 volt. On 1 pm?2
it will then be possible to realize about 100 logic elements or memory cells,
something which will imply a substantial improvement of the data storage
density when compared to data storage devices of the ROM or RAM types
based on conventional semiconductor technology.
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19. A nethod according to claim12, characterized by the cuqﬁEp
5" in the readi n(th ep taking place in a tinme w ndow dependé¢
saturation constant of the pol ari zati on. 20.1 A net hod
according to claim Tﬂmm’ uﬂmﬂmrrl zed bfy the current D=8 cJAN 2802
taking place by a | 1. The use of af |
dat a- processi ng devi ce accordlng td any of the clalns 1-8 10 In a
vol unetric data-processing or storage device.
PATENT CLAIMS
1. A ferroelectric data-processing device, particularly for processing

and/or storage of data with active or passive electrical addressing,
comprising a data-carrying medium in the form of a thin film (1) of
5 ferroelectric material, wherein the ferroelectric material by an applied

electric field may attain a first or a second polarization state by being
switched from a disordered state to one of the polarization states or from the
first to the second polarization state or vice versa, wherein the ferroelectric
material comprises logic elements (4), wherein a polarization state assigned

10 to a logic element (4) represents a logical value of the logic element, wherein
the ferroelectric thin film (1) is provided as a layer, wherein a first and
second electrode structure each comprises substantially mutually parallel
strip-like electrodes (2;3), such that the electrode structures mutually form a
substantially orthogonal x,y matrix, wherein the electrodes (2) in the first

15 electrode structure constitute the columns of the electrode matrix or the x
electrodes and the electrodes (3) in the second electrode structure the rows of
the electrode matrix or y electrodes, wherein a portion of the ferroelectric
thin film (1) at the overlap between an x electrode (2) and a y electrode (3) of
the electrode matrix forms a logic element (4) such that the logic elements

20 (4) jointly form an electrically connected passive matrix in the

data-processing device (2), and wherein the data-processing device is
characterized in that a layer (6) of an electrical isolating material is provided
between and adjacent to the electrodes (2;3) of the first and the second
electrode structure, that the ferroelectric thin film (1) is provided in the form

25 of a layer over the electrode structures on one side thereof, and that the logic
elements (4) are formed respectively in a portion of the ferroelectric thin film
(1) along the side edges of an y electrode (3) down to the x electrode (2) at
the overlap between the x electrode (2) and the y electrode (3).

2.~ Data-processing device according to claim 1,

30 characterized in that a logic element (4) forms a bistable switch in a data

Processor means.

3. Data-processing device according to claim 1,

characterized in that a logic element (4) forms a memory cell in a data

storage means.
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4, Data-processing device according to claim 1,
characterized in that the electrode structures and the ferroelectric thin film
(1) are provided on a substrate.

5. Data-processing device according to claim 1,
characterized in that the ferroelectric thin film (1) is formed of a ceramic

material.

6. Data-processing device according to claim 1,
characterized in that the ferroelectric thin film is formed of a ferroelectric

liquid crystal material.

7. Data-processing device according to claim 1,
characterized in that the ferroelectric thin film (1) is formed of a polymer or-
copolymer. '

8. Data-processing device according to claim 7,
characterized in that the copolymer is a vinylidene ﬂuorlde/trlﬂuoroethylene
copolymer.

9. A method for manufacturing a ferroelectric data-processing device
according to claims 1-8, characterized by successive steps for depositing a
first electrode structure on a substrate, depositing a layer (6) of electrical
isolating material over the first electrode structure, depositing a second
electrode structure over the isolating la.)"er (6), removing the isolating layer
(6) where it is not covered by the second electrode structure, such that the
electrodes (2) in the first electrode structure are exposed except in the
overlapping intersections between the electrodes (2;3) of respectively the
first and the second electrode structure, and depositing a ferroelectnc thin
film (1) in the form of a layer over the electrode structures.

10. A method according to claim 9, characterized by forming the substrate
of a crystalline, polycrystalline or amorphous semiconductor material, e.g.
silicon.

11. A method according to claim 9, characterized by depositing a layer of
an electrical isolating material between the substrate and the first electrode -
structure before depositing the first electrode structure on the substrate.

| REPLAGEMENT SHEET
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12. A method for readout in the addressing of logic elements in a
ferroelectric data-processing device, particularly a ferroelectric
data-processing device according to claims 1-8, wherein the method supports
a protocol for readout and comprises steps for respectively reading,
verification and reset, characterized by applying in the reading step a voltage
with a determined polarity to a logic element and detecting a charge transfer
between the electrodes thereof as an either high or low first current value
indicative of a logical value stored in the logic element, applying in the
verification step a voltage of the opposite polarity to that of the voltage
applied in the reading step and detecting a charge transfer between the
electrodes of the logic element as a high second current value, and, in the
case the logical value stored in the logic element was destroyed in the
reading or the verification step, applying in the step for reset a voltage to the
logic element restoring an initial polarization state thereof.

13. A method according to claim 12, characterized by performing reset
after reading without verification by applying a voltage of the opposite
polarity to that of the reading voltage only in the case of detecting a high
current signal in the reading step. |

14. A method according to claim 12, characterized by reset being
performed after reading in conjunction with verification by applying a
voltage of the same polarity as that of the reading voltage only in the case of
detecting a low current signal in the reading step.

15. A method according to claim 12, characterized by applying a voltage
which between the electrodes (2,3) of the logic element (4) generates a field
strength which is more than twice the coercivity field of the ferroelectric

material.

16. A method according to claim 12,
characterized by generating the applied voltage in the reading and/or
verification steps as a ramp voltage.

17. A method according to claim 12, _
characterized by generating the applied voltage in the reading and/or

verification steps as a threshold voltage.
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18. A method according to claim 12,
characterized by the current detection taking place by sampling in the time

domain.
19. A method according to claim 12, characterized by the current detection
in the reading step taking place in a time window dependent on the saturation

time constant of the polarization.

20. A method according to claim 18 or 19, characterized by the current

detection taking place by a level comparison.

21.  The use of a data-processing device according to any of the claims 1-8
in a volumetric data-processing or storage device.
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(57) Abstract

In a ferroelectric data processing device
for processing and/or storage of data with pas-
sive or electrical addressing a data~carrying
medium is used in the form of a thin film (1)
of ferroelectric material which by an applied
electric field is polarized to determined polar-
ization states or switched between these and
is provided as a continuous layer in or adja-
cent to electrode structures in the form of a
matrix. A logic element (4) is formed at the
intersection between an x electrode (2) and a
y electrode (3) of the electrode matrix. The
logic element (4) is addressed by applying to
the electrodes (2, 3) a voltage greater than the
coercivity field of the ferroelectric material.
Dependent on the polarization state and the
form of the hysteresis loop of the ferroelectric
material a distinct detection of the polariza-

(54) Title: A FERROELECTRIC DATA PROCESSING DEVICE \/
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tion state in the logic element (4) is obtained

and it may also be possible to switch between
the polarization states of the logic element,
which hence may be used for implementing
a bistable switch or a memory cell. The data
processing device according to the invention
may be stacked layerwise if the separate lay-

ers are separated by an electrical isolating layer and hence be used for implementing volumetric data processing devices.




