
Multi-Stack Ferroelectric Polymer Memory Device and
Method for  Manufacturing Same Field of the Invention
The present invention relates to a ferroelectric
polymer memory device  5 and a method for
manufacturing such a device. Background of the
Invention Ferroelectric memory based on ferroelectric
polymers such as  poly(vinyledene-difluoride) and its
copolymers, is attracting much research  interest.
Though ferroelectric polymers exhibit much smaller
remnant 10 polarization compared to their inorganic
counterparts, decent performances,  simpler processing
and significantly lower manufacturing costs have put
ferroelectric polymer memory on the memory roadmap.
The alleged demerits  of having low remnant
polarization can be overcome with proper design of the
device configuration. For example, a greater overall
response can be  15 received by stacking memory cells
to increase cell area. Various methods of fabricating
ferroelectric polymer memory devices  with multi-stack
or multi-layer configurations have been disclosed. One
such  fabrication method is described in U.S. Patent
No. 6,624,457 [1], which  discloses a method for
fabricating a multi-rank, stacked polymer memory 20
device. The method disclosed therein, however,
requires repeated  photolithography and is highly
complicated. Another method of making a  ferroelectric
polymer memory device is disclosed in U.S. Patent No.
6,858,862  [2]. The method disclosed therein, however,
also requires repeated  photolithography. 25 U.S.
Patent No. 7,084,446 [3] discloses a polymer memory
device  comprising multi-layer memory stacks separated
by insulating layers. Each  multi-layer memory stack
includes two layers of ferroelectric polymer material,
each layer sandwiched between two sets of electrodes.
Each multi-layer  



memory stack thus requires formation of three sets of
electrodes. This adds  to the manufacturing cost of
the polymer memory device. U.S. Patent Application
Publication No. 2006/0048376A1 [4] discloses  a
ferroelectric polymer memory having a plurality of
stacked layers, each layer  5 separated from an
ensuing layer by a polyimide layer. Disadvantageously,
the disclosed method employs a semiconductor substrate
and requires  patterning of metal electrodes by a
reactive etching process. Further,  because the
polyimide layer completely segregates each memory
stack from  the next, each memory stack requires
formation of two sets of electrodes.  10 This adds to
the manufacturing cost of the ferroelectric polymer
memory. Thus, there exists a need for a simple and
inexpensive method of  manufacturing a ferroelectric
polymer memory device. Summary of the Invention The
present invention provides, in a first aspect, a
memory device,  15 comprising: a first electrode; a
first ferroelectric polymer layer over the first
electrode; a second electrode over the first
ferroelectric polymer layer; a  second ferroelectric
polymer layer over the second electrode; a third
electrode  over the second ferroelectric polymer
layer, the first, second and third  electrodes and the
first and second ferroelectric polymer layers defining
first 20 and second ferroelectric capacitor
structures, wherein the second electrode is  common to
the first and second ferroelectric capacitor
structures; and a  polymeric protective layer between
the first and second ferroelectric polymer  layers. In
a second aspect, the invention further provides a
method for  25 manufacturing a memory device, the
method comprising: forming a first  electrode; forming
a ferroelectric polymer layer over the first
electrode;  forming a second electrode over the
ferroelectric polymer layer; forming a  protective
layer over the ferroelectric polymer layer by
deposition from a first  solvent; and forming a
subsequent ferroelectric polymer layer over the 



30 protective layer by deposition from a polymer
solution comprising a second  solvent; and wherein the
protective layer is insoluble in the second solvent  2
and the ferroelectric material of the first
ferroelectric polymer layer is insoluble  in the first
solvent. Note that in both the first and second
aspects of the invention the  protective layer can be
formed above the second electrode layer or  5
alternatively below the second electrode layer. In a
third aspect, the invention further provides a memory
device,  comprising: at least three stacked
ferroelectric polymer layers and a plurality  of
electrode layers, each adjacent pair of the
ferroelectric polymer layers  being spaced apart by a
protective layer. 10 Other aspects and advantages of
the invention will become apparent  from the following
detailed description, taken in conjunction with the
accompanying drawings, illustrating by way of example
the principles of the  invention. Brief Description of
the Drawings 15 The following detailed description of
preferred embodiments of the  invention will be better
understood when read in conjunction with the  appended
drawings. The present invention is illustrated by way
of example  and is not limited by the accompanying
figures, in which like references  indicate similar
elements. 20 FIG. 1 is an enlarged cross-sectional
view of a multi-stack memory  device in accordance
with one embodiment of the present invention; FIG. 2
is a schematic flow diagram of a method for
manufacturing the  multi-stack memory device of FIG.
1; FIG. 3 is a schematic circuit diagram of two (2)
stacked memory cells in  25 the multi-stack memory
device of FIG. 1; FIG. 4 is an enlarged
cross-sectional view of a multi-stack memory  



device in accordance with another embodiment of the
present invention; and 3 FIG. 5 is an enlarged
cross-sectional view of a multi-stack memory  device
in accordance with yet another embodiment of the
present invention.  Detailed Description of the
Drawings The detailed description set forth below in
connection with the  5 appended drawings is intended
as a description of the presently preferred
embodiments of the invention, and is not intended to
represent the only form  in which the present
invention may be practiced. It is to be understood
that  the same or equivalent functions may be
accomplished by different  embodiments that are
intended to be encompassed within the scope of the  10
invention. Referring now to FIG. 1, an enlarged
cross-sectional view of a multi- stack memory device
10 is shown. The memory device 10 includes a
substrate 12, a first set of electrodes 14 (extending
into the page), a first  ferroelectric polymer layer
16, a second set of electrodes 18 (only one 15
electrode in the second set 18 is shown in FIG. 1), a
first protective layer 20, a  second ferroelectric
polymer layer 22, a third set of electrodes 24
(extending  into the page) and a second protective
layer 26. The first set of electrodes 14  is formed on
the substrate 12. The first ferroelectric polymer
layer 16 is  formed over the first set of electrodes
14 and extends over portions of the 20 substrate 12
between adjacent electrodes in the first set 14. The
second set  of electrodes 18 is formed over the first
ferroelectric polymer layer 16, the  electrodes in the
second set 18 extending transversely to those in the
first set  14. The first protective layer 20 is formed
over the first ferroelectric polymer  layer 16 such
that it extends over the second set of electrodes 18
and portions 25 of the first ferroelectric polymer
layer 16 between adjacent electrodes in the  second
set 18. The second ferroelectric polymer layer 22 is
formed over the  first protective layer 20. The third
set of electrodes 24 is formed over the  



second ferroelectric polymer layer 22, the electrodes
in the third set 24  extending transversely to those
in the second set 18. The second protective 30 layer
26 is formed over the second ferroelectric polymer
layer 22 such that it  extends over the third set of
electrodes 24 and portions of the second
ferroelectric polymer layer 22 between adjacent
electrodes in the third set 24.  4 The first, second
and third sets of electrodes 14, 18 and 24 and the
first and  second ferroelectric polymer layers 16 and
22 define first and second  ferroelectric capacitor
structures 28 and 30, the second set of electrodes 18
being common to the first and second ferroelectric
capacitor structures 28 and 5 30. More particularly,
the first set of electrodes 14, the first
ferroelectric  polymer layer 16 and the second set of
electrodes 18 define a first memory  stack 28, and the
second set of electrodes 18, the second ferroelectric
polymer layer 22 and the third set of electrodes 24
define a second memory  stack 30. The first and second
memory stacks 28 and 30 are supported on  10 the
substrate 12. As shown in FIG. 1, the first and third
sets of electrodes 14 and 24  extend into the plane of
the paper, while the second set of electrodes 18 lie
parallel to the plane of the paper. Several
cross-points between the first and  second sets of
electrodes 14 and 18 and between the second and third
sets of 15 electrodes 18 and 24 are thus formed by the
arrangement of the first, second  and third sets of
electrodes 14, 18 and 24. A first memory cell 32 is
defined at  a location where an electrode in the
second set 18 crosses an electrode in the  first set
14, and a second memory cell 34 is defined at a
location where an  electrode in the third set 24
crosses an electrode in the second set 18. An 20 array
of first memory cells 32 and an array of second memory
cells 34 are  thus respectively defined in the first
and second ferroelectric polymer layers  16 and 22 due
to the cross-point configuration of the first, second
and third  sets of electrodes 14, 18 and 24; the
multi-layer ferroelectric polymer memory  



device 10 consists of two (2) stacks of ferroelectric
polymer memory cells 32 25 and 34. The second set of
electrodes 18 in the memory device 10 is shared
between the first and second memory cells 32 and 34.
Depending on the  number of electrodes in each of the
first, second and third sets 14, 18 and 24,  a
corresponding number of first and second memory cells
32 and 34 is formed  in the memory device 10. 30 The
substrate 12 is made of a polymeric material that is
capable of  withstanding a temperature of at least 150
degrees Celsius (C), for example,  polyethylene
terephthalate (PET), polyethylene naphthalate (PEN)
and  5 polyimide. The substrate 12 is flexible and is
of any thickness, with about  20m to about 500m, or
even up to 2000 m , being typical. The electrodes in
the first, second and third set 14, 18 and 24 are of
any shape (e.g. rectangular strips or L-shaped strips)
and dimension (e.g., a  5 width of between about 1m
and about 1000m, and a thickness of between about 20nm
and about 500nm), and are made of conducting materials
such  as, for example, silver (Ag), copper (Cu),
nickel (Ni), aluminium (Al), gold (Au)  or alloys
thereof. The first and second ferroelectric polymer
layers 16 and 22 are made  10 of known ferroelectric
polymers such as, for example, poly(vinylidene
fluoride)  (PVDF) and a copolymer of vinylidene
fluoride and trifluoride P(VDF-TrFE). The first
protective layer 20 protects the underlying first
ferroelectric  polymer layer 16 from damage during
deposition of the second ferroelectric  polymer layer
22 and is made of any polymer possessing the following
15 properties: (i) substantially non-electrically
conducting (e.g. its electrical  resistivity could be
in the range from 1 x 1010 Ohm-cm to 1 x 1018 Ohm-cm)
(ii) film forming; (iii) insoluble in the solvent of a
polymer solution from which the  



20 second ferroelectric polymer layer 22 is deposited
(i.e. the first protective layer  20 is not soluble in
the solvent of the second ferroelectric polymer layer
22  and is therefore resistant to the solvent (e.g.
dimethyl formamide and N- methyl pyrrolidone) in which
the second ferroelectric polymer 22 is dissolved);
(iv) resistant to damage at processing conditions for
forming the  25 second ferroelectric polymer layer 22
(i.e. resistant to drying and annealing  temperature
cycles of the second ferroelectric polymer layer 22);
and (v) optionally, ferroelectric. 6 The polymer from
which the first protective layer 20 is formed is
initially  dissolved in a solvent and deposited under
conditions that do not cause  damage or deterioration
to the substrate 12 and the underlying first
ferroelectric polymer layer 16. In other words, the
first ferroelectric polymer 5 layer 16 is insoluble in
a solvent from which the first protective layer 20 is
deposited and is resistant to damage at processing
conditions (e.g. drying or  curing temperature and
duration) for forming the first protective layer 20.
The  polymer from which the first protective layer 20
is formed should have at least  one solvent that does
not dissolve the underlying first ferroelectric
polymer 10 layer 16. At the same time, it should also
not be soluble in the solvent which  is used to
dissolve the ferroelectric polymer of the second
ferroelectric  polymer layer 22. Examples of suitable
polymeric materials for the first  protective layer 20
include, but are not limited to, insulating
thermoplastic  polymers such as, for example,
polyvinyl alcohol (PVA), cellulose acetate and 15
modified analogues thereof and polyamides such as, for
example, Nylon.  Insulating thermoplastic polymers
such as those mentioned are generally  soluble in
water, but insoluble in the common organic solvents
that are used  to deposit the second ferroelectric
polymer layer 22. Nylons and ferroelectric  polymers,
such as P(VDF-TrFE), do not share common solvents. For
20 example, the solvent N-methyl pyrrolidone dissolves
a P(VDF-TrFE)  



copolymer, but not Nylon-11. The solvent m-cresol, on
the other hand,  dissolves Nylon-11, but not
P(VDF-TrFE). The first protective layer 20 is of a
thickness that provides protection to the underlying
first ferroelectric polymer  layer 16, but that does
not impose very high insulation (or resistance)
between 25 the second set of electrodes 18 and the
second ferroelectric polymer layer 22  it comes
between (e.g. a thickness of between about 10nm and
about  200nm).  The second protective layer 26
protects the multi-stack memory device  10 from wear
and tear during usage. 30 Having described the various
components of the multi-stack memory  device 10, a
method for manufacturing the memory device 10 will now
be  described in greater detail below with reference
to FIGS. 1 and 2. FIG. 2  7 shows a method 50 for
manufacturing the multi-stack memory device 10 of
FIG. 1. In a first step 52, the substrate 12 is
provided. The first set of  electrodes 14 is formed on
a top surface of the substrate 12 at step 54. At  5
step 56, the first ferroelectric polymer layer 16 is
formed over the first set of electrodes 14. The second
set of electrodes 18 is formed over the first
ferroelectric polymer layer 16 at step 58. Deposition
of a subsequent ferroelectric polymer layer from a
polymer  solution may damage an underlying
ferroelectric polymer layer as the solvent  10 in
which the ferroelectric polymer is dissolved could
also dissolve the underlying ferroelectric polymer
layer. Consequently, to prevent damage to  the first
ferroelectric polymer layer 16, the first protective
layer 20 is formed  over the first ferroelectric
polymer layer 16 at step 60 prior to forming a
subsequent ferroelectric polymer layer over the first
protective layer 20. The 15 first protective layer 20
is deposited from solution using a known coating
technique such as, for example, spin coating, dip
coating and spray coating.  



Pre-treatments such as exposure to plasma, UV
radiation or chemicals may  be employed to prepare the
underlying surface for deposition of the first
protective layer 20. 20 The second ferroelectric
polymer layer 22 is formed over a top surface  of the
first protective layer 20 at step 62. At step 64, the
third set of electrodes  24 is formed over the second
ferroelectric polymer layer 22. The second  protective
layer 26 is then formed over the third set of
electrodes 24 at step  66. The second protective layer
26 is deposited from solution using a known 25 coating
technique such as, for example, spin coating, dip
coating and spray  coating. The first, second and
third sets of electrodes 14, 18 and 24 are  deposited
on the respective underlying surfaces using known
deposition  techniques such as, for example, screen
printing, ink jet printing, vapour 30 deposition
through a mask, laser writing, laser-induced
metallization and  evaporation. 8 The first and second
ferroelectric polymer layers 16 and 22 are  deposited
from a polymer solution using known coating
techniques, for  example, spin coating, dip coating,
spray coating, or any other continuous  coating method
including, but not limited to, capillary coating, die
coating, and  5 doctor's blade coating. Referring now
to FIG. 3, a schematic circuit diagram of two (2)
stacked  memory cells 28 and 30 in the multi-stack
memory device 10 of FIG. 1 is  shown. The second set
of electrodes 18 is common to and shared by the
memory cells 28 and 30. The first and second memory
cells 28 and 30 are 10 independently driven by
applying an independent electric field across the
first  and second sets of electrodes 14 and 18 and
across the second and third sets  of electrodes 18 and
24. When independently driven, the first and second
memory cells 28 and 30 operate as two (2) independent
memory cells, each  



having its own individual storage capacity. However,
when the same electric 15 field is applied to the
first and third sets of electrodes 14 and 24, the
first and  second memory cells 28 and 30 are
simultaneously driven and operate as a  single memory
cell. The output signal can thus be multiplied.
Referring now to FIG. 4, an enlarged cross-sectional
view of a multi- stack memory device 100 having first,
second and third memory stacks 102,  20 104 and 106 is
shown. The memory device 100 includes a substrate 108
on which the first, second and third memory stacks
102, 104 and 106 are  supported, a first set of
electrodes 110 (extending into the page), a first
ferroelectric polymer thin film 112, a second set of
electrodes 114 (only one  electrode in the second set
114 is shown in FIG. 4), a first protective layer 25
116, a second ferroelectric polymer thin film 118, a
third set of electrodes 120  (extending into the
page), a second protective layer 122, a third
ferroelectric  polymer thin film 124, a fourth set of
electrodes 126 (only one electrode in the  fourth set
126 is shown in FIG. 4) and a third protective layer
128. The first  set of electrodes 110 is formed on the
substrate 108. The first ferroelectric 30 polymer thin
film 112 is formed over the first set of electrodes
110 and  extends over portions of the substrate 108
between adjacent ones of the  electrodes in the first
set 110. The second set of electrodes 114 is formed  9
over the first ferroelectric polymer thin film 112,
the electrodes in the second  set 114 extending
transversely to those in the first set 110. The first
protective  layer 116 is formed over the first
ferroelectric polymer thin film 112 such that it
extends over the second set of electrodes 114 and
portions of the first 5 ferroelectric polymer thin
film 112 between adjacent electrodes in the second
set 114. The second ferroelectric thin film 118 is
formed over the first  protective layer 116. The third
set of electrodes 120 is formed over the  second
ferroelectric polymer thin film 118, the electrodes in
the third set 120  extending transversely to those in
the second set 114. The second protective 



10 layer 122 is formed over the second ferroelectric
polymer thin film 118 such  that it extends over the
third set of electrodes 120 and portions of the second
ferroelectric polymer thin film 118 between adjacent
electrodes in the third set  120. The third
ferroelectric thin film 124 is formed over the second
protective  layer 122. The fourth set of electrodes
126 is formed over the third 15 ferroelectric polymer
thin film 124, the electrodes in the fourth set 126
extending transversely to those in the third set 120.
The fourth protective  layer 128 is formed over the
fourth set of electrodes 126 such that it extends
over the fourth set of electrodes 126 and portions of
the third ferroelectric  polymer thin film 124 between
adjacent electrodes in the fourth set 126. The 20
first, second, third and fourth sets of electrodes
110, 114, 120 and 126 and  the first, second and third
ferroelectric polymer thin films 112, 118 and 124
define first, second and third ferroelectric capacitor
structures 102, 104 and  106, the second set of
electrodes 114 being common to the first and second
ferroelectric capacitor structures 102 and 104 and the
third set of electrodes 25 120 being common to the
second and third ferroelectric capacitor structures
104 and 106. As shown in FIG. 4, the multi-stack
memory device 100 includes a  plurality of stacked
ferroelectric polymer layers 112, 118 and 124 and a
plurality of electrode layers 110, 114, 120 and 126,
each adjacent pair of the 30 ferroelectric polymer
layers 112, 118 and 124 being spaced apart by
respective ones of the first and second protective
layers 116 and 122. The  third protective layer 128
protects the multi-stack memory device 100 from  wear
and tear during usage. The memory device 100 differs
from the multi- 10 stack memory device 10 of FIG. 1 in
that it includes an additional memory  stack (i.e. the
third memory stack 106). Although FIG. 1 shows two (2)
memory stacks and FIG. 4 shows three  (3) memory
stacks, a multi-stack memory device having a greater
number of  



5 memory stacks can be manufactured with the present
invention by replicating  the memory stacks a number
of times. Referring now to FIG. 5, an enlarged
cross-sectional view of a multi- stack memory device
150 is shown. The memory device 150 includes a
substrate 152, a first set of electrodes 154, a first
ferroelectric polymer layer 10 156, a first protective
layer 158, a second set of electrodes 160 (only one
electrode in the second set 160 is shown in FIG. 5), a
second ferroelectric  polymer layer 162, a second
protective layer 164 and a third set of electrodes
166 (extending into the page). The first set of
electrodes 154 is formed on the  substrate 152. The
first ferroelectric polymer layer 156 is formed over
the first 15 set of electrodes 154 and extends over
portions of the substrate 152 between  adjacent ones
of the electrodes in the first set 154. The first
protective layer  158 is formed over the first
ferroelectric polymer layer 156, and the second set
of electrodes 160 is formed on the first protective
layer 158, the electrodes in  the second set 160
extending transversely to those in the first set 154.
The 20 second ferroelectric layer 162 is formed over
the second set of electrodes 160  such that it extends
over the second set of electrodes 160 and portions of
the  first protective layer 158 between adjacent
electrodes in the second set 160.  The second
protective layer 164 is formed over the second
ferroelectric  polymer layer 162 and the third set of
electrodes 166 is formed over the 25 second protective
layer 164, the electrodes in the third set 166
extending  transversely to those in the second set
160. The first, second and third sets of  electrodes
154, 160 and 166 and the first and second
ferroelectric polymer  layers 156 and 162 define first
and second ferroelectric capacitor structures  168 and
170, the second set of electrodes 160 being common to
the first and 30 second ferroelectric capacitor
structures 168 and 170. More particularly, the  first
set of electrodes 154, the first ferroelectric polymer
layer 156 and the  second set of electrodes 160 define
a first memory stack 168, and the second  11 



set of electrodes 160, the second ferroelectric
polymer layer 162 and the third  set of electrodes 166
define a second memory stack 170. The memory device
150 differs from the multi-stack memory device 10  of
FIG. 1 in that the second and third sets of electrodes
160 and 166 are  5 directly formed on the first and
second protective layers 158 and 164,  respectively.
Two experiments were performed in accordance with the
present  invention. These are described below.
Experiment 1 10 In the first experiment, P(VDF-TrFE)
was dissolved in N-methyl  pyrrolidone to form a
polymer solution from which the ferroelectric polymer
thin films were deposited using spin coating. The
protective layers were  formed by dissolving PVA in
warm water and spin coating the resultant  solution.
As PVA is soluble in water, but not N-methyl
pyrrolidone, deposition 15 of the PVA protective layer
did not damage the underlying P(VDF-TrFE) thin  film.
The PVA protective layer was then dried at a
temperature of 100C for  three hours (hrs). This also
did not damage the underlying P(VDF-TrFE)  layer. The
PVA protective layer subsequently survived the spin
coating  process to form the second P(VDF-TrFE) thin
film and the annealing process  20 carried out at a
temperature of 150C for a duration of three hrs.
Experiment 2 In the second experiment, Nylon-11 was
dissolved in m-cresol and spin  coated to form the
protective layers. Nylon-11 is itself a weakly
ferroelectric  polymer, so may enhance the performance
of the resultant memory device. 25 The ferroelectric
polymer thin films were formed from a polymer solution
of  P(VDF-TrFE) in N-methyl pyrrolidone. The other
processing conditions were  unchanged from the first
experiment. A similar result as with the first
experiment was achieved. As is evident from the
foregoing discussion, the present invention  



30 provides a multi-stack, non-volatile, ferroelectric
polymer memory device and  12 a method for
manufacturing the same. By introducing a protective
layer  between successive memory stacks in the
multi-stack ferroelectric polymer  memory device, an
earlier formed ferroelectric polymer layer is
protected from  damage during the formation of a
subsequent ferroelectric polymer layer for a 5
subsequent stack. Advantageously, the present
invention provides a simple  and reasonably low cost
fabrication technique for multi-stack ferroelectric
memory devices. The present invention can be used to
produce cheaper, but  high performance sheet-like
memory for use in, for example, business cards,
printing papers, identity cards, passports, work
permits and the like. 10 The description of the
preferred embodiments of the present invention  have
been presented for purposes of illustration and
description, but are not  intended to be exhaustive or
to limit the invention to the forms disclosed. It
will be appreciated by those skilled in the art that
changes could be made to  the embodiments described
above without departing from the broad inventive 15
concept thereof. It is understood, therefore, that
this invention is not limited to  the particular
embodiments disclosed, but covers modifications within
the  scope of the present invention as defined by the
appended claims. Further, unless the context dearly
requires otherwise, throughout the  description and
the claims, the words "comprise", "comprising" and the
like  20 are to be construed in an inclusive as
opposed to an exclusive or exhaustive  sense; that is
to say, in the sense of "including, but not limited
to". References  [1] Jian Li, Xiao-Chun Mu, "Stepped
Structure for a Multi-Rank, Stacked  Polymer Memory
Device and Method of Making Same", Intel Corporation,
25 U.S. Patent No. 6,624,457, 23 September 2003; [2]
Jian Li, Xiao-Chun Mu, "Discrete Polymer Memory Array
and Method of  Making Same", Intel Corporation, U.S.
Patent No. 6,858,862, 22 February  



2005; 13 [3] Mark Isenberger, "Polymer Memory Having a
Ferroelectric Polymer  Memory Material With Cell Sizes
That Are Asymmetric", Intel Corporation,  U.S. Patent
No. 7,084,446, 1 August 2006; and [4] Ebrahim Andideh,
Mark Isenberger, Michael Leeson, Mani Rahnama,  5
"Forming Ferroelectric Polymer Memories", U.S. Patent
Application  Publication No. 2006/0048376, published 9
March 2006. 14 CLAIMS  1. A memory device, comprising:
a first electrode; 5 a first ferroelectric polymer
layer over the first electrode; a second electrode
over the first ferroelectric polymer layer; a second
ferroelectric polymer layer over the second electrode;
a third electrode over the second ferroelectric
polymer layer, the first,  second and third electrodes
and the first and second ferroelectric polymer  10
layers defining first and second ferroelectric
capacitor structures, wherein the second electrode is
common to the first and second ferroelectric capacitor
structures; and a polymeric protective layer between
the first and second ferroelectric  polymer layers. 15
2. The memory device of claim 1, wherein the first
ferroelectric polymer  layer is insoluble in a solvent
from which the protective layer is deposited. 3. The
memory device of claim 1 or 2, wherein the second
electrode is  20 formed on the protective layer. 4.
The memory device of any one of the preceding claims,
wherein the  protective layer is a film forming
polymer. 



25 5. The memory device of any one of the preceding
claims, wherein the  first ferroelectric polymer layer
is resistant to damage at processing conditions  for
forming the protective layer. 6. The memory device of
any one of the preceding claims, wherein the  30
protective layer is resistant to damage at processing
conditions for forming the  second ferroelectric
polymer layer. 7. The memory device of any one of the
preceding claims, wherein the  protective layer has a
thickness of between about 1 Onm and about 200nm.  15
8. The memory device of any one of the preceding
claims, wherein the  protective layer is one of group
consisting of polyvinyl alcohol (PVA), cellulose
acetate, polyamide and modified analogues thereof. 5
9. The memory device of any one of the preceding
claims, wherein the  protective layer is an electrical
insulator. 10. The memory device of any one of the
preceding claims, further  10 comprising a polymeric
substrate on which the first electrode is formed. 11.
A method for manufacturing a memory device,
comprising:  forming a first electrode; forming a
ferroelectric polymer layer over the first electrode;
15 forming a second electrode over the ferroelectric
polymer layer; forming a protective layer over the
ferroelectric polymer layer by  deposition from a
first solvent; and forming a subsequent ferroelectric
polymer layer over the protective  layer by deposition
from a polymer solution comprising a second solvent;
20 wherein the protective layer is insoluble in the
second solvent and the  ferroelectric material of the
first ferroelectric polymer layer is insoluble in the
first solvent. 12. The method for manufacturing a
memory device according to claim 11  



25 wherein the protective layer is a film forming
polymer. 13. The method for manufacturing a memory
device according to claim 11  or 12, wherein the
ferroelectric polymer layer is resistant to damage at
processing conditions for forming the protective
layer. 30 14. The method for manufacturing a memory
device according to any one  of claims 11 to 13,
wherein the protective layer is resistant to damage at
processing conditions for forming the subsequent
ferroelectric polymer layer. 16 15. The method for
manufacturing a memory device according to any one  of
claims 11 to 14, wherein the protective layer has a
thickness of between  about 10nm and about 200nm.  5
16. The method for manufacturing a memory device
according to any one  of claims 11 to 15, wherein the
protective layer is one of group consisting of
polyvinyl alcohol (PVA), cellulose acetate, polyamide
and modified analogues  thereof. 10 17. The method for
manufacturing a memory device according to any one  of
claims 11 to 16, wherein the protective layer is an
electrical insulator. 18. The method for manufacturing
a memory device according to any one  of claims 11 to
17, wherein the first electrode is formed on a
polymeric  15 substrate. 19. A memory device,
comprising: at least three stacked ferroelectric
polymer layers and a plurality of  electrode layers,
each adjacent pair of the ferroelectric polymer layers
being  20 spaced apart by a protective layer. 17 


