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. Ferroelectric nmenory device FI ELD OF THE | NVENFH+EN—Fhe

present invention relates to a ferroelectric nenory
device and a 5 nethod of fabricating a nenory devimwmmmmmm
BACKGROUND Ferroel ectric polynmer is a prom sing

material for sonme electronic devices. For exanple, it "%
is suitable for a use in nenory, device fabrication, '
such as 10 non'%ﬁdél@ﬁﬁ@ﬁenﬁ{fﬂéﬂﬁb@“ ric thin
filmcan be fornmed froma solution using spin-coating,
di e-coating, screen-printing or other coating
processes. This reduces the production cost of
ferroel ectric polymer devices conpared to inorganic
Fikleld O THEINVENTSONHowever, ferroel ectric pol yner
devices may suffer froma decrease of swtchable

pol ari Fakipresent reentionaelaaés ed o eredeleLlié ®emory device and a
pol ari sation reversal. This, phenonenon may be call ed

hidth&y of fAEHERRRE EemePdH) deRE tant property for 20 a
ferroelectric nory, because, the = magni tude of the
output signal is proportional to remanence. Organic
material s may have a higher fatigue rate than

ERCREHGURB =1 =

Ferroelectric polymer is a promising material for some electronic devices.

For example, it is suitable for a use in memory device fabrication, such as

non-volatile memory.

A ferroelectric thin film can be formed from a solution using spin-coating,
die-coating, screen-printing or other coating processes. This reduces the
production cost of ferroelectric polymer devices compared to inorganic based

materials.

However, ferroelectric polymer devices may suffer from a decrease of
switchable polérisation or remanence after repetition of polarisation reversal.
This phenomenon may be called fatigue. Remanence is an important property for

a ferroelectric memory, because the .magnitude of the output signal is

_proporﬁonal to remanence. Organic' materials may have a higher fatigue- rate

* than inorganic materials.
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~ 2 SUMVARY OF THE I NVENTION I n general terns, one
aspect of the invention proposes a nenory device wth
a ferroelectric organic polymer and an oxi di ser and/ or
deioni ser. This may have the advantage of reducing
fatigue. The oxidiser and/or deioniser may be 5
4-vinyl pyridine and the ferroelectric organic pol yner
SUMMARYOF THE/ INVENEfONOr i de (PVDF), copol yner of

Pol yvi nyl i denefl uoride and Trifl uoroethyl ene

( P( VDF{nTgé&maal PR 6%%@%&& é'ﬁh@b@\?é}ﬂ%n(d:’rﬁﬁgﬁs a memory device
Pol yundecanoam de (Nylonll) or a m xture of any

%%6&80@%‘3&8%& ﬂ&yr‘n@r Al é@gxgﬁ’seefcrgrrirog%rle&(e%hﬁiﬁ?r.oﬁhis may

0] e 1 nvention ere 1s provi

nory device according tp.claiml. I.n a second, . .
BRug it claplatc Pl Pdiing, BrtigyFe riecoitingr anfte” sieioniggymay be
a .nmethod of fabricating a nenory device according to
érdnyipyiidings gRIEF thescRIgrRigFliE: TIREIBMAW RSYaRe ofMmay  be
nore exanpl e enbodi nents of the invention will now be
Feohoinyidanetheride e BVBIrge topolmerol dfowPalyvinytidemafludride and
which: Figure 1 is a nenory device according to an
@xifloptomtlyylendodi (RMMDF/TrFE)), Polyaminodifiuoroborane (PADFB),

Polyundecanoamide (Nylon11) or a mixture of any combination thereof.

In a first specific expression of the invention there is provided a

ferroelectric memory device according to claim 1.

In a second specific expression of the invention there is provided a

method of fabricating a memory device according to claim 10.

BRIEF DESCRIPTION OF THE DRAWINGS
One or more example embodiments of the invention will now be
described, with reference to the following figures, in which:
Figure 1 is a memory device according to an exemplary embodiment,
Figure 2 is a typical fatigue trend of P(VDF/TrFE),
Figure 3 is a hysteresis curve of P(VDF/TrFE) before and after fatigue,
Figure 4(a) is a result of TOF-SIMS analysis before fatigue,

Figure 4(b) is a result of TOF-SIMS analysis after fatigue,
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20 Figure 2 is a typical fatigue trend of P(VDF/ TrFE),
Figure 3 is a hysteresis curve of P(VDF/ TrFE) before
and after fatigue, Figure 4(a) is a result of

TOF-SI M5 anal ysis before fatigue, Figure 4(b) is a
result of TOF-SIMs anal ysis after fatigue, 3 Figure 5
is a conparison of fatigue trend using P(VDF/ TrFE),

P( VDF/ TFidtie +4VRs aad demgarisbmFBf+4afipd/Arémy eusingn®(VDF/TIFE),
Figure 6 is a flow diagram of a nmethod of fabrication

g&vmﬁm +8VPhend B?@PMFE)&WPdPWﬂbye@ aRgTAl LED
SCRI PTI Fi gure shows a nenory device 100

accor dirpgy ik & %naqm‘ayré(m S?quieg at of f-QB?icgﬁ&ir Ca%fégﬂng to the

is a multilayer structdre w SS substrate

%{g?gﬁgrﬁleméog%%ﬂ_m, a dielectric layer 106 and a

ef ectro 0. The 10 el ectrodes 104, 110 are
used to apply an electric field to the dielectric
| ayer 106 to store or read a "1" or "0" state for
each nmenory cell. Figure 2 shows a fatigue trend when
t he di OEJAILED PERGRIRIAONs a ferroel ectric organic
pol ymer P(VDF/ TrFE). Switchabl e pol arisati on decreases
by 15F&fireal t showd5a trerwrf dgteritataceordiny eosah exemplary

and decreases by 60% after 4x1 06
embodiment. The device 100 is a multilayer structure with a glass substrate 102,
an ITO electrode 104, a dielectric layer 106 and a metal electrode 110. The

electrodes 104,110 are used to apply an electric field to the dielectric layer 106 to

store or read a “1” or “0” state for each memory cell.

Figure 2 shows a fatigue trend when the dielectric layer 106 is a
ferroelectric organic polymer P(VDF/TrFE). Switchable polarisation decreases by
30% after 10° times of polarisation reversal and decreases by 60% after 4x10°
cycles of polarisation reversal. This phenomenon degrades reliability or durability

of the memory device.

Figure 3 shows hysteresis curves before and after fatigue, respectively.
The remnant flux density (P,) 200 after 10’ cycles of polarisation reversal is

decreased from the P, before fatigue 202 (eg: 65 mC/m? to 30 mC/m?).

Figure 4(a) shows the chemical cross section of an unused

Glass/ITO/P(VDF/TrFE)/Al  device obtained by TOF-SIMS (Time-of-flight
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cycles of polarisation reversal. This phenonenon
degrades reliability or durability of the nenory
device. Figure 3 shows hysteresis curves before and
after fatigue, respectively. 20 The remant fl ux
density TO 200 after 107 cycles of polarisation
reversal is decreased fromthe Pr before fatigue 202

SegonédrynidmPlass SpectmB)ry) Bnglysis. Krajgltehwmtmhgt Blectric field was
chem cal cross section of an unused

Gpptisd béfwedrMple/ ITO-Ehd All eftiodes 96 F0NegclBY td (EversdBolarization
(Time-of -flight 4 Secondary |on Mass Spectronetry)

PR, FRU RS S B Ehehind sk ot aflbidigle. Alions
; ri.zat.i [ edly. Figure 4 sho

TR B e B bt BB P e e Biggyoduced

b ' ti. i nt I ric polymer |ayer and

Aol 1 gt L b et SRt TR BYBAHE) i

between an Al el ectrode and a P(VDF/ Tr FE) | ayer.

Therefpes. datigug Mavdarlaginpcanised dydhea seactipnst stown in Equations (1)

reacti ons shown in Equations (1) and (2).

ahez2).CF2)n- + e - -(H2GCF)n- + F_ (1) 10 3F- + A

3+ - AIF3 (2) Due to the alternating electric field,

el ectrons are injected into the P(VDF/ Tr FE)

«(HyC-CF2)p- + € — ~(HC-CF)- + F- | (1)
3F + AP S AR, (2)

Due to the alternating electric field, electrons are injected into the P(VDF/TrFE)
layer and may ionise the Fluorine to generate free F~ ions. The free F ions may
react with the migrated A% ion at the interface between the P(VDF/TrFE) layer
and the Al electrode. Thus, AIF; may be produced and may affect the

ferroelectric properties.

To prevent the above-mentioned problem, we introduced 4-vinyipyridine
(4VP) monomer into the ferroelectric polymer as an oxidiser and/or deioniser.
The 4VP may be mixed as a monomer with the ferroelectric organic polymer or

may be a branch of a ferroelectric organic polymer backbone.
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| ayer and may ionise the Fluorine to generate free F"

ions. The free F' ions may 15 react with the m grated

A3+ ion at the interface between the P(VDF/ TrFE) | ayer

and the Al el ectrode. Thus, AIF3 may be produced and

may affect the ferroelectric properties. To prevent

t he above-nenti oned problem we introduced

4- vi ny Thgrd\A@p naay 28ataVith fresenfiusring ing inhide ferroelectrlc polymer.
ferroelectric polynmer as an oxidi ser and/ or deioniser.

The 4VP Moy hedit eghedfikdlindomo Wit Weéhﬂ&@r‘?heb ions_ will_ react with
ferroelectric organic polynmer or ranch

faﬁ[nr,mﬁjrﬁg(?{{é c organic pol yner backbone 5 The 4VP rray
react free fluorine ions in the ferroelectric

pol yner. The 4VP may reduce the |ikelihood that free
fluorine ions wll react with alumniumions. 5

Figure 5 shows fati (T;ue deterl oration of P(VDF/ TrFE)

conpar WS 2 sheweg fatiguss deevoratiorref REMOF/Td- &) geapRred to a
The P(VDF/ TrFE) 4VP m xture resulted in a 27%
duxtere qofaP(\MRFTTrFEn) with et0 M0t c4\¢PesThef REWDE/TS4R)i WP mixture
reversal conpared to a 60% deterioration with

RESUNEUTINFE) 27 %! detairiohation HVP, atier A @r ejickss oPMolardtion reversal
108 such as Pol yvi nyl al cohol (PVA) coated between the

abHiparéd'm §latot ro%@@nc;lré@oﬁwﬁh@&)mfrﬂtﬁ #nﬁé/ghh&&‘tﬁw@}’

further prevent fatigue caused by repeat
pol ari sation reversal. In Figure 5 a 50 nm t hi ck PVA
| ayer

A protection layer 108 such as Polyvinylalcohol (PVA) coated between
the aluminium electrode 110 and dielectric layer 106 may further prevent fatigue
caused by repeated polarisation reversal. In Figure 5 a 50 nm thick PVA layer
between the aluminium electrode and the ferroelectric polymer layer, resulted in
only a 18% deterioration in P; after 10" cycles of polarisation reversal. The PVA
layer may block migration of metal ions into the ferroelectric polymer layer and

further reduce the chance of metal ions and free fluorine ions reacting.

Figure 6 shows a method 600 of fabricating a memory device. At 602 a
glass substrate is provided. At 604 an ITO electrode is provided on the glass
substrate. At 606 a dielectric layer is provided on the ITO electrode. At 608 a
protection layer is provided on the dielectric layer. At 610 a metal electrode such

as aluminium is provided on the protection layer.
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bet ween the al um nium el ectrode and the ferroelectric
pol yner layer, resulted in only a 18% deterioration
in Pr after 107 cycles of polarisation reversal. The
PVA 15 | ayer may bl ock migration of nmetal ions into
the ferroelectric polymer |ayer and further reduce
the chance of nmetal ions and free fluorine ions

react i myovilirgurtBe 6diehatsc dayet lwod 604 e _fiﬁh%'iérﬁémggg bY mixing

menory device. At 602 a glass substrate is provi

ANBHTEE) df QVPC\R/TtlQ%esldl%rﬂ.rtgvaHﬁ% QRd1ddase %Igééno ﬁRe dielectric

substrate.” At 606 a dielectri ayer 1S provi

t : : otection layer is ..
SeRtoh Mt oRel or Pliof a8 O R Sdiese, iariptively PVOF ang
%I trode, such as al uB‘i ni u?w S groyi ded on the

o0t eB31 0S| G9RPIVMENISBHL® dffE t Re digledteet Fpltipay dfor example
606 may be i npl enented by m xi ng P(VDF/ Tr FE) and 4VP
WamesPegchsaiedt oPVEm £2ni ebect eorolymketisedn. witlhe 4VP  in  an
dielectric solution is then coated or printed onto

thianathyd- 2pgrolidate  (NMB) nsalutiehy BRVDRisanstocds® @faft beopolymer
copolynerised to forma dielectric solution. For

@i iRVDF Quhitk- has RADF sd b oR¥BRas@@\Ie side chains is obtained.
copol ynerised with 4VP in an N-nethyl-2-pyrrolidone

(ORLaneh o R 15 PR Bl EhEh

chains is obtained. Alternatively the PVDF may be
preactivated by an electron beam 10 Providing the

rotectjon layer 608 may be inplenmented by spin
ant i ny’rovudlngyt%e protectlox layer 6%08 may be implgmeﬂted by spin coating,

die coating or any printing method such as screen printing or gravure printing the

PVA layer onto the dielectric layer.

The device 100 may then be connected, encapsulated and annealed.

Whilst exemplary embodiments of the invention have been described in
detail, many variations are possible within the scope of the invention as will be
clear to a skilled reader. For example the substrate may also be Si or plastic film.
The bottom electrode may also be Al, Au, Cu, or Ni. If the both bottom and top
electrodes are metal, a further protection layer may be used between the bottom

electrode and ferroelectric layer to further reduce fatigue.
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die coating or any printing nmethod such as screen
printing or gravure printing the PVA |layer onto the
dielectric layer. The device 100 may then be
connected, encapsul ated and anneal ed. 15 Wil st

exenpl ary enbodi nents of the invention have been
described in detail, many variations are possible

wi t hi gLAIMSscope of the invention as will be clear to
a skilled reader. For exanple the substrate may al so

e Si | ectrode may al so
h AIA%”B&@%HC%EH#R/ dew?%e&gﬁoéh b%ttom and top 20

Cu,
eI ect f nla :
pe- usa i fe ByeT kR *f”ﬁ%é’%@fﬁfé?éﬁ%mpou‘ﬁ thg%mpnsesa
ferr ectric |la to further reduce fatj
ETRRCTS oradnis BEBENECRRY BTG deN Pt deiS 30t a
di el ectric |ayer conprising a m xture and/ or a
conpoar@if plaglesindes sosfiguradeta applcan eteatiigdigidto the dielectric
pol yner and an oxi di ser and/or deioniser, and 5 a pair
tdyesl ect rodes configured to apply an el ect ric field to
the dielectric layer. 2. The device in claiml

wherein the dielectric |ayer conprises a mxture of a
ferroelectric organic polyner and a dei oni sing and/or

oxi di $h89e0RBIARIaim 1 wherein the dielectric layer comprises a mixture of a

ferroelectric organic polymer and a deionising and/or oxidising monomer.

3. The device in claim 2 wherein the deionising and/or oxidising monomer is

4-vinylpyrigine (4VP) monomer.

4, The device in claim 1 wherein the dielectric layer comprises a compound
comprising a ferroelectric organic polymer backbone and a deionising and/or

oxidising branch.

5. The device in claim 4 wherein the dielectric layer comprises a graft

copolymer of PVDF and 4-vinylpyridine (4VP-g-PVDF).

6. The device in any one of claims 1 to 5 wherein the ferroelectric organic
polymer comprises at least one of
Polyvinylidenefluoride (PVDF),

copolymer of Polyvinylidenefluoride and Trifluoroethylene (P(VDF/TrFE)),
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10 3. The device in claim2 wherein the deionising
and/ or oxidising nononer is 4-vinylpyrigine (4VP)
monomer. 4. The device in claiml wherein the

di el ectric | ayer conprises a conpound 15 conprising a
ferroelectric organic polyner packbone and a _ _
dei oni sing and/or oxidising branch. 5. The device in
cl ai nPdlyahenadiflubiobodasd (RADFS)) ayer conprises a graft
copol yner of PVDF and 4-vinyl pyridi ne (4VP-g-PVDF). 20

6. TheoRaMd&CandhrAfe MYforPf1)cl @i ms 1 to 5 wherein the
ferroel ggtri C organic por?)]y r conprises at |east one

of Pol yvi nyl i denefluoride (PVDF), copolyner of
Pol yvi nyl i denefl uori de and Trifl uoroet hyl ene

Tr FE .8 _ Pol yam nodi f | uor gbor ane ( PADFB), and
Bol y O CIT BEDTana] e Preqsnacanges whareyt shdsast one
0 he preceding clains wherein at |east one 5
@I@&W@d%ai@eﬁﬁ'-mt al. 8. The device in claim7 further
conprising a protection |layer between the at

8. The device in claim 7 further comprising a protection layer between the at

least one metal electrode and the dielectric layer.

9. The device in claim 8, wherein the protection layer is Polyvinylalcohol

(PVA).

10. A method of fabricating a memory device comprising

providing a dielectric solution comprising a ferroelectric organic polymer

and an oxidiser and/or deioniser.

11. The method of claim 10 further comprising
providing a first electrode;
forming a dielectric layer from the dielectric solution: and

providing a second electrode on the dielectric layer.

12.  The method in claim 11 further comprising providing a protection layer

between the dielectric layer and at least one electrode.



| east one netal electrode and the dielectric layer. 10
9. The device in claim8, wherein the protection |ayer
i s Polyvinylal cohol (PVA). 10. A nethod of
fabricating a nmenory device conprising providing a
dielectric solution conprisinga ferroelectric organic
pol ymer 15 and an oxi di ser and/or deioniser. 11. The

M3t hoBheimethatirin Hayfaret dletlaieesmo it5i1_r29wh@|reqwaidmm§the dielectric
first electrode; formng a dielectric layer fromfhe

R I g, o By R Bdejopising andior
i I Si,ng providing a protection

ﬁg@’@%@%‘g@%’e@ﬂ%gﬁ@ém c layer and at | east one

electrode. 9 13. The nethod in any one of clains 10

to 12 wherein providing the dielectric solution

conprises mxing a ferroelectric organic polyner, a

déi onf 8¢ ﬂgetaﬁa/l@.anydanedcpfsqlwgr%aéﬂéa wherein poviding the dielectric

14. The nethod in any one of clains 10 to 12 wherein

sobwiodi apgnpisesdgrafting thiecferreeladtiioargamippolyesergmaf éxidiger and/or

the ferroelectric organic polyner and oxidi ser and/or

deicnseranonomener .



