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1 Ferroelectric Polynmer FIELD OF THE | NVENTI ON The
present invention relates to a ferroelectric polyneric
filmand a 5 nmethod of fabricating a ferroelectric
pol ymer. BACKGROUND Ferroelectric polyners are
prom sing materials for electronic devices. For
exanpl e, they are suitable foq a non-volatile nenory.
Since a thin filmcan be 10 easily forned froma
sol ution by neans of_a sinple process such as
spi n-coating, di e- doeknagjectticcBelymer i ng or the
ot her coating processes, the production cost of the
devices utilizing a ferroelectric polyner is expected
to be extrenely cheap. However, remanence, which is
I us pol ari zati on when no externa
Eﬁ@éﬁ?ﬁ%qyﬁ%ﬁ@ﬂ$@?§§@|ied, of an organic material is
general |y lower than that 15 of an inorganic o
f er r oefBRtPrEgeRinvention Riatesdace feroelestrist paysieric film and a
i nportant properties for a ferroelectric material .
metihochof fabricating arferoetectic pdlyiner.used for a nenory
devi ce, the magnitude of the output signal is
proportional to its remanence. So there exists a
strong demand of a ferroelectric material which has

BACKBROSND’ emanence. 20 *159159*

Ferroelectric polymers are promising materials for electronic devices. For
example, they are suitable for a non-volatile memory. Since a thin film can be
easily formed from a solution by means of a simple process such as spin-coating,
die-coating, screen-printing or the other coating processes, the production cost of
the devices utilizing a ferroelectric polymer is expected to be extremely cheap.
However, remanence, which is the maximum spontaneous polarization when no
external electric field is applied, of an organic material is generally lower than that
of an inorganic ferroelectric material. Remanence is one of most important
properties for a ferroelectric material. When a ferroelectric material is used for a
memory device, the magnitude of the output signal is proportional to its
remanence. So there exists a strong demand of a ferroelectric material which has

an improved remanence.
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1111211111212111121112 IN *@Q00002* 2 SUMVARY OF THE

I NVENTION I n general terns, one aspect of the

i nvention proposes a ferroelectric polyner conprising
Pol yam nodi f | uor oborane (PADFB). This may have the
advant age of increased remanence. 5 In a first

speci fic expression of the ingention there is provided
a ferroelectric filmas clainmed in claiml. In a

i L] xpression of the invention there is
%mw&ﬁ.ﬁ@ﬁw‘? ricating a ferroelectric
polymer as claimed in claim8. In a third specific _
expr eski genermal térend, onenaspecttdfethe insepliav poaepbses d derroelectric

ferroelectric solution as clained in claim12. BRI EF

pEgatdr Fdo raprisihg TPEly BRI dID roberare (PABDFBYanThis may have the
enbodi nents of the invention will now be descri bed,

#VAhthgé OF ftFEadcd FdhfardétldeOW Ng figures, in which:
Figure™1l is a nolecular structure of PVDF. 15 Figure

71 5. P bethe ol Esth . ERAIF el Mrowcea o
%?“r%':eﬁséctric film as claimed in claim 1.

In a second specific expression of the invention there is provided a
method of fabricating a ferroelectric polymer as claimed in claim 8.

In a third specific expression of the invention there is provided a
ferroelectric solution as claimed in claim 12.
BRIEF DESCRIPTION OF THE DRAWINGS

One or more example embodiments of the invention wiil now be
described, with reference to the following figures, in which:

Figure 1 is a molecular structure of PVDF.

Figure 2 is a molecular structure of PADBF.

Figure 3 is the relationship between remanence and concentration of
PADFB.

Figure 4(a) is a device structure of 1T1C-type memory.

Figure 4(b) is a device structure of 1T-type memory.

Figure 4(c) is a device structure of cross point type memory
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Figure 4(a) is a device structure of 1T1C-type nenory.
Figure 4(b) is a device structure of 1T-type nenory.
20 Figure 4(c) is a device structure of cross point
type nmenory 3 DETAILED DESCRI PTI ON An exanpl e of a
ferroelectric polynmer is shown in Figure 1. The
pol yvi nyl i denef |l uori de (PVDF)anol ecul e 100 i ncl udes
H C bonds 102 and F-C bonds 104. Ferroelectric

e f I rs my be related to the dipole 5
ﬁ%ﬁ@ﬁLEbﬂﬁﬁgsﬁﬁﬁlﬁﬁﬁen t he hydrogen 106 and fl uorine
108 atons. This is also related to the polarity of
t he noAscexample wiya tfermveteotnic: poemei | shawmrdnt Figsiréyl. The
conparing the electronegativeness of the atons within

pblgvinglidensfleorida ¢ PYMDF)t moleeuhs 1o rieslades ¢4-at Bond® 10Reand F-C
ability of an atomto attract electrons (or electron

BERGS Ul tPaRsslecthe 6rb§8H]i:esi &F FolgAerd BRdy BaNdiated gﬁghe dipole

the el ectronegativeness of fluorine atomis 4.0

! Zﬁeg@f%"%e?%nbé%%{eﬁg@? 295'??9%%'“ﬁ#;&?daﬁ%%iﬁéa?@%?ﬁ{ﬂ%bgﬁi&is also
. he ot h .
G4 tpt AGIFAR GLIRECROIeeH cf ore, 1 he. car bon &t om

tends to be charged nore negatively than the hydrogen
atom i A A © pEeasurenete Hippler tmement isidbge comparing the
i mbal ance of electron distribution, which |eads to a
slectsageghtivenessofriime atdres within tHeemiojehubeyeThearkbctroaegativeness
fluorine atons.

relates to the ability of an atom to attract electrons (or electron density) towards

itself in a covalent bond. Since the electronegativeness of fiuorine atom is 4.0
and that of carbon is 2.5, the fluorine atom tends to be charged more negatively
than the carbon atom in a F-C bond. On the other hand, hydrogen atom has only
2.2 in electronegativeness. Therefore, the carbon atom tends to be charged
more negatively than the hydrogen atom in an H-C bond. These properties
induce imbalance of electron distribution, which leads to a strong dipole moment
between the hydrogen and the fluorine atoms.

A further example of a ferroelectric polymer is shown in Figure 2. The
polyaminodifluoroborane (PADFB) molecule 200 includes B-F bonds 202 and
N-H bonds 204. The electronegativeness of boron 206 is 2.0 and nitrogen 208 is
3.0, and therefore PADFB may have a dipole moment twice as large as PVDF
due to the large differences of electronegativeness in both B-F 202 and N-H 204

bonds. A larger dipole moment may have the advantage of higher remanence,
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A further exanple of a ferroelectric polyner is shown

in Figure 2. The pol yam nodi fl uoroborane (PADFB)

nol ecul e 200 i ncludes B-F bonds 202 and N-H bonds

204. The el ectronegati veness of boron 206 is 2.0 and
nitrogen 208 is 20 3.0, and therefore PADFB may have a

di pol e nonent twice as large @gs PVDF due to the large

di fferences of el ectronegativeness in both B-F 202 and

N-H 204 bonds. A | arger d| ol e ponent, may have
sipcaieageenee is grperinal i mazslm'émrﬁﬂeoipernam@ﬁ&ebtaéned when
proportional to the maxi num di pol e nonent obtai ned
nhexternal electsicifigld il appliedc field is applied. PADFB may

be synt hesi sed by pyrolysis of precursor (BF3NH3) and

col | ecPADAB/ reay dedsynthpsis€o! bye piyrxlyStARF Boremyrsoe (BF;NH;) and
di ssolved in 5 dinethyl formam de (DWMF) and

soldttedatyd ant@Id AtasS Collketddt PAGHB CanENDR '§|s§olved in

hygroscopi'c and brittle material, it may be difficult
e L L

i mpr ov t|on l.ow Sco |c| and/ or
ovgwcg‘?%ﬁ@a PSR ronif AR eRelint Py e gifcult t
hi gh remanence. 10 Cert ain ferroelectric polyners have

phigiIm & continepus i anst Aitstalled fimadt Imay be desirakignts gorovide a
ferroelectric polymers such as P(VDF/ TrFE), PVDF or
ferraatadrionpglynber with énpiioved tpiaise sepdratiess Idvy hygrxseppicity and/or
t han PADFB. According to the exenplary enbodi nent

frAblioBe ddiym Btalstiity édl aiv viHfilststil BBtainTAg dightemamgncexanpl e

Certain ferroelectric polymers have improved film uniformity and stability.
For example ferroelectric polymers such as P(VDF/TrFE), PVDF or Nylon11 may
be more air stable and less hygroscopic than PADFB. According to the
exemplary embodiment PADFB may be mixed with another material, for example
a different ferroelectric polymer, to improve film uniformity and stability.

Figure 3 shows the remanence for a range of mixtures of P(VDF/TrFE)
and PADFB. This shows that remanence increases when the concentration of
PADFB is higher, since PADFB has higher remanence compared to
P(VDF/TrFE). As shown in Figure 3, remanence tends to saturate between 10%
and 20% in concentration of PADBF.

At least up until a concentration of 20%, most of PADFB molecules are

surrounded by air-stable P(VDF/TrFE) molecules. Within this range the film was

quite stable in air and significant absorption of water wasn’'t observed. A similar



10

15

20

a different ferroelectric polyner, to inprove film
uniformty and stability. 15 Figure 3 shows the

remanence for a range of mxtures of P(VDF/ TrFE) and
PADFB. This shows that remanence increases when the
concentration of PADFB is higher, since PADFB has

hi gher remanence conpared to sP(VDF/ TrFE). As shown in
Figure 3, remanence tends to saturate between 10% and
20% i n concentratio ADBF. 20 At | east until, a
etRckwes 9 ?%GQMW%RﬁEEtW% sk Withypdeus faaglectric polymers
surrounded by air-stable P(VDF/ TrFE) nol ecules. Wthin

suchy as MG ohdlyfanth. was quite stable in air and
significant absorption of water wasn't observed. A

sim | aA rhixturef efcPADES afid ¢(VEW/TitHE) mADER patiuced & dissolving
wWith various ferroelectric polynmers such as PVDF or

Bt Rk Derdrtst WODFT @Eg’ﬂ%lléfsqn Rewhfated MR a ?R)ve box filled
produced by di ssol ving wt % of Dehydrated P(VDF/Tr FE)

I : _ h % 5 .
Wbl W s gotuitip 80k hIPAGFRTT GlespRleghe solution
e Pl L theRBMTRE S e b Efeion o iss
gl ass substrate in the glove box to avoid absorption
Hbsieate in Mielaymbex tavaid aBeerptign of wagyiand annealed at 150™C for

Alternatively for mass production a roll-to-roll

primss sAtematively fos erasswpradeictianra talkioemllt prkesspicauld be used
on a running sheet-1ike substrate between two rolls 10
whetdfabsibatidn tdkes placnph a,ruanihg¥hBADRKE sabsteite batween two rolls

film produced as
of the sheet. For example, a 10% PADFB concentration film produced as
described above exhibits good remanence.

Using a high remanence ferroelectric polymer in memory devices may
allow the device to be smaller or more information can be stored in the same area.
Figures 4(a)-4(c) illustrate various structures of memory devices. The structure
shown in Fig. 4(a) is called 1T1C type which consists of a transistor 400 and a
capacitor 402 having a ferroelectric polymer according to the exemplary
embodiment as the dielectric. To write information in this memory cell, an electric
field higher than the coerciveness of the ferroelectric material is applied between
BL and PL while the transistor 400 is turned on by applying voltage to WL for
example 1.5 V which is sufficiently larger than the threshold level of the transistor.
Depending on the polarity of the electric field between BL and PL, either data “0”

or data “1” is stored in the ferroelectric layer. In a reading operation, a certain

polarity of electric field is applied between BL and PL while the appropriate
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descri bed above exhi bits good remanence. Using a high
remanence ferroelectric polyner in nenory devices may
allow the device to be smaller or nore information can
be stored in the sanme area. Figures 4(a)-4(c)
illustrate various structures of nenory devices. The
structure 15 shown in Fig. 4(g) is called 1 T1 C type
whi ch consists of a transistor 400 and a capacitor

402 hayi n rroel ric polynmer according to the

¥ERES 9gpg$éagﬂi\&in§fch? F’f?éeqiiﬁ%f&aﬁ'ﬁ’a revs?’%s, ti’er‘}'Slo'acenr"f’“t
information in this nenory cell, an electric field _
augeelflawsbetweendieard E’éné@sﬁhebthﬂfé’\aﬂéin if &l podarizagion reversal is
material is applied between BL and PL while the

indaiced s thor diépacemantrawacerdnfldws dplvgen Bly dridadre . t Thékefore, by
for 20 exanple 1.5 V which is sufficiently larger than

Héféclih? @5 8ispldcerfint @lirrehe thé afbved irfformatiSiPeas bBYcddrmined as
the polarity of the electric field between BL and PL,

ﬁggihshrpdggq_n:' 0" or data "1" is stored in the _
errdelectric layer. In a reading operation, a certain

0 oA e O SRR oo

[f the stored polarization reverses, a di SCE| acenent o
asthentT rswBemarysel igthessamelas taf thae! It &rpan i elgctric field
no pol arization reversal is induced, no displacenent

bighee than thenvsoercivenens BIf thederroeleThicr materigl 40¢ according to the
detecting the displacenent current, the stored

eréaplary embotimehitis piedbetdedrs BLaniaRL MhileQhe dransibtor 406 is
". Figure 4(b) is a schematic of 1T type memory cell.

ttiRed b | B DPRJIRY |8 appropriate voltage to WL. To read the stored
information in the cell, voltage is applied to WL for example 1.5 V while a certain
magnitude of electric field smaller than the coerciveness is applied between BL
and PL. Since the current flow between BL and PL differs depending on the
direction of the stored polarization, the stored information can be determined as
having “0” or “1”.

Figure 4(c) shows a structure of so-called cross point type memory. It
consists of top electrodes 408, bottom electrodes 410 and a ferroelectric layer
412 according to the exemplary embodiment. Top 408 and bottom 410
electrodes form a matrix and the ferroelectric layer 412 is sandwiched by these
electrodes. When a pair of top 408 and bottom 410 electrodes is selected and a
voltage is applied between them for example 30 V, an electric field exceeding

coerciveness is induced at the corresponding cross point. Thus, writing or

reading operation is executed following the same principle as 1T1C.



for the 1 T type nenory cell is the sane as for the 1
Tl Ctype. An electric field higher than the
coerciveness of the ferroelectric material 404
according to the exenplary enbodinent is applied
between BL and PL while the transistor 406 is 10
turned on by applying an apprppriate voltage to W.. To
read the stored infornation inthe cell, voltage is
applied to W for exanmple 1.5 V while a certa in

magni t\(YRdstopxesmplany ?@bpﬂlév%n%r%ﬂn%#mﬁﬁ'aﬁntwe been described in
coerciveness is applied between BL and PL. Since the
detail emany Ivaviatiensve e pessihleowithindhefssopeddgba dnygntion as will be
the direction of the stored polarization, the stored
¢lefotormskited ceaddre determined as 15 having "0" or "1
". Figure 4(c) shows a structure of so-called cross
poi nt type nenory. It consists of top el ectrodes 408,
bottom el ectrodes 410 and a ferroelectric |ayer 412
according to the exenpl ary enbodi nent. Top 408 and
bottom 410 electrodes forma matrix and the
ferroelectric layer 412 is sandw ched by these 20

el ectrodes. Wen a pair of top 408 and bottom 410

el ectrodes is selected and a voltage is applied

bet ween them for exanple 30 V, an electric field
exceedi ng coerciveness is induced at the
correspondi ng cross point. Thus, witing or reading
operation is executed follow ng the sane principle as
1 T1 C 7 Wilst exenplary enbodi nents of the

i nventi on have been described in detail, many
variations are possible within the scope of the
invention as wll be
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clear to a skilled reader. 8 CLAIMS: 1. A
ferroelectric filmconprising polyam nodifl uoroborane
(PADFB). 2. The ferroelectric filmas clained in claim
1 further conprising a 5 ferroelectric polyner m xed
with the PADFB, the ferroelectric polyner being
different to PADFB. 3. The fegroelectric filmas
claimed in claim1 or claim2 wherein the
ferroelectric polynmer is selected fromthe group

¥ | ng of 10 Pol yvinylidenefluoride (PVDF),
copol ynmer of Pol yvi nylidenefl uoride and
Tri f |Aiteroeslestrie fiem CRMDISING palyaminodlifRadrg horkme(RAdi B
(Nylonl1l). 4. The ferroelectric filmas clained in any
one of the preceding clains wherein the concentration
of the PADFB is between 2wt % and 20wt % 15 5. A nenory

gevi %é%%bﬁa‘cﬂﬂ: Rif Us it NAC el 1 K‘@rtﬁﬁfmédfnpnsmg a
cells, each ceI conprising a pair of electrodes,

I
fe?forfﬁ’%%ﬁégdoi' gt BPEE E I PAGEE e 3%@98%ﬁl9?‘b§®ni‘er being
] field effect
TRt d BASERET ™ Sach tranci stor having & gare
i nsul ator made of a ferroelectric filmas clained in
any one of clains 1 to 4.

3. The ferroelectric film as claimed in claim 1 or claim 2 wherein the
ferroelectric polymer is selected from the group consisting of
Polyvinylidenefluoride (PVDF), copolymer of Polyvinylidenefluoride and

Trifluoroethylene (P(VDF/TrFE)) and Polyundecanoamide (Nylon11).

4, The ferroelectric film as claimed in any one of the preceding claims

wherein the concentration of the PADFB is between 2wt% and 20wt%

5. A memory device comprising one or more capacitor-like memory cells,
each cell comprising a pair of electrodes, a ferroelectric film as claimed in any

one of claims 1 to 4 being located between the electrodes.

6. A memory device comprising one or more field effect transistors (FET),
each transistor having a gate insulator made of a ferroelectric film as claimed in

any one of claims 1 to 4.
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9 7. Anenory device as clained in claim5 further
conprising a switching transistor configured to apply
a voltage to one of the el ectrodes 8. A nethod of
fabricating a ferroelectric polynmer conprising mXxing
a b5 predeterm ned anmount of PADFB with a solvent. 9.
The method as clainmed in claig 8 further conprising

m xing a predeternm ned anount of another different

erroel ectric polynmer with the PADFB, and the salvent. .
1Kio 10 MEBOREARYIEE3S CIAIMREIN FHaEM & FHTENSr CUTRIIFNG @ switching
further conprising fornin? a filmwth the solution.
transisies copfigeedde apply awaltage & anenof the electredes

conprising annealing the film 15 12. A ferroelectric
sol ution conprising polyam nodifl uoroborane (PADFB)

and a solvent. 20 13. The ferroelectric solution as

8! ai edmkthdd ¥f Mabfichtiid hefefrBEREHR rb@lxmer comprising mixing a
ferroelectric polynmer mxed with the PADFB and the

ARIEE minb 2 ik OF PABIES GithRPLYIBRt, el ng di fierent to

9. The method as claimed in claim 8 further comprising mixing a
predetermined amount of another different ferroelectric polymer with the PADFB

and the solvent.

10. The method as claimed in claim 8 or claim 9 further comprising forming a

film with the solution.
11. The method as claimed in claim 10 further comprising annealing the film.

12. A ferroelectric solution comprising
polyaminodifluoroborane (PADFB), and

a solvent.

13. The ferroelectric solution as claimed in claim 12 further comprising a
ferroelectric polymer mixed with the PADFB and the solvent, the ferroelectric

polymer being different to PADFB.



