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ELECTRIC CHARACTERISTICS OF LANGMUIR-
BLODGETT FERROELECTRIC POLYMERS FILM .
HIGH PYROELECTRIC COEFFICIENT AND
LOW DIELECTRIC CONSTANT

LIU Pu-Feng, WANG Jian-Lu, TIAN Li, MENG Xiang-Jian, CHU Jun-Hao
( National Laboratory for Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy
of Sciences,Shanghai 200083, China)

Abstract; The relative dielectric constant £’ and pyroelectric coefficient p of ferroelectric poly( vinylidene fluoride-trifluoro-
ethylene) polymers P( VDF-TrFE) films grown on flexible substrates by Langmuir-Blodgett (LB) technique were meas-
ured, and room temperature figure of merit was obtained as 1. 4 Pa~'"> at 1kHz. The result implies that LB P( VDF-TYFE)
copolymer films are potential materials for pyroelectric detectors. This enhancement of figure of merit could be attributed to
good crystallinity and highly planar ordered molecular chains in the LB films.
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. devices!" "', For infrared detectors, perfect materials
Introduction . - :

should have huge pyroelectric coefficient, small dielec-

During the recent years, considerable experimental tric constant and low dielectric loss. Classic perovskite-

and theoretical efforts have been devoted to the study of type ferroelectric materials have not only high pyroelec-

ferroelectric thin film materials that have remarkably fer- tric coefficient but also high dielectric constant which is

roelectric, dielectric, piezoelectric, and electro-optic disadvantageous for infrared detectors. Although pyroe-

properties. Due to prominent properties, ferroelectric lectric coefficient'®) of ferroelectric polymers is one or-

thin films are essential components in a wide variety of der lower than that of perovskite-type ferroelectric mate-

applications including sensors and infrared detectors, rials, dielectric constants of ferroelectric polymers are

nonvolatile memories, tunable microwave circuits or RF two orders lower. In addition, ferroelectric polymers
. b
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have appealing features, such as low synthesis tempera-
tures (below 200 °C), low costs, ambient pressure and
high chemical stability, etc. Consequently, polyvinyli-
dene fluoride (PVDF) and copolymers with trifluoroeth-
ylene (TrFE) and tetrafluoroetylene (TeFE) are poten-
tial replacements for ferroelectric perovskites currently
used in infrared detectors.

The P( VDF-TrFE ) copolymers occur mainly in
the ferroelectric B-and paraeleciric a-phases. The per-
manent electric polarization is due to the influence of
the highly electronegative fluorine on the polymer
chain. The B-phase corresponds to all-trans ( TTTT)
molecular conformation, i. e. all the dipoles in each
(CH,-CF, }-like monomer are aligned along the same
direction that is roughly perpendicular to the polymer
chain. The non-polar a-phase consists of an alternating
trans( T) gauche ( G) bonding configuration ( TGTG
pattern) in which neighboring units have antiparallel
dipole moments. Depending on the processing tech-
niques and conditions, the film properties associated
with the chain motions and the inter- or intra- interac-
tions, may be substantially different within the g-and
a-crystalline and/or amorphous regions.

In this paper, we present a detailed investigation of
the dielectric and pyroelectric properties of P( VDF-Tr-
FE) films grown by Langmuir-Blodgett (LB) technique
on aluminized flexible substrates. Our results indicate
that good crystallinity, highly planar ordered and close
parallel packing of the molecules in LB P( VDF-TrFE)

copolymer films enhance the pyroelectric response.

1 Experimental details

Film growth by LB technique consists of depositing
uniform molecular monolayer on solid substrates and al-
lows full crystallization of the films, in contrary to bulk
P(VDF-TFE) copolymers or spin coating films which
are usually semi-crystalline'”’. P ( VDF-TrFE) films,
whose compositions are 70% vinylidene fluoride mixed
with 30% trifluorcethylene in mole ratio, are fabricated
by the so-called horizontal LB technique as described

elsewhere®! .

A solution of the copolymer is prepared
with a concentration of about 0. 05 wt. % in dimethyl
sulfoxide. The films are transferred to an aluminium

coated flexible substrate at a surface pressure of SN/cm

and consist of 50 monolayers. The thickness of one
nominal monolayer is basically three times thicker than
the molecular diameter, whose thickness is about 1. 78
nm'®’. The total thickness of our 50 MLs copolymer 1is
therefore of about 90 nm. In order 1o improve the crys-
tallinity, these films were annealed at 140 °C for 5 h.
Aluminium is evaporated onto the P( VDF-TrFE) films
to form the capacitor structure with an area about 0.5
em®. The sample is then annealed at 120 °C for 2 h in
atmosphere.

Here we used a variety of temperature-dependent
techniques to investigate the same sample, which are
beneficial to a better understanding of the behavior of P
(VDF-TrFE) films. The temperature dependence of
dielectric constants was measured by using an Agilent
F4980A impedance analyzer with an ac drive voltage of
0.02 V at temperatures varying from 300 K to 400 K
with a rate of 1 K/min. The frequency is varied from 1
kHz to 100 kHz. High resolution x-ray measurements
at different temperature were performed on a highly ac-
curate two-axis diffractometer in a Bragg-Brentano ge-
ometry with Cu-Ka wavelength issued from an 18 kW
rotating anode generator, using a cryofurnace operating
between 300 K and 400 K. The polarization versus e-
lectric field ( P-E) hysteresis loops were measured by a
Radiant Precision LC system at 1 kHz and various tem-
peratures upon heating. The pyroelectric coefficient

was measured by a dynamic technique'®’.

2 Results and discussion

X-ray diffraction measurements of P{ VDF-TrFE)
film are shown in Fig 1. At temperatures below 340 K or
above 385 K, only one phase is present, either the low-
temperature ferroelectric B-phase (26 =19.5° £0. 5°)
or the high-temperature paraelelctric a-phase (26 = 18°
+0.5°). At temperature between 340 K and 385 K,
there exists a mixture of the two phases, with one grow-
ing at the expense of the other. This is a clear sign of
the structural change in P( VDF-TrFE) film which ac-
companies the phase transition. The disappearance of
the B-phase Bragg peak in the x-ray diffraction pattern
indicates that ferroelectric-paraelectric ( F-P) phase
transition temperature 7' is near 390 K. This phase

c

transition is of first-order as a-and B-phases coexist in a
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Fig. 1 X-ray diffraction pattern between 17.5° and 21° at tem-
perature range from 300 K to 400 K
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Fig.2 P-E loops of P(VDF-TrFE) at different temperature. In-
set shows the P-E loop under a 400 MV/m field at 300 K
B2 P(VDF-TrFE ) 354y W AR A [R]3 BF A eELF [0] £&.
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wide temperature range from 340 K to 380 K on heating.
Similar phenomenon has been reported by Choi et all™
in surface phase transition of LB films.

The P-E loops at temperature range from 300 K to
400 K are presented in Fig. 2. Inset of Fig. 2 shows the
P-E loop under a 400 MV/m field. Because film can
be broken down under 400MV/m field above 350K,
_we measure the P-E loops under a 300 MV/m electric
field upon heating. It can be seen that the polarization
of P(VDF-TrFE) copolymer has a sharp change with
temperature. The maximum of P, is 6.3uC/cm’ at
360K. Above 390K, the spontaneous polarization dis-
appears and only polarization induced by electric field
remains. Therefore, P, is only 3. 45u.C/cm’ at 400 K.

The large change of polarization with temperature sug-

gests a large pyroelectric response.

The pyroelectric current i, was measured by a
Keithley 6517 electrometer. The pyroelectric coeffi-
cient p calculated by p = i,/( AwATcoswt) is -
26. 7uC/m’K at room temperature, where A is the are-
a, w is modulating frequency, and AT is the rate of
change of the temperature. Compared with previous ex-
periment results —24pu.C/m’K in spin-coated films'®
pyroelectric coefficient p of our sample is enhanced.
However, our sample is much thinner than the spin-
coated films. The spontaneous polarization and pyroe-
lectric coefficient would be improved further with the
increase of film thickness.

For pyroeleciric detectors, relative dielectric con-
stant &’ and dielectric loss tan § of materials are impor-
tant parameters. The responsivity of detectors is in-
versely proportional to &’. Moreover, dielectric loss is
one of noise sources which limit pyroelectric detector
sensitivity. Fig. 3 shows the temperature dependence of
the real part of the relative dielectric constant &' and
the dielectric losses tan § on heating process as a func-
tion of frequency for P VDF-TrFE) copolymer films.
The F-P phase transition takes place at 388 K as evi-
denced by the maximum of the dielectric constant. This
is in consistent with the result of x-ray diffraction. It is
noticeable that the maximum of &' is ~ 9 which is at
least two orders less than that of classic perovskite-type

(11,121 The diagram of &’ and tan

ferroelectric materials
S versus frequency is plotted in Fig. 4. It can be found
that the dielectric losses are lower than 0. 032 between
100 Hz to 10 kHz at room temperature.

The physics of pyroelectric detectors has been ex-

d"*="") . This analysis

tensively analyzed and reviewe
concerns both the thermal and electrical response of the
detector and leads to the conclusion that voltage re-
sponse is proportional to a figure of merit £, =p/[c’g,
&'], where ¢’ =2.7 x10° J/m*K is volume specific
heat, g, is the permittivity of free space. Taken into
account noise signals in particular application, the high
value of figure of merit F, = p/[ ¢’ (gy&'tand) "] is
more desirable. The figures of merit F, and F, are sig-
nificant parameters in assessing the usefulness of a py-

roelectric material. Room-temperature figures of merit

of some pyroelectric materials are listed in Table I. Tt
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Fig.3 Temperature variation of relative dielectric constant
and losses (inset) for P(VDF-TrFE) film
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Fig.4 Relative dielectric constant and losses versus frequency

at room temperature
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can be found that the figures of merit of LB film is
slightly better.than that of bulk for P( VDF-TYFE) 70/
30. Due to trend of device miniaturization, films are
more beneficial to practical application. Besides, it
shows that Fj, of P( VDF-TTFE) LB film is equal to
that of PZT film. Compared to PZT film, the advantage
of P(VDF-TrFE) film is nontoxic to environment.

In our opinion, the reason for enhancement of fig-
ures of merit should be associated with the special micro-
structure of LB films. It is well known that the LB copol-
yrhers demonstrate some exceptional features, such as
good crystallinity, highly planar ordered and closed paral-
lel packing of moleculars. LB growth technique decreases
nonpolar clusters (nanometer size gauche segments) or

defects and leads to arrangement of dipole moment more

#1 Room-temperature figures of merit of several ferroelec-
tric materials

Table 1 JLASEEBHINERREERTF

Material f(kHz) Fy{m¥C) Fp(x10~Pa~"2)
DTGS( crystal ) 1 0.53 8.3 (Ref. 15)
LiTa0;( crystal) 1 0.17 11.1 (Ref. 16)
PT( ceramic ) 1 0.7 3.2 (Ref. 14)
PZT 25/75(film) 1 0.26 1.4 (Ref.17)
P(VDF-TYFE) 70/30( bulk) 1 0.2 1.36 (Ref. 18)
1

P(VDF-TrFE) 70/30(LB film) 0.327 1.4

effective, which is beneficial to the enhancement of fig-
ures of merit. Consequently, LB P(VDF-TrFE) films can
satisfy demands of uncooled thermal infrared detectors.
Our work provides useful results in application of LB P
( VDF-TrFE) films for practical detectors.

3 Conclusions

In summary, the dielectric and pyroelectric re-
sponses of LB P( VDF-TrFE) films were investigated.
Relatively low dielectric constant ~ 9 and high pyroe-
lectric coefficient ~ —26. 7uC/m’K were obtained in
our samples. Good crystallinity, highly planar ordered
and close parallel packing of the molecules in LB poly-
mer films enhance pyroelectric coefficient and figures of
merit. It suggests that LB P( VDF - TrFE) film is a
potential candidate besides classic ferroelectric materi-

als for pyroelectric detectors.
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