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OPTICAL AND ELECTRIC PROPERTIES OF
POLY ( VINYLIDENE FLUORIED-
TRIFLUOROETHYLENE) THIN FILM BY
LANGMUIR-BLODGETT TECHNIQUE
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Abstract ; Poly (vinylidene fluoride-trifluoroethylene) (P(VDF-TrFE) ) thin films were deposited on polyimide substrate u-
sing horizontal Langmuir-Blodgett(LB) technology. X-ray diffractions indicate that the films have good crystallinity with
(110) preferential orientation for films with different thickness. The optical dispersion of the films were measured by varia-
ble-angle spectroscopic ellipsometry. The data ¥ and A at multiple incident angels (8 =75° and 85°) were fitted using the
Cauchy model. The refractive index, extinction coefficient,absorption coefficient and thickness of each film were obtained.
The ferroelectric of the films were studied. The remnant polarization is up to 6. 3uwC/cm*. The coercive field is 100MV/
cm. The dielectric measurement for the film shows two distinctive phase transitions, ferroelectric-paraelectric phase transi-
tion and B relaxation.
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Introduction

The polymers based on polyvinylidene fluoride
(PVDF ) have attracted attention of many research

groups for their ferroelectric properties and many appli-
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cations. For instance, their dielectric, piezoelectric,
pyroelectric and ferroelectric can be used in capaci-
tors, piezoelectric actuators, infrared detector and fer-
5]

roelectric memories, respectively!' ', Compared to

the traditional perovskite ferroelectric thin films, the
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-trifluoroethylene) thin film by langmuir-blodgett technique

PVDF-based ferroelectric thin films have many advan-
tages, for example, fabrication at low temperature,
easily integrated with silicon technique, and environ-
ment friendly'>*>'. In PVDF-based ferroelectric thin
films, the copolymer PVDF-trifluorethylene ( TrFE )
film has been studied for its special ferroelectric. There
are several methods to prepare the P( VDF-TrFE) thin

films, including spin coating[z’ﬂ . evaporation[ﬁ] and

4797 In 1995, P
(VDF-TrFE) thin films were successfully prepared u-

Langmuir-Blodgett (LB) technique

sing LB method'”’. With this method, it is possible to
prepare a single layer of the film in mono-molecular
thickness.

In this paper, high quality P( VDF-TrFE) ) thin
films were prepared on polyimide substrate using hori-
zontal LB technology. The optical characteristics of P
(VDF-TrFE) LB films were investigated in the wave-
length range of 300 ~ 1300 nm by the variable-angle
spectroscopic ellipsometry ( VASE). The optical con-
stant spectra were obtained. The ferroelectric and die-

lectric properties were also studied in this paper.
1 Experimental procedures

1.1 Preparation of the P( VDF-TrFE) LB films

The copolymer P( VDF-TrFE) with a composition
ratio of 70/30 mol% was dissolved in dimethyl-
formamide to form a dilute solution (0.01% wt) for LB
transfer at room temperature. The P( VDF-TrFE) films
were deposited on the Al-coated polyimide substrates
by LB technology at a surface pressure of 5 mN/m.
Top electrode was formed by thermal evaporating alu-
minum through a metal mask. A plot of surface pres-
sure versus area is shown in Fig. 1. As can be seen,
each transferred layer of the film has nearly identical
area. That is to say, the thickness of every deposition
layer of the film is equal. After the transferring, the
film was annealed at 135°C for 8 hours in air to im-
prove its crystallinity.
1.2 Characterization of the P ( VDF-TrFE) LB
films

The X-ray diffraction (XRD) data were obtained
using a Bruker AXS/D8 Discover Cu Ko Diffraction
meter with an X-ray wavelength of 0. 15406 nm. We
report the optical dispersion of P( VDF-TrFE) LB films
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Fig. 1  The dependence between surface pressure and area
when transferring the P(VDF-TrFE) films by LB technique
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over the wavelength range from 300 nm to 1300 nm by
variable-angle spectroscopic ellipsometry analysis ( W-
VASE with Auto RetarderTM) and record (A ,6) and
A(A,0) for the incident angels of 75° and 85° for the
P(VDF-TrFE) LB film. The measurements were car-
ried out at room temperature. The polarization versus
electric field (P-E) hysteresis loops were measured u-
sing a Radiant Precision LC system. The dielectric
spectrum was measured using the Agilent 4980A im-
pedance analyzer with an ac drive voltage of 0.02 V at
different temperatures. Temperature was varied at a
rate of 2K/min controlled by a cryostat (MMR Tech. ,
Inc. ).

2 Results and discussion

2.1 Crystalline structure of the P ( VDF-TrFE)
LB films

Fig. 2 shows the XRD pattern of the P( VDF-Tr-
FE) films with 2,5,10,20 and 100 LB transfer layers
respectively. It can be seen in this figure that the films
exhibit a typical diffraction pattern of 3 phase, which
has a strong (110) peak at 19.6°. The intensity of the
peak increases with the thickness of the film for thinner
films with deposition layers less than 20. For film with
layers more than 20, the XRD intensity keeps un-
changed. This result reflects the changes in crystallini-
ty of the thin film with the thickness of films. The in-
tensity of the peak for the 2, 5, 10 and 20 layers sam-
ples increased with the increased thickness, suggesting

that the crystallinity of the films increased. As shown
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Fig.2 XRD patterns of the P(VDF-TrFE) thin films with dif-
ferent thickness. The inset is the dependence between the num-
ber of transfer layer and the peak of diffraction intensity
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in inset of Fig. 2, with the thickness of film up to 20
transfer layers, the intensity of the peak does not
change greatly. It can be explained by the thickness
will induce the films crystallinity.
2.2 Optical dispersion properties of the P( VDF-
TrFE) LB films

The optical properties of the P( VDF-TrFE) LB
films were obtained by VASE. The ellipsometric basic
parameters are the angels ¢ and A, which are defined
by the complex reflectivity ratio: p = r/r, =
tangpexp(iA) "M where r, and rare the complex
reflection coefficients of the light polarized parallel and
perpendicular to the plane of incidence, respectively.
The dielectric constant & = &, + ig, can be calculated
by fitting the measured data with Cauchy model. Then,

the optical constants, refractive index n and extinction

1/ 2

S v ek =1/ e v e - ey The

measured and the fitted data, ¢ and A, of the 40 trans-
fer layers P( VDF-TrFE) LB films are shown in Fig. 3
(a) and 3(b), respectively. The experimental data are

coefficient £ are decided as follows n =

shown by the circle, and the fitted spectra are shown by
solid lines. The data were obtained by 5 nm steps at in-
cident angles of 75° and 85°. We analyzed these experi-
mental data by a model of ( Ambient/P ( VDF-TrFE)/
Al/ Polyimide). It can be seen from Fig. 3 that the fit-
ted data fit well to experimental data for the P( VDF-Tr-

FE) films in the entire wavelength range. However,
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Fig.3  The ellipsometry spectra of the P ( VDF-TrFE) thin
film (a) ¢(A,0) (b)A(A,0). The circle is experimential da-
ta , the solid line is the fitted data
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there are some small deviations between the fitted and
the experimental data that can be observed in Fig. 3(a)
and 3(b). Tt is result from depolarizing some detected
polarized light''”). The thickness of 40 transfer layers P
(VDF-TrFE) LB films is 80. 63nm. The average thick-
ness of one LB transfer layer is about 2. 02nm, which is
similar to other group results .

Fig. 4 shows optical constants spectra of P( VDF-
TrFE) thin film,(a) n, (b) k. The inset is the o The
refractive index n (A) and extinction coefficient &£ ()
were obtained and is shown in Fig. 4(a) and 4 (b)
respectively.

The refractive index n of the P( VDF-TrFE) LB
films decreases as the wavelength increases in the 300

~1300 nm wavelength region. The dispersive curve of

the P(VDF-TrFE) film of refractive index are very flat
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Fig.4  Optical constants spectra of P( VDF-TrFE) thin film
(a)n (b)k. The inset is the a
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above 650 nm and rise sharply at shorter wavelength.
It is a typical dispersive curve near the electronic inter-
band transition. The value of the refractive index n is
1.506 at the wavelength A =633 nm, which is close to
the values of P ( VDF-TtFE ) reported by Berge, et
al'". The absorption coefficient of the P( VDF-TrFE )
LB films obtained by a =4mk/A is shown in Fig. 4
(b) inset. As can be seen, the absorption coefficient
decreases with increasing wavelength.

2.3 Ferroelectric properties of the P ( VDF-Tr-
FE) LB films

Fig. 5 shows the hysteresis loop of the Al/P
(VDF-TrFE) /Al capacitor measured at various applied
voltages range from 5V to 35V.

The P ( VDF-TrFE) LB film is characterized by
well-saturated polarization electric field switching
curves. At an applied voltage of 35V, the remnant po-
larization Pr is 6.3wC/cm” and the coercive field E, is
about 100MV/em. The well saturated PE loops is re-
lated to the B phase and the good crystallinity of the P
(VDF-TrFE) LB film.

2.4 Dielectric properties of the P ( VDF-TrFE )
LB films

The temperature dependence of dielectric proper-
ties for 50 transfer layers P ( VDF-TrFE) LB films is
shown in Fig. 6.

The data are derived at frequency of 1 kHz. The
temperature range is from 220K to 420K. The circle
and square lines represent data obtained in heating and
cooling process, respectively. As is shown in Fig. 6,

the curie temperature T, (388K ) on heating process is
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Fig.5 P-E curves of the P(VDF-TrFE) thin film at 10Hz with
different applied voltages
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Fig. 6 Temperature dependence of the dielectric constant and
dissipation factor for P( VDF-TrFE) thin film at 1kHz, the red
circle and black square line are the heating and cooling process
respectively
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obviously higher than that (356K ) on the cooling
process. It suggests that the phase transition is a first-
order type. In addition, there is a broad dielectric loss
peak is around at 248K. This dielectric relaxation is
similar to the dielectric relaxation of P( VDF-TrFE 65 .
35 mol% ) ,which have been found and assigned to 3

relaxation .

3 Conclusions

In summary, good crystallinity P ( VDF-TrFE )
films have been prepared on Al coated polymide sub-
strates by Langmuir-Blodgett( LB) technology. The op-
tical characters of the P( VDF-TrFE) films were inves-
tigated by variable-angle spectroscopic ellipsometry o-
ver a range from 300 ~ 1300nm. The thickness of the
thin film obtained by analysis is about 2 nm per deposi-
tion layer. The P( VDF-TrFE) films showed good fer-
roelectricity with a remnant polarization of 6.3 wC/cm’
and the coercive field £, of 100MV/cm. The dielectric
measurement for the film shows two distinctive phase
transitions. One is ferroelectric-paraelectric phase tran-

sition and the other is belonging to 8 relaxation.

REFERENCES

[1] Lovinger A J. Ferroelectric polymers [ J]. Science, 1983,
220(4602) :1115—1121.

[2] Bune A V, Fridkin V M, Ducharme S, et al. Two-di-
mensional ferroelectric films [ J]. Nature ( London) ,1998,

391.874—877.
(T # 456 )



456 ANV NS5 NI 2 o3 29 &

Degree of polarization j

K5 TASEE R R AR BE § SR SC R (2502 il
BB EAE T AR B A 45 R 520 20 i i S5 Bl i
EXEELNEEE Y

Fig.5 Frequency-dependence of degree of polarization for 5
various grating structures ( Solid line symbols for the result of
experiment, Hollow Line symbols for the result by FDTD simu-
lation)

B BT 45 AR A2 R 2X e B (1) P I A 1)
SR S R IR T 4 A I R v 2 R R s P A R 1Y
75 RIS 5340 52 woods SR PR 5 (2) S f P2 14
25 R X2 A X T 4 Jm AR AR U H A S
i 9 BT e 1) AR AR 4 O L SO0 A2 3
BUEP A A TRIVE T 5 (3) 24 20k 58 B — g I, 72
2B f =a/L =0.5 Zo A7 LM ) O B 4 1k 55
W, B M A R IR ASCR | T S A S 10 A )
T 2 B N ) NP6 R A5 TR 0.5 Aoy 3X
Se gk Sy A KR 4% I B i) et i - S A 45
2%,

(E#409 W)

[3]Zhang Q M, Bharti V, Zhao X. Giant electrostriction and
relaxor ferroelectric behavior in electron-irradiated poly ( vi-
nylidenefluoride-trifluoroethylene) copolymer [ J]. Science,
1998,280(5372) :2101—2104

[4]Ducharme S, Reece T J, Othon C M, et al. Ferroelectric
polymer Langmuir-Blodgett films nonvolatile memory appli-
cations [ J]. IEEE Transaction on device and materials reli-
ability 2005 ,5(4) :720—750.

[ 5 ] Fujitsuka N, Sakata J, Miyachi K, et al. Monolithic pyroe-
lectric infrared image sensor using PVDF thin film [ J].
Sens. Actuators A. ,1998 ,66(3) :237—243.

[6] Noda K, Ishida K, Kubono A, et al. Remanent polariza-
tion of evaporated films of vinylidene fluoride oligomers
[J]. J. Appl. Phys. ,2003,93(5) :2866—2870.

[7]Palto S, Blinov L, Bune A, et al. Ferroelectric Langmuir-
Blodgett films [ J]. Ferro. Lett. , 1995,19 (3—4) :65—
68.

REFERENCES

[1]Hsieh C F, Lai Y C, Pan R P, et al. Polarizing terahertz
waves with nematic liquid crystals [ J]. Opt. Lett. ,2008,
33(1):1174—1176.

[2]Awasthi S K, Srivastaval A, Malaviya U, et al. Broadband
plate polarizer in Terhertz frequency region[ J]. Solid State
Commun. ,2008,146(11-12) .506—509.

[3]Yamada I, Takano K, Hangyo M, et al. Terahertz wire-grid
polarizers with micrometer-pitch Al gratings [ J ]. Opt.
Lett. ,2009,34(3) .274—276.

[4]Sun L, Lv Z H, Wu W, et al. Double-grating polarizer for
Terahertz radiation with high extinction ratio [ J]. Appl.
Opt. ,2010,49(10) :2066—2071.

[5]Liang D, Xing Q R, Tian Z, et al. Transmission properties
of metallic grating with subwavelength slits in THz frequency
region[ J]. Act. Passive Electron. Compon. ,2007 ,63139 .
1—4.

[6]LiD, Ma G H, Ge J, et al. Terahertz pulse shaping via bi-
refringence in lithium niobate crystal[ J]. Appl. Phys. B,
2009,94 (4 ) .623—628.

[7]Barnes W L, Murray W A, Dintinger J, et al. Surface plas-
mon polaritons and their role in the enhanced transmission
of light through periodic arrays of subwavelength holes in a
metal film[ J]. Phys. Rev. Lett. ,2004,92(10) :107401-
1—4.

[ 8]Garcia-Vidal F J, Moreno E, Porto J A, et al. Transmission
of light through a single rectangular hole[ J]. Phys. Rew.
Leit. ,2005,95(10) :103901-1—4.

[9]Lee ] W, Seo M A, Kang D H, et al. Terahertz electromag-
netic wave transmission through random arrays of single rec-
tangular holes and slits in thin metallic sheets[J]. Rev.
Lett. ,2007,99(13) .137401-1—4.

[10]Guillaumée M, Dunbar L. A, Santschi C, et al. Polariza-
tion sensitive silicon photodiodes using nanostructured me-
tallic grids[ J]. Appl. Phys. Lett. ,2009,94(19) :193503-

1—3.

[8]Meng X J, Kliem H, Lin T, et al. Electric field induced
conversion in the nature of the phase transition from the first
order to the second order for Langmuir-Boldgett polymer
films [J]. Appl. Phys. Lett. , 2007,91(10) :102903.

[9]Meng X J, Kliem H, Lin T, et al. Low-temperature dielec-
tric properties of Langmuir — Blodgett ferroelectric polymer
films [J],J. Appl. Phys. ,2008,103(3) :034110.

[10]Huang Z M, Zhang Z H, Jiang C P, et al. Infrared optical
properties of Ba, ¢ Sr, , TiO, ferroelectric thin films [ J].
Appl. Phys. Lewt. ,2000,77(22) :3651.

[11]Hu Z G, Wang G S. Huang Z M, et al. Optical properties
of Bi, ,s La, ;s Ti; O, thin films using spectroscopic ellip-
sometry [J]. J. Appl. Phys. ,2003,93(7) .3811—3815.

[12]Berge B, Wicker A., Lajzerowicz J, et al. Second-har-
monic generation of light and evidence of phase matching in
thin films of P( VDF-TrFE) copolymers [ J]. FEurophys.
Leit. ,1989,9(7) :657—662.



	Pages from 10hwx06-完整显示2-2.pdf
	Pages from 10hwx06-完整显示2-3.pdf

