PS-4-25

Extended Abstracts of the 2018 International Conference on Solid State Devices and Materials, Tokyo, 2018, pp995-996

Investigation of P(VDF-TrFE) Ferroelectric Varactor for Tunable Radio Frequency
Application

Sang-Woo Hanl, Hyun-Seo Kil’l’ll, Chan -Hyun Leel, Ho-Kyoung Leel, Hyungtak Kiml, Jeong-Hae
Leel, and Ho- Yyoung Chal

! Hongik University
School of Electronic and Electrical Engineering
04066, Seoul, Korea
Phone: +82-10-3955-0617 E-mail: hcha@hongik.ac kr

Abstract

In this work, we investigated the frequency tuning
range (FTR) of P(VDF-TrFE) ferroelectric varactors. The
tunable permittivity characteristics as a function of the
bias voltage were maintained up to a microwave fre-
quency range; FTR of ~2.5% was observed at 1 GHz
proving the feasibility of P(VDF-TrFE) organic/ferroelec-
tric material for use in a microwave frequency band.

1. Introduction

Tunable radio frequency (RF) devices have been de-
manded because of the enhanced usability with the tunable
resonance frequency. Especially, a tunable metasurface or a
frequency selective surface enables a transmit array or reflec-
tarray antenna design that allows beamforming on the surface
itself without changing the feeding [1]. Conventional tunable
RF devices are designed with pin diode varactors which re-
quire a complex epitaxy and/or fabrication process and a spe-
cial circuit operated under reverse bias conditions.

Ferroelectric varactors have tunable permittivity charac-
teristics as a function of the applied electric field. Advantages
of ferroelectric varactors in comparison with conventional pin
diode varactors are the simple fabrication process and bi-di-
rectional voltage operation. A microstrip patch antenna based
on a ferroelectric material was first proposed by Modelski, et
al in 2000 since when various tunable RF devices with ferro-
electric materials, such as BaTiOs [2], Pb(Zr-T1)O; (PZT) [3],
and BST [4], have been reported. Recently, P(VDF-TrFE) co-
polymer has been received attention for use in tunable RF de-
vices due to their design versatility, wide permittivity tuna-
bility, high Curie temperature, and low cost [5].
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Fig. 1 (a) Microscope image of a fabricated MFM capacitor and (b)
its corresponding polarization-electric field characteristics.

12 5.0

—a— 100MH 2
—— 200MHZ
—— S00MH 2
—v— 1GHz

— (Ermas)
Permittivity
tunability
64 I I !
T T T —— T T T o o
5 -0 -5 0 5§ 10 15 15 -0 5 0 5 10 15

Voltage [V] Voltage [V]

(a) (b)
Fig. 2 (a) Low frequency and (b) high-frequency dielectric constant
versus applied voltage characteristics (¢-V) of P(VDF-TrFE) MFM
capacitor.
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The frequency tuning range (FTR) of ferroelectric mate-
rials decreases as the frequency increases due to the limited
relaxation time of polarization dipole movement. Therefore,
it is important to know the permittivity tunability of a given
ferroelectric material as a function of frequency. A few stud-
ies have been reported on the frequency dependent ferroelec-
tric characteristics but the frequency range was typically be-
low 10 MHz [6],[7]. In this work, we investigated for the first
time the frequency-dependent polarization switching charac-
teristics of a metal-ferroelectric-metal (MFM) capacitor with
P(VDF-TrFE) ferroelectric material up to the microwave fre-
quency range.

2. Results and Discussion

A microscope image of the fabricated MFM capacitor and
its corresponding polarization-electric field hysteresis loop
characteristics are shown in Fig. 1(a) and 1(b), respectively.
The fabricated 72-nm thick P(VDF-TrFE) MFM capacitor
with a diameter of 200 um exhibited a remanent polarization
of ~ 4 uC/cm? and a coercive electric field of ~ 1.87 MV/cm.

In order to investigate the permittivity tunability of P
(VDF-TrFE) MFM capacitor, capacitance-voltage measure-
ments were carried out from 1 kHz to 5 MHz using a semi-
conductor parameter analyzer (B1500A) whereas s-parameter
measurements were carried out from 100 MHz to 5 GHz us-
ing a network analyzer (E8361C). Since the MFM structure

- 995 -



was a series capacitor, the s-parameters measured by the net-
work analyzer was converted to ABCD parameters and the
capacitance was extracted by

Capacitance =———————  where, B=Z, (L+51)(A+ S) = 5,8y
joximag(B) 2S,,

The extracted dielectric constant-voltage (e-V) character-
istics are shown in Fig. 2. The dipole moments of the ferroe-
lectric lattice structure were changed by the applied voltage,
resulting in the butterfly-shaped &-V characteristics. The
maximum (&max) and minimum (&wmin) dielectric constant val-
ues are plotted as a function of frequency in Fig. 3(a) and the
calculated permittivity tunability characteristics are plotted in
logarithmic and linear frequency scales in Fig. 3(b) and 4(c),
respectively. The tunability was calculated by (&max -
&min)/€min. According to the measurement results, both permit-
tivity and tunability decreased with frequency. It was ob-
served that the tunability was maintained up to > 1 GHz. The
tunability of 2 — 3 % above 500 MHz can still be utilized for
tunable RF device applications [1], [5]. Decreased permittiv-
ity and tunability can be attributed to free dipoles oscillating
in an alternating electric field. Dipoles can follow the electric
field change at low frequencies but cannot follow the change
at high frequencies (f >> 1/t where t is relaxation time); di-
poles begin to lag behind the electric field change and lose
their movements beyond the characteristic frequency (f= 1/1)
(6], [7].
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Fig. 3 (a) Maximum and minimum permittivities versus frequency.
(b)The frequency tuning range (FTR) in a logarithmic frequency
scale and (c) a linear frequency scale

3. Conclusions

The frequency dependent permittivity tunability of
P(VDF-TrFE) MFM capacitor was reported for the first time
up to a microwave frequency range. A permittivity tunability
of ~2.5% was observed at 1 GHz, which proved the feasibility
of P(VDF-TrFE) for use in tunable RF devices. When design-
ing tunable RF devices, the permittivity tunability is very im-
portant because it determines the range of selectable fre-
quency as well as the transmission and reflection coefficients
of the device. Therefore, this work is an important finding for
designing tunable RF devices based on P(VDF-TrFE) ferroe-
lectric material.
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