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Tailoring of the coercive voltage in a ferroelectric polymer capacitor

Woo Young Kim a,⁎, Hee Chul Lee b

a Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology (KAIST), 373-1, Guseong-dong, Yuseong-gu, Daejeon 305-701, Republic of Korea
b Department of Electrical Engineering, Korea Advanced Institute of Science and Technology (KAIST), 373-1, Guseong-dong, Yuseong-gu, Daejeon 305-701, Republic of Korea

a b s t r a c ta r t i c l e i n f o

Article history:
Received 5 August 2016
Accepted 17 September 2016
Available online 21 September 2016

For an identical ferroelectric material, operation at a different voltage means that all ferroelectric films should be
designed for different thicknesses, though this increases the degree of process complexity. Here, a technique
which can be used to adjust the coercive voltage (VC) of ametal-ferroelectric film-metal capacitor is demonstrat-
ed. The VC-adjustable capacitor was fabricated with ferroelectric polymer film and the capacitor consists of two
sub-capacitorswith different thicknesses. For a common top and bottom electrode, the sub-capacitors are equiv-
alent to two parallel-connected capacitors. With regard to the variance of the ratio of the area of the sub-capac-
itors, a VC-adjustable capacitor can take coercive voltage between twoVC values, each ofwhich correspond to the
VC value of each respective sub-capacitor. In this demonstration, the width of the tuning range of the VC values
was 3.6 V. In addition, the strategy for a linear VC adjustment of a VC-adjustable capacitor is discussed in terms
of the concept of nonlinearity. This demonstration with a ferroelectric polymer is predicted to be applicable to
emerging organic electronic applications.

© 2016 Published by Elsevier B.V.
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1. Introduction

Ferroelectricmaterials are very attractivematerials for a range of ap-
plications, such as memory devices [1,2] as well as nonvolatile circuits
[3], neuron-mimicking circuits [4,5], tunable antennas [6], sensors and
actuators [7,8]. If these components can be combined in a single system,
such an integrated system will be very versatile. If only one type of fer-
roelectric material is used, the ferroelectric films for different devices
should be fabricated with different thicknesses because different de-
vices operate in different voltage ranges. In other words, all ferroelectric
devices should be fabricated with different process steps. Given this
point of view, a method by which all ferroelectric devices can be fabri-
cated in a single step but where all devices can operate in different volt-
age ranges should be encouraged, leading to a reduction in the overall
number of process steps and an improvement of the process yield.

In this work, a method to tailor the coercive voltage using a ferro-
electric polymer is demonstrated. The coercive voltage is one of the
main parameters in ferroelectric films; it is defined as external voltage
which creates net polarization of a ferroelectric film zero. The polarity
of the surface charge in a ferroelectric film changes upon coercive volt-
age, which is why coercive voltage is used as a reference (or its corre-
sponding voltage is) to compare ON and OFF states in switching
devices or 0 and 1 states in memory devices. The ferroelectric polymer
used here was selected for its superior properties, such as easy process-
ability and environment inertness. Therefore, it is expected that

tailoring the coercive voltage in a ferroelectric polymer capacitor will
be a useful method for emerging applications. In the next section, the
principle used to tailor the coercive voltage will be described in detail.

2. Principle

For a ferroelectric capacitor with large surface roughness, it has been
reported that the switching time of polarization is retarded compared to
a ferroelectric capacitor with a flat surface, as an external electric field is
applied non-uniformly to the ferroelectric film [9]. The method to tailor
the coercive voltage of a ferroelectric capacitorwas inspired by the non-
uniform distribution of the electric field. Fig. 1 describes the principle
behind the tailoring of the coercive voltage of a ferroelectric capacitor.
Fig. 1a represents a normal ferroelectric capacitor with a flat surface,
where the two terminals are connected to an external voltage (VA)
source and the ground, respectively. In reality, however, surface rough-
ness exists to a certain extent on account of the crystallinity of the ferro-
electric film. For a conceptual understanding, assume that the film
morphology consists of only two terrains, a plateau and a valley. The
height of the plateau from an electrode connected to the ground is ΔB

above a reference thickness of t0. Conversely, the valley is positioned
below ΔA from t0. If all plateaus and valleys correspond to parallel-con-
nected capacitors, the ferroelectric capacitor in Fig. 1b is electrically
equivalent to the ferroelectric capacitor shown in Fig. 1c. Therefore,
the entire ferroelectric capacitor with an area of A0 consists of two dif-
ferent sub-capacitors, CA and CB. When external voltage VA sweeps
from 0 to VMAX, as represented in Fig. 1d, the coercive voltage of CA
(VCA) is applied prior to the coercive voltages of CB (VCB). Assume that
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the area ratio of CA to CB is α: (1- α). For an α value larger than 0.5, each
hysteresis loop for CA and CB will be measured, as shown in Fig. 1e. It is
possible to imagine that a certain voltage VX between VCA and VCB exists
tomake the polarization of CA at VX (PA(VX)) equal to the polarization of
CB at VX (PB(VX)). Therefore, it is certain that the coercive voltage of the
entire ferroelectric capacitorwith area A0 is positioned between VCA and
VCB. Ferroelectric polarization (P) can be quantitatively describedwith a
hyperbolic tangent function, as expressed below [10,11].

P ¼ PS tanh k VA−VCð Þð Þ ð1Þ

Here, PS is the spontaneous polarization of the ferroelectric capacitor
when the external voltage VA is VMAX; VC is the coercive voltage. The
fitting constant k determines how fast P approaches Ps. Thus, PA and

PB are modelled as αPS tanh(k(VA−VCA)) and (1−α)PS tanh(k(VA−
VCB)), respectively. To apply VA = VX to make the net polarization zero
throughout a ferroelectric capacitor, the following equation applies.

P ¼ PA þ PB ¼ αPS tanh k VX−VCAð Þð Þ þ 1−αð ÞPS tanh k VX−VCBð Þð Þ
¼ 0 ð2Þ

When the parameter k and the capacitor structure are known, the only
variable in Eq. (2) is the area ratio, α. In other words, the solution of Eq.
(2) depends solely on α to determine the areas of the two capacitors.

The fact that the term α can be manipulated intentionally suggests
that it is possible to fabricate a ferroelectric capacitor with random
values of the coercive voltage VC = VX between VCA and VCB. If such an
important factor VC can be manipulated simply by tuning the area

Fig. 1. Principle behind the tailoring of the coercive voltage. Schematics of (a) a flat ferroelectric capacitor with area A0 and thickness t0. (b) A rough ferroelectric capacitor with two
terrains, a plateau and a valley. The film thicknesses of the plateau and the valley are t0 + ΔB and t0 - ΔA, respectively. (c) Structure electrically equivalent to the structure depicted in
(b). The area ratio of CA and CB is α: 1- α. (d) Profile of the applied voltage with the maximum voltage VMAX. VCA and VCB indicate the coercive voltages of CA and CB, respectively. (e)
Schematic of the polarization-voltage relationship between CA and CB when α exceeds 0.5.
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