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Abstract

In this study, optimum locations for a loop-type ground radiation antenna are evaluated for C-shaped ground planes of two different siz-

es. To achieve good radiation performance, the antenna needs to be located such that it couples with the dominant current mode of the

ground plane. Antenna locations are proposed using the characteristic mode analysis of the ground planes. The measured bandwidths of

the antennas at the proposed locations have more than twice the bandwidths of the cases in which the antennas are coupled with non-

dominant modes. The operating frequency of the antennas is 2.45 GHz.
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1. INTRODUCTION

The increasing market demand for Internet of Things (IoT)
devices has emphasized the need for high-performance anten-
nas for small devices. The performance of an electrically small
antenna is determined by its physical size [1]. To design a high-
performance antenna on a small ground plane, the antenna
should be effectively coupled with the dominant characteristic
mode of the ground plane. The loop-type ground radiation an-
tenna (GradiAnt) is a promising option for mobile devices [2,
3]. Previous literature mainly focused on rectangular-shaped
ground planes in which the GradiAnt is coupled with the first-
order mode. These antennas show good performance for a dis-
continuous square ring-shaped ground plane [4] in which the
dominant mode is the second-order mode. The characteristic
mode analysis of various ground plane shapes has been em-
ployed in efficient antenna designs [5, 6]. However, the applica-
tion of the characteristic mode analysis in high-performance
GradiAnt design still needs more attention.

In this study, the optimum location for a loop-type GradiAnt
is evaluated for a C-shaped ground plane using the characteris-
tic mode analysis. To demonstrate this technique, the locations
of the GradiAnt are analyzed for two different C-shaped
ground plane sizes. The effect of different antenna locations on
the bandwidth and efficiency of the antenna is observed. The
antenna location, where it effectively couples with the dominant
ground mode, performs significantly better than the other loca-
tion, where the antenna is coupled with the non-dominant
mode. The simulation is conducted using a full wave simulator,
and measured data are obtained in a 6 m X 3 m X 3 m three-
dimensional cellular telecommunications and Internet associa-
tion over the air chamber.

II. ANTENNA DESIGN AND OPERATING MECHANISM
The GradiAnt consists of a rectangular clearance 4 mm X 7

mm in size. The feeding loop contains the feeding capacitor
(Cf). The resonance capacitor (Cr) is used to control the operat-

Manuscript received November 29,2017 ; Revised March 22,2018 ; Accepted September 19, 2018. (ID No. 20171129-069])
Department of Electronics and Computer Engineering, Hanyang University, Seoul, Korea.

"Corresponding Author: Hyeongdong Kim (e-mail: hdkim@hanyang.ac.kr)

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 19,NO. 1,JAN. 2019

ing frequency of the antenna. Flame Retardant Type-4 (FR-4)
(&, = 4.4, tan6 =0.02) with 1 mm thickness is used as a sub-
strate material. Two C-shaped ground plane sizes are consid-
ered. The smaller C-shaped ground plane is 30 mm X 50 mm
in size with a 15 mm X 20 mm empty space at the right edge.
The larger C-shaped ground plane is 48 mm X 80 mm in size
with a 24 mm X 32 mm empty space at the right edge. The
geometries of the GradiAnt and the ground planes are shown in
Fig. 1. The thickness of the patterns is 0.5 mm. Two GradiAnt
locations on the ground plane are evaluated using the character-
istic modes of the ground planes. One of the locations (P1) is
the middle of the right edge of the ground plane, as shown in
Fig. 1(a), and the other location (P2) is the middle of the left
edge of the ground plane, as shown in Fig. 1(b).

The GradiAnt behaves as a magnetic coupler, and its radi-
ation performance is attributed to its coupling with the
ground plane. Based on the theory of characteristic modes,
the total current J on the conducting body can be obtained
through the following equation:

EiJp)dt

=g ey, ®
where [[[(E; - J,)dt is the coupling between the impressed
field E; and modal current J,, and A,, is the eigenvalue asso-
ciated with the 7 characteristic current mode. A, is closely
related to the resonance frequency and the radiation perfor-
mance. The coupling becomes maximum at resonance, when
An approaches zero, as the denominator term becomes the
smallest. According to Eq. (1), maximum coupling will be
achieved if the antenna is located at the maximum current of the
dominant ground mode. Moreover, the characteristic mode of
the ground plane radiates effectively at resonance. Therefore,
good radiation performance will be achieved if the antenna is
coupled with the characteristic mode of the ground plane that is
resonantly close to the operating frequency. The performance of
the antenna at locations P1 and P2 is compared for both ground
sizes. The characteristic modes of both ground planes are ana-
lyzed in a full wave simulator, and the eigenvalues of the first-
and second-order modes of both ground planes are presented in
Fig. 2. The resonant frequency of the first-order mode is 1.95
GHz at position 1 (P1), and it is close to the operating frequen-
cy of the antenna (2.4-2.5 GHz), making the denominator
term of Eq. (1) small. The resonant frequency of the second-
order mode is 4.79 GHz, which is far from the operating fre-
quency of the antenna at position 2 (P2), thus making the de-
nominator term of Eq. (1) large and the numerator term of Eq.
(1) maximum. The performance of the antenna, coupled with
the first- and second-order modes, is predicted on the basis of
Eq. (1). According to this equation, the coupling of the antenna
with the first-order mode is higher than that with the second
order mode. Therefore, on the small C-shaped ground plane,
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Fig. 1. Configuration of the proposed antenna on (a) a small and (b)
a large C-shaped ground plane.
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Fig. 2. Eigenvalues of the large and small C-shaped ground planes.

the radiation performance of the antenna at location P1 is ex-
pected to be higher than that at P2.
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Fig. 3. Current distribution of the (a) small and (b) large C-shaped
ground planes.

Conversely, at P1, the first-order mode of the larger ground
plane is resonant at 1.23 GHz, which is far from the operating
frequency of the antenna, thus making the denominator term of
Eq. (1) large. At P2, the resonance frequency of the second-
order mode is at 3.05 GHz, which is closer to the operating
frequency, thus making the denominator term of Eq. (1) small.
Therefore, on the large C-shaped ground plane, the radiation
performance of the antenna at P2 is expected to be higher than
that at P1.

To improve the radiation performance of the antenna, in-
creasing the numerator term of Eq. (1) is important, and the
location of the antenna is a crucial factor in determining the
coupling. Therefore, the current distribution is analyzed to de-
termine the position of the antennas. Fig. 3 shows the current
distribution of the small and large C-shaped ground planes.
The optimum locations for the antennas are decided on the
basis of the reaction theorem, which has the characteristic of the
current maximum [7].

ITI. SIMULATION AND EXPERIMENTAL RESULTS

To verify the performance at the proposed locations on the
C-shaped ground planes, the designs are simulated and fabricat-
ed for measurement. The simulated and measured results are
illustrated in Figs. 4 and 5.

Fig. 4 shows the results of the antenna on the small C-shaped
ground plane. The simulated impedance bandwidth of the an-
tenna at P1 is 470 MHz (2,260-2,730 MHz) and that at P2 is
230 MHz (2,330-2,560 MHz). The measured bandwidth of
the antenna at P1 is 438 MHz (2,303-2,741 MHz) and that at
P2 is 175 MHz (2,377-2,552 MHz). The measured results
reveal that the bandwidth of the antenna at P1 is 2.5 times more
than that at P2.

Fig. 5 shows the results of the antenna on the large C-shaped
ground plane. The simulated impedance bandwidth of the an-
tenna at P1 is 120 MHz (2,410-2,530 MHz) and that P2 is
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Fig. 4. Return loss characteristics of the small C-shaped ground
plane.

230 — Simulation P1
--------- Measurement P1

40 | -=-=-- Simulation P2
— Measurement P2

20 22 24 2.6 28 3.0

Frequency [GHZz]

Fig. 5. Return loss characteristics of the large C-shaped ground
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plane.

300 MHz (2,320-2,620 MHz). The measured bandwidth of
the antenna at P1 is 139 MHz (2,361-2,500 MHz) and that at
P2 is 352 MHz (2,293-2,645 MHz). In this case, again the
measured bandwidth of the antenna at P2 is approximately 2.5
times more than that at P1. Table 1 shows the measured and
simulated efficiencies of the antennas. The measured and the
simulated total radiation efficiencies of the antennas at P1 and
P2 on the small C-shaped ground plane are 90.15%, 78.04%,
88.65%, and 80.00%, respectively. On the larger C-shaped
ground plane, the measured and the simulated efficiencies at P1
and P2 are 76.52%, 87.97%, 68.30%, and 83.51% respectively.
The measured and the simulated results indicate a significant

Table 1. Measured and simulated total radiation efficiencies of the
antennas at P1 and P2 (unit: %)

Ground Position 1 Position 2
size Measured Simulated Measured  Simulated
Small 90.15 88.65 78.04 80.00
Large 76.52 68.30 87.97 83.51
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difference depending on the position of the antenna. This sig-
nificant advantage in bandwidth and radiation efficiency verifies
the suitability of the proposed antenna locations on the ground
planes.

Fig. 6 shows the peak gain of the small and large C-shaped
ground planes at P1 and P2. For the small ground plane, the
average peak gain is higher at P1, and for the large ground, the
average peak gain is also higher at P1. However, the radiation
efficiency of the large ground plane is higher at P2 because of
the lower directivity.

The measured radiation pattern of the small ground plane at
P1 is illustrated in Fig. 7, and the measured radiation pattern of
the large ground plane at P2 is presented in Fig. 8. The radia-
tion pattern of the antenna placed at P1 in the case of the small
ground plane and that placed at P2 in the case of large ground
plane are illustrated because they have better radiation perfor-

mance. Both antennas show omni-directional radiation patterns.
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Fig. 6. Peak gain of the small and large C-shaped ground planes at

P1 and P2.
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Fig. 7. Measured radiation pattern of the small ground plane at P1.
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Fig. 8. Measured radiation pattern of the large ground plane at P2.
IV. CONCLUSION

In this study, the optimum location for a loop-type ground
radiation antenna was proposed for C-shaped ground planes
using the characteristic mode analysis. The simulations and
measurements demonstrated that the antenna showed signifi-
cantly better performance when located at the current maximum
of the dominant mode of the ground plane. This analysis can be
applied to small IoT devices to enhance the performance of the
antenna.
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