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요  약

본 논문에서는 반사판을 갖는 새로운 모노폴 안테나를 제안 하였다. 제안한 안테나는 TRF-45 기판으로 제작하였

으며, 제작한 안테나와 결합한 반사판도 FR-4 기판으로 제작하였다. 안테나 후면에 위치한 반사판으로 인해 후면에 

반사되는 전류가 억제되는 것을 확인하였다. 제안한 모노폴 안테나의 대역폭은 2.65 ㎓이며, 반사판이 없는 모노폴 

안테나의 대역폭은 2.88 ㎓이다. 또한, 반사판이 없는 안테나는 E-평면에서 양방향 방사 패턴이 관찰되었으며, H-평
면에서는 무지향성의 방사패턴이 관찰되었다. 그러나 반사판을 갖는 안테나의 경우 후방 방사를 억제하며, E-평면

과 H-평면에서 지향성 방사를 제공한다. 

ABSTRACT

In this paper, we present the analysis of a novel monopole antenna with a reflector. The proposed monopole antenna 
is printed on a TRF-45 substrate, and the reflector, which is positioned near the base of the antenna, is printed on the 
FR-4 substrate. Positioning the reflector near the base of the antenna was found to suppress current radiation toward the 
back of the monopole antenna. Comparative analysis of the proposed monopole antenna and a conventional monopole 
antenna without a reflector revealed that the bandwidths of the antenna with and without a reflector were 2.65 GHz and 
2.88 GHz, respectively. Additionally, the antenna without a reflector was observed to have a bi-directional radiation 
pattern in the E-plane, and an omni-directional radiation pattern in the H-plane. However, only the antenna with a 
reflector was found to suppress back radiation, and provide non-uniform directional radiation in the E-plane and H-plane. 
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Ⅰ. Abstract

The ultra wideband (UWB) permissive change policy 
specified by the US Federal Communications Commission 
(FCC) states a maximum noise intensity of -41.3 
dBm/MHz, and a UWB bandwidth of more than 20% of 
the fractional bandwidth in a frequency band of 3.1 to 
10.6 GHz [1][2].

However, UWB systems typically require an 
approximate bandwidth of 2–3GHz depending on the 
commercial application. The UWB system produced by 
XETHRU Co. has 6.0–8.5 GHz and 7.25–10.2 GHz 
bandwidths in the low- and high-frequency bands, 
respectively [3]. Alternatively, TIME DOMAIN Co. and 
UMAIN Co. produce UWB systems with approximate 
bandwidths of 3.1–5.3 GHz and 3.78–4.8 GHz, 
respectively [4][5]. 

Conventional UWB systems have been implemented 
in various antennas, such as the patch antenna [6], 
monopole antenna [7][8], tapered-slot antenna [9][10], 
and Yagi-type antenna [11][12]. 

Two antennas were designed and developed in this 
study with different types of communication. The first 
type is a conventional monopole antenna with a wide 
bandwidth and omni-directional pattern. The second 
type is a conventional antenna with a wide bandwidth; 
however, it also has a reflector positioned near the base, 
thereby changing the directional pattern from 
omni-directional to non-uniform directional. Therefore, 
including a reflector extends the applicability of the 
communication system, as the proposed antenna offers a 
wide bandwidth, high gain, and omni-directional and 
non-uniform directional radiation patterns [13]. 

This paper is organized as follows. Chapter 2 
describes the design of the proposed antenna and the 
simulation conditions. Chapter 3 discusses the fabrication, 
measurement, and analysis of the proposed antenna, and 
Chapter 4 discusses the conclusions of this study. 

Ⅱ. Antenna Design

The geometric structures of the proposed antennas are 
shown in Fig. 1. The antenna was fabricated on a 
TRF-45 substrate with a relative permittivity of 4.5 and 
loss tangent of 0.0035, whereas the reflector positioned 
at the base of the antenna (Fig. 1(b)) was fabricated on 
an FR4 substrate with a relative permittivity of 4.5, loss 
tangent of 0.02, and thickness of 0.8 mm. The design 
parameters of the proposed antenna are as follows: Lp = 
19.5, Wp = 20, L1 = 1.5, W1 = 5, L2 = 0.7, W2 = 4, Lm = 
11.3, Wm = 2.6, Ls = 43, Ws = 40, h = 1.62, and d = 20 
(unit: mm).

(a) Structure of antenna without reflector

(b) Structure of antenna with reflector
Fig. 1 Geometric structure of the proposed antenna

The proposed antenna includes a 50 Ω microstrip line 
in the rectangular patch antenna. L1, L2, W1, and W2 
(Fig. 1) were designed in consideration of the 50 Ω
microstrip line in order to ensure that a wide bandwidth 
could be achieved. As can be seen in Fig. 1(b), a 
reflector was positioned near the base of the antenna to 
suppress current radiation toward the back of the 
monopole antenna. A photograph of the fabricated 
antenna is shown in Fig. 2.
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Fig. 2 Photograph of the fabricated antenna

Ⅲ. Simulated results and discussion

The simulated current distribution across the yz-plane 
of each antenna design is shown in Fig. 3.

(a) without a reflector

(b) with a reflector
Fig. 3 Simulated current distribution across the surface 
of the antenna

Fig. 3(a) shows that, in the absence of a reflector the 
current radiates in the positive and negative z-axis 
directions. Conversely, as is shown in Fig. 3(b), adding a 

reflector suppressed the current in the negative z-axis 
direction, concentrating the current in the positive z-axis 
direction.

Prior to experimental testing, the impedance bandwidths 
of the proposed antennas were analyzed by simulating 
the voltage standing-wave ratio (VSWR); the results are 
presented in Fig. 4.

Fig. 4 Simulated impedance bandwidth results for the 
proposed antenna

Fig. 5 Simulated radiation pattern for the proposed antenna 
in the yz-plane

As is shown in Fig. 4, the antenna without a reflector 
satisfies the condition VSWR≤2 at frequencies between 
2.62 and 4.83 GHz (i.e., 2.21 GHz bandwidth). In the 
case of the antenna with a reflector, the condition VSWR
≤2 is satisfied at frequencies between 2.83 and 5.37 
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GHz (i.e., 2.54 GHz bandwidth).
The simulated radiation pattern across the yz-plane of 

the proposed antenna is shown in Fig. 5.
As can be seen in Fig. 5, positioning the reflector near 

the base of the antenna reduces the gain on both faces to 
below 0 dB, and yields a non-uniform directional 
pattern.

The simulated three-dimensional (3D) radiation 
patterns for the proposed antennas are shown in Figs. 6 
and 7.

(a) 3 ㎓

(b) 4 ㎓

(a) 5 ㎓
Fig. 6 3D-simulation current results for the proposed 
antenna without a reflector

(a) 3GHz

(b) 4GHz

(c) 5GHz
Fig. 7 3D-simulation current results for the proposed 
antenna with a reflector

As is shown in Fig. 6, the antenna without a reflector 
yielded a donut-shaped radiation pattern, which is 
typical for a UWB monopole antenna. However, Fig. 7 
shows that adding a reflector suppressed current radiation 
toward the base of the antenna, and that current is 
primarily radiated along the z axis. This indicates that 
the proposed antenna with a reflector has a directivity 
pattern.

The simulated radiation patterns for the proposed 
antennas were analysed in the E-plane (x-z), and H-plane 
(y-z), as is shown in Fig. 8.
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As is shown in Fig. 8(a), the radiation patterns for the 
antenna without a reflector were bi-directional in the 
E-plane and omni-directional in the H-plane. Additionally, 
the simulated gains were 1.88 dBi, 2.94 dBi, and 3.11 
dBi in the 3 GHz, 4 GHz, and 5 GHz bands, respectively.

Ⅳ. Experimental results and discussion

The actual impedance bandwidths of the proposed 
antennas were analysed by measuring the VSWR, as is 
shown in Fig. 9

Fig. 9 Impedance bandwidth measurement results for 
the proposed antenna

(a) without a reflector (b) with a reflector
Fig. 8 Simulated radiation pattern results for the proposed antenna
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As is shown in Fig. 9, the antenna without a reflector 
satisfies the condition VSWR≤2 at frequencies between 
2.98 and 5.63 GHz (i.e., 2.65 GHz bandwidth). 
Alternatively, the antenna with a reflector satisfies the 
condition VSWR≤2 at frequencies between 2.77 and 
5.65 GHz (i.e., 2.88 GHz bandwidth).

The radiation patterns for the fabricated antenna were 
also measured by using a far-field analysis system 
installed in an anechoic chamber room of Korea METI 
Co. (Fig. 10).

The measured radiation patterns for the proposed 
antennas were analysed in the E-plane (x-z), and H-plane 
(y-z), as is shown in Fig. 11.

Fig. 10 Photograph of measurement setup for the 
proposed antenna

(a) without a reflector (b) with a reflector
Fig. 11 Measured radiation pattern results for the proposed antenna
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The simulated (Fig. 8(a)) and measured (Fig. 11(a)) 
radiation pattern results for the antenna without a 
reflector were observed to be similar, and the measured 
antenna gains were 0.94 dBi, 2.06 dBi, and 2.25 dBi in 
the 3 GHz, 4 GHz, and 5 GHz bands, respectively. 
Furthermore, Fig. 11(b) shows that the measured 
radiation patterns for the antenna with a reflector are 
similar to the corresponding simulated results; additionally, 
the measured antenna gains for the antenna with a 
reflector were 1.75 dBi, 3.19 dBi, and 4.31 dBi in the 3 
GHz, 4 GHz, and 5 GHz bands, respectively.

Ⅴ. Conclusion

Positioning a reflector near the base of a monopole 
antenna was found to change the radiation pattern from 
omni-directional to non-uniform directional. Moreover, 
simulated current distribution analysis revealed that the 
antenna fabricated without a reflector radiated current in 
the positive and negative z-axis directions, whereas the 
current in the negative z-axis direction was suppressed 
when the antenna included the reflector. This means that 
the antenna with a reflector is able to concentrate current 
in the positive z direction.

In addition, the impedance bandwidth results for the 
antenna fabricated without and with a reflector were 
found to satisfy the condition VSWR≤2 in the 2.98 to 
5.63 GHz and 2.77 to 5.65 GHz frequency bands, 
respectively. Furthermore, radiation pattern analysis for 
the antenna without a reflector revealed a bi-directional 
radiation pattern in the E-plane and omni-directional 
radiation pattern in the H-plane. Finally, the antenna 
fabricated with a reflector was found to suppress back 
radiation, demonstrating non-uniform directional radiation 
in the E-plane and H-plane.
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