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요  약 

본 논문에서는 28 GHz와 38 GHz의5G 단말용 안테나 타입별 반사손실, 방사패턴 등의 성능을 고려하여 단일안테

나를 설계하고, 안테나 소자를 반 파장 간격으로 배열하여 5G 단말용 배열안테나를 설계하였고 성능을 분석하였다. 
밀리미터파 대역 통신에서는 기존의 마이크로파 대역에서와는 달리 송수신 간의 높은 경로손실이 발생한다. 5G 밀
리미터파 단말용 배열안테나 설계에서는 안테나의 이득, 대역폭뿐만 아니라, 안테나 소자 간 격리도, side-lobe 
level(SLL) 등의 안테나 성능이 추가적으로 고려되어야 한다. 28GHz와 39GHz에서 제안하는 안테나 이득이 각각 약 

13.5dBi 와 11.3dBi, 반사손실도 -18.4 dB과 -20 dB 이하의 측정 결과로부터 설계의 타당함을 입증하였고, 밀리미터

파 대역 응용으로서도 적합함을 보였다.

ABSTRACT

In this study, we designed a single antenna taking into account the performance, such as return loss and radiation 
pattern, of 28 GHz and 38 GHz array antennas for 5G mobile devices. In millimeter wave band communication, high path 
loss occurs between transmission and reception, unlike in conventional microwave bands. In the design of array antennas 
for 5G millimeter wave terminals, antenna performance such as antenna gain, bandwidth, isolation between antenna 
elements, side-lobe level(SLL), etc. should be further considered. The performance of the designed array antennas was 
analyzed by spacing the antenna elements at half a wavelength. Our results proved the validity of the design and its 
suitability for applications in mm-Wave by showing that the 28 GHz and 39 GHz array antennas had antenna gains of 
13.5 dBi and 11.3 dBi and return losses below -18.4 dB and -20 dB, correspondingly.
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Ⅰ. Introduction

The fifth generation (5G) mobile communication 
technology uses ultra-wideband not only to enable a fast 
data transfer rate, but also to have a high reliability for an 
ultra-low latency communication and massive machine- 
type communications. 5G technology aims at a technological 
evolution that is different from the existing 4G mobile 
communication technology. Unlike existing microwave 
or sub-6 GHz bands, 28 GHz and 39 GHz bands, which 
are anticipated to be the most widely used in the world, 
are prone to path loss during data transmission. In order 
to compensate for this loss, a high gain array antenna for 
the 5G mm-Wave band is used instead of the omnidirectional 
antenna used in 4G communications [1-3].

5G mobile communication, the next generation LTE- 
advanced technology, has a maximum transfer rate of 1 
Gbps, which is 20 times faster than that of 4G mobile 
communication. While 4G uses a low frequency, below 
2 GHz, 5G uses a high frequency of 28 GHz. The 
method of adding an antenna to a beamforming network 
has been used in a wide range of applications such as 
phased array, Rotman lens, and butler matrix [4-10]. 

Unlike the existing microwave band, the mm-Wave 
band communication is prone to high path loss during 
data transmission. In order to compensate for the loss, a 
high-gain array antenna of the 5G mm-Wave band is 
used instead of the omnidirectional antenna used in 4G 
communications.

When designing a 5G mm-Wave array antenna, in 
addition to antenna gain and bandwidth, properties such 
as the isolation between antenna elements and the 
side-lobe level must be considered. One of the most 
challenging tasks in such a design is securing a wide 
communication coverage. There are many researches 
focused on designing a 5G array antenna both in Korea 
and abroad [11].

In this study, we designed a single antenna taking into 
account the performance of 28 GHz and 38 GHz array 
antennas for 5G mobile devices such as return loss 
radiation pattern by type and analyzed their performance 

by spacing the antenna elements at half a wavelength.

Ⅱ. ANTENNA DESIGN

Looking at the previous research on the 28 GHz band 
antenna, for the uplink/downlink communication between 
the base station and the mobile terminal, a 2×2 patch 
array antenna and 3D beam coverage that implement 
horizontal/vertical dual linear polarization through dual 
feeding to the patch antenna are provided. It is a 
combination of 1×2 and 2×1 dipole array antennas [12]. 
Since the propagation path loss in free space is inversely 
proportional to the square of the wavelength, the 
propagation path loss in the mmWave band is larger than 
that of the existing cellular band. In order to overcome 
the high propagation path loss in the mmWave band and 
use it for mobile communication applications, antenna 
array technology and beamforming technology that 
collect energy in an optimal path between transmitting 
and receiving terminals are essential. However, in the 
millimeter wave environment, when the polarizations of 
the transmitting and receiving terminals do not match, a 
problem that the received signal strength is reduced by 
about 5 to 10 dB may occur. In addition, in the case of using 
the millimeter wave band in an indoor communication 
environment, using circular polarization rather than 
linear polarization is more effective in reducing delay 
spread due to multipath propagation [13]. Therefore, as a 
solution to this problem, a millimeter wave band antenna 
using a circularly polarized antenna has been proposed 
[14]. As such, research on antenna design for 5G 
terminals has been actively conducted at home and 
abroad, but research on array antennas considering both 
linear and circular polarization is incomplete.

2.1. 28 GHz and 38 GHz 5G single antenna design

In order to develop a patch type antenna applicable to 
the 28 GHz mm-Wave 5G mobile communication system, 
we used RO4350B, which is a hydrocarbon ceramic 
laminate from Rogers, and RT/duriod 588, which is a 
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glass microfiber reinforced PTFE laminate widely used 
for processing PCBs in the mm-Wave band. 

In the design of the 28 GHz microstrip patch antenna, 
we selected a substrate with a low thickness that is 
mainly used for the mm-Wave band and a line width of 
50 ohm lines for the patch array antenna design. 
Thereafter, we performed line calibration for the 
transformer impedance. Fig.1 shows a basic single 
antenna structure for a 28 GHz 5G array antenna with 50 
ohm lines whose width and length are 0.54 mm and 1.57 
mm, respectively, and a transformer whose length and 
line width are 1.53 mm and 0.93 mm, respectively

Fig. 1 28 GHz mm-Wave Single patch antenna design

Based on the structures proposed in recently published 
designs for 5G array antenna, a dipole antenna was 
designed with its substrate having feed lines, one pole on 
the top surface and ground, and the other pole on the 
bottom surface [15]. It was designed to have patches on 
the top surface and ground on the bottom surface as in 
commonly used inset feed microstrip patch antennas.

Fig. 2 shows a basic single antenna structure for a 39 
GHz 5G array antenna with 50 ohm lines whose width 
and length are 0.55 mm and 1.12 mm, respectively, and a 
transformer whose length and line width are 1.09 mm 
and 1.09 mm, respectively. 

Fig. 2 39 GHz mm-Wave single patch antenna design

Fig. 3 shows the far field radiation pattern of the 
mm-Wave 28 GHz single antenna. The antenna gain was 

approximately 6.199 dBi. The return loss was below 
-15.3 dB at the target frequency of 28 GHz.

Fig. 3 28 GHz mm-Wave single patch antenna design 
results

Fig. 4 shows the far field radiation pattern of the 
mm-Wave 39 GHz single antenna. The antenna gain was 
approximately 7.797 dBi. The return loss was below 
-20.9 dB at the target frequency of 39 GHz.
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Fig. 4 39 GHz mm-Wave Single patch antenna design 
results

2.2. 28 GHz and 38 GHz 5G array antenna designs

Fig. 5 and 6 show the mm-Wave 5G array antennas 
with four antennas designed into the single antenna 
design stage and arranged at the intervals of 0.5 λ. Each 
structure, substrate, and variables are the same as those 
of the single antenna shown in Fig. 1 and 2. The size of 

the substrate was 25 mm × 25 mm × 0.05 mm based on 
the size of the mm-Wave 5G mobile device. The array 
antenna was placed on top of the substrate.

Fig. 5 28 GHz mm-Wave 8 array antenna design

As for the patch antenna, the top edge of its substrate 
was designed to fold 90° in +z direction for maximum 
radiation [16].

Fig. 6 39 GHz mm-Wave 8 array antenna design

To test the performance of the array antenna, we made 
a prototype that includes a feed line

Ⅲ. EXPERIMENTAL RESULTS

Tables 1 and 2 show the results of design and 
performance analyses of the mm-Wave 28 GHz and 39 
GHz array antennas.

For the 28 GHz array antenna, the antenna gain was 
13.5 dBi, the return loss was below -18.4 dB, and the 
return loss bandwidth was 1 GHz, which are similar to 
the simulation values.

Table. 1 28 GHz mm-Wave 2 x 4 patch antenna designs 
and performance results

Performance Measures Design Observed

Center Frequency 28 GHz 27.2-28.2 GHz

Frequency Bandwidth 
(VSWR<2) 1 GHz 1 GHz

Return Loss -17.9 dB -18.4 dB
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Fig. 7 show the maximum gain at φ=0° and θ=90° 
when looking at the measurement results, 13.5 dBi.

Fig. 7 2x4 patch antenna E/H-plane 2D measurement 
results @28GHz

For the 39 GHz array antenna, the antenna gain was 
11.3 dBi, the return loss was below -20 dB, and the 
return loss bandwidth was 1 GHz, which are similar to 
the simulation values.

Table. 2 39 GHz mm-Wave 2 x 4 patch antenna designs 
and performance results

Fig. 8 show the maximum gain at φ=0° and θ=90° 
when looking at the measurement results, 11.3 dBi.

Fig. 8 2X4 patch anenna E/H-plane 2D measurement 
results @39GHz

Ⅳ. CONCLUSION

In this paper, we designed an array antenna that 
operates in the 28 GHz and 39 GHz bands for 5G mobile 
communication to enable data transfer in GB and tested 
its validity by building a prototype and measuring its 
radiation patterns. 

Our results prove the validity of the design and its 
suitability for application in the mm-Wave band. The 28 
GHz and 39 GHz array antennas had the antenna gains 
of 13.5 dBi and 11.3 dBi and return losses below -18.4 
dB and -20 dB, correspondingly. Due to its excellent 

Performance Measures Design Observed

VSWR 1.29 1.25

Radiation Gain 15.01 dBi 13.5 dBi

Patch Element Size
(X × Y × Z) 

3.44 × 2.55 × 
7.49 mm3

3.44 × 2.55 × 
7.49 mm3

Antenna Size 29 × 14 mm2 29 × 14 mm2

Performance Measures Design Observed

Center Frequency 39 GHz 38.4-39.4 GHz

Frequency Bandwidth 
(RL = -12 dB) 1 GHz 1 GHz

Return Loss -13.3 dB -20 dB

VSWR 1.54 1.1

Performance Measures Design Observed

Radiation Gain 13.5 dBi 11.3 dBi

Patch Element Size
(X × Y × Z) 

2.47 × 1.76 × 
5.38 mm3

2.47 × 1.76× 
5.38 mm3

Back side Size 21 × 10 × 
0.254 mm3

21 × 10 × 
0.254 mm3
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properties, we expect it to be used in a wide range of 
mm-Wave wireless communication applications.
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