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Abstract—In this paper, a novel triple-band antenna with 

reflector surface which has the property of both artificial 

magnetic conductor (AMC) surface and perfect electric 

conductor (PEC) for WLAN and Sub-6G 5G applications is 

proposed. The presented antenna is composed of two parts: the 

AMC surface and the microstrip-fed printed dipole. Baluns are 

used to excite the dipoles. This antenna design combines the 

advantages of AMC and PEC. In lower band and middle band, 

the inserted board works as AMC surface. This AMC surface 

can help the antenna to achieve unidirectional radiation pattern 

and low-profile characteristics. While at upper band the antenna 

works as PEC surface. PEC surface increases the gain of the 

antenna in upper band. As a result, the proposed antenna can 

offer an impedance band from 2.39 GHz to 2.63 GHz and from 

3.61 GHz to 3.72 GHz and from 5.61 GHz to 5.84 GHz when 

the S11 is less than - 10dB. Stable radiation patterns with peak 

gain of 5.6 dBi, 6.5 dBi and 9.6 dBi are obtained in lower band, 

middle band and upper band, respectively. The proposed 

antenna can be used for multiband base stations for WLAN and 

5G applications. 

 
Index Terms—Artificial Magnetic Conductor (AMC), Perfect 

Electric Conductor (PEC), triple band, WLAN, Sub-6G 5G 

applications 

I. INTRODUCTION 

With the rapid development of wireless 

communication systems such as LTE, WLAN, 4G and 

5G communication, the demand for multiple band or 

broad band antennas is growing. Printed microstrip 

antenna is a suitable candidate because of its attractive 

features such as light weight, low cost, low profile and 

easy conformability [1]. Recently, many types of 

microstrip antennas, which has different structures, such 

as V-sleeve shape [2], meander T-shaped strip [3], 

asymmetric E-shaped strip [4] and loading symmetrical 

L-strip [5], are proposed to realize multiband, 

miniaturization and wide impedance bandwidth. Among 

these studies, utilizing a thick substrate [4] and cutting 

the slots in the patch are known as the most common 

methods [6]. Meanwhile, in order to realize unidirectional 

radiation pattern with low profile, many studies have 

adopted a method of combining Artificial Magnetic 

Conductors (AMC) and antennas. It is well known that 

the image current obtained by a Perfect Magnetic 

Conductor (PMC) is in parallel and in-phase with original 

current [6]. AMC is a kind of metamaterial that emulates 

the behavior of Perfect Magnetic Conductor (PMC) [6], 
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[8]. Due to the inherent of AMC in phase reflection 

characteristics, antenna with AMC structure potentially 

improves the performance such as gain, bandwidth and 

radiation properties, and so on [9]. Previous studies 

mainly use metal reflectors as Perfect Electric Conductor 

to achieve stable unidirectional radiation patterns. 

However, usually the distance between the antenna and 

the metal reflector is about 1/4 wavelength, because the 

direct and reflected electric field are in-phase at the 

dipole [10]. Some researches in [1] have been carried out 

to design low-profile antennas using AMC surface. Some 

researchers also use mushroom-type AMC to enhance the 

performance of the low profile microstrip antennas [11]. 

This is a very common method, but it is difficult to 

integrate in microwave and millimeter-wave circuits 

because of the necessity of via. For the antenna in [12], 

[13], low-profile dual-band dual-polarized antennas with 

an AMC surface is proposed. However, the design of [12] 

is complicated and the antenna in [13] is not very 

integrated and somewhat complex and difficult to be 

fabricated. 

In this paper, a novel triple-band antenna loaded with 

the reflector surface for Sub-6GHz 5G communication 

and WLAN applications is proposed. The system can 

cover 2.4/5.8 GHz WLAN and Sub-6G 5G 

communication spectrums. Meanwhile, unlike other 

researches, this design takes the advantages of both AMC 

and PEC. At 2.4 GHz and 3.6 GHz, the FR-4 ground 

plane works as AMC surface, while at 5.8 GHz it is 

treated as PEC surface. It obtains the three measured 

operating bandwidths from 2.39 to 2.63 GHz, from 3.61 

to 3.72 GHz and from 5.61 to 5.84 GHz, respectively. 

Achieving good impedance matching of triple band and 

unidirectional radiation patterns with enhanced gains are 

the remarkable characteristics of this design. Moreover, 

the utilization of AMC and PEC features not only 

simplifies the design, but also realize unidirectional 

radiation pattern in all three bands. The simulated results 

have been obtained by using the commercial simulation 

software HFSS and the measured results have been 

obtained by using the Keysight E5063A vector network 

analyzer. 

This paper is organized as follows. Section II provides 

a comprehensive description of the geometry of AMC 

and the proposed triple band antenna. The simulated 

analysis of the AMC surface and the proposed antenna 

are described in Section III. A comparison of 
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measurement results and simulation analysis is also 

presented in this section. A conclusion is given in Section 

IV. 

II. GEOMETRY OF THE ANTENNA 

The geometry of the proposed triple band antenna is 

shown in Fig. 1(a)-(b). As demonstrated in Fig. 1(a), the 

antenna consists of only two parts: the microstrip antenna 

and a reflector that can be used both as AMC and PEC 

surface. The triple band dipole microstrip antenna which 

is mounted on the reflector surface is constructed on a 

0.5mm thick FR4 substrate with relative dielectric 

constant of 4.4 and 0.02 loss tangent, while the reflector 

surface with both AMC and PEC characteristics is printed 

on a 3mm thick FR4 substrate. There is a rectangular gap 

in the middle of the reflector for mounting the microstrip 

antenna. And the reflector contains 4×4 double ring 

structural unit cell. As shown in Fig. 1(b), two fan-shaped 

slots are printed on the top of the microstrip antenna as 

the radiation aperture. The two slots are connected by two 

strip lines which extending from the bottom rectangular 

patches. 

The two fan-shaped slots are the microstrip antenna’s 

radiation parts, this means that by changing R and θ, the 

operating bands of microstrip antenna can be 

independently adjusted. In the feeding line. An integrated 

balun is printed on the other side of the 0.5mm substrate. 

The bottom ends of the balun is connected to the feeding 

probe of SMA connectors. The parameters on the figures 

have been optimized and provided in Table Ⅰ. 

 

 
(a) 

 

 
(b) 

Fig. 1. (a) Three-dimensional view of the proposed antenna. (b) front 

side of microstrip antenna. 

TABLE I: DESIGN PARAMETERS OF THE PROPOSED ANTENNA 

Parameters M1 M2 L1 
Value(mm) 94.4 94.4 58 
Parameters W1 d R 
Value(mm) 18.2 1 27.5 
Parameters L2 L3  
Value(mm) 18 13  

III. SIMULATION AND RESULTS 

The reflector surface consists of 3 layers: 16 periodic 

repeating units on the top, FR4 dielectric layer in the 

middle and copper ground on the bottom. As mentioned 

in previous sections, in the lower and middle band, the 

reflector operates as AMC surface which is widely used 

to improve antenna radiation performance and achieve 

low profile design. Fig. 2 shows the geometry of the 

AMC unit cell. The periodic patch consists of two rings 

with radius of R1, R2 and a distance of d between two 

circuits. Fig. 3 (a)-(c) demonstrates the simulated dual 

band reflection phases of the AMC unit. 

 

 
Fig. 2. Geometry of the AMC unit cell 
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(c) 

Fig. 3. Simulated reflection phases of AMC unit. (a) Varying the size of 

H. Varying the size of R1 (c) Varying the size of R2. 

The operating bandwidth of the AMC unit can be 

obtained from the phase change from +90° to -90°. The 

resonance frequency of AMC surface corresponds to the 

0° of the reflection coefficient phase. By loading a ring-

shaped slot on the cell, two operating bandwidths can be 

generated. Moreover, the two distinct operating bands of 

AMC cell can be independently adjusted by changing the 

size and position of the main physical parameters. As we 

can see from Fig. 3 (a)-(c), both the resonance frequency 

and operating bands of AMC unit can be changed by 

various the parameters of R1, R2 and d. Fig. 3 (a) shows 

the reflection phases of varying the thickness H of the 

FR4 substrate from 1.5 mm to 4mm when all other 

dimensions remain the same. The increase in the 

thickness helps to improve the working bandwidth of the 

AMC cells and when the thickness is 3mm, the working 

frequency includes WLAN and Sub-6G 5G working 

bands. Fig. 3 (b) shows the reflection phases when inner 

circle radius R1 changes from 8.8 to 10mm. We can see 

that the increase of R1 results in the reduction of middle 

band resonant frequency from 3.9 to 3.4 GHz. However, 

when R1 is increased to 10mm, the AMC unit can only 

generate one operating band. Conversely, the increase of 

the radius of outer circle R2 results in the reduction of the 

lower band resonant frequency from 2.6 to 2.1 GHz, 

while middle band resonant frequency is almost 

unchanged. In short, both the lower band and middle 

band of the designed AMC unit can be independently 

adjusted by changing these physical parameters. The 

parameters of the patch have been optimized, R1 is 

8.8mm, R2.is 10.8mm and H is 3mm. As shown in Fig.3, 

the two operating bands of the AMC unit is 2.2-2.4GHz 

and 3.4-3.6GHz respectively. 

In order to reduce the difficulty of design, the AMC 

unit proposed in this paper is not designed to resonate in 

all three bands. As we can see from Fig. 3, there is no 

corresponding operating band and resonant frequency in 

the frequency range from 5 to 6 GHz. In another words, 

the AMC unit only have two operating bands but 5.8GHz 

operating frequency is not included. To improve antenna 

radiation properties at higher frequency band, the center of 

the dipole is placed at a distance of 1/4 wavelength from 

the reflecting surface. This design uses the metal on the 

backside of the FR4 board as a PEC reflective surface. 

Therefore, the proposed antenna utilizes the characteristics 

of AMC and PEC at the same time, so that the antenna has 

good radiation performance in all three frequency bands. 

Fig. 4. shows the reflection phase when the microstrip 

antenna is loaded on the reflector surface with a distance 

of 1/4 wavelength of 5.8GHz radio frequency. Compared 

with Fig. 3, we can see that, the operating band and 

resonance frequency are also generated in upper band 

from 4.8 to 6.8 GHz. It means that the reflector plays the 

role of PEC in upper frequency. The simulated peak gains 

at different frequency points are shown in Fig. 5. The 

gains at the operating bands can achieve nearly 5.6, 6.5 

and 9.6 dBi at the lower, middle and upper working 

frequencies, respectively. 

     

-180

-90

0

90

180

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8

R
e
fl

e
c
ti

o
n
 P

h
a
se

 (
d
e
g
)

Frequency (GHz)  
Fig. 4. Simulated reflection phases of proposed antenna 

 

-10

-5

0

5

10

2 2.5 3 3.5 4 4.5 5 5.5 6

G
ai

n(
d

B
i)

Frequency (GHz)

Gain

 
Fig. 5. Simulated gain 

To validate the proposed antenna, a practically 

fabricated triple-band antenna is fabricated and illustrated 

in Fig. 6. The simulated and measured S parameters of 

return loss and VSWR are shown in Fig. 7 and Fig. 8. The 

two results are in good agreement with the simulation 

analysis. The slight distinction observed between them are 

mainly caused by fabrication tolerance, the soldering of 

the SMA connectors and the influence of other equipment. 

From the measured return loss results, it is clear that the 

proposed antenna works at three frequency bands: 2.39-

2.63 GHz, 3.61-3.72 GHz and 5.61-5.84 GHz, with a -

10dB return loss bandwidth of 240MHz at the center 

frequency 2.51 GHz, 110MHz at the center frequency 

3.66 GHz and 230 MHz at the center frequency 5.72 GHz.  

In accordance with the measured result, we can see clearly 

that the proposed antenna can be well applied to 2.4GHz 

WLAN, LTE, Sub-6G 5G application and 5.8GHz WIFI. 
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Fig. 8(a)-(c) shows the simulated and measured VSWRs 

for the three ports. We are able to observe from VSWR 

results that the value which is less than 1.5 are ranging 

from 2.38 to 2.44GHz, 3.48 to 3.53 GHz and 5.74 to 5.86 

GHz, respectively. While in the measured results, the 

antenna can reach a corresponding bandwidth from 2.37 to 

2.43 GHz for the lower band, from 3.37 to 3.47 GHz for 

the middle band and from 5.64 to 5.76 GHz for the upper 

band. Good agreement between simulated and measured 

results is observed. We can also see that the measured 

value is slightly smaller than the simulation value. The 

little difference is mainly caused during antenna 

manufacturing and testing process.  
 

 
Fig. 6. Photograph of the fabricated prototype. 
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Fig. 7. Simulated and measured S-parameters of the proposed antenna. 
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(c) 

Fig. 8. Simulated and measured VSWRs versus frequency 
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Fig. 9. Measured and simulated radiation patterns for proposed antenna at 

(a) 2.4, (b) 3.5, and (c) 5.8 GHz 
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The measured and simulated radiation patterns of the 

proposed antenna at the several typical operation 

frequencies are also investigated. Fig. 9(a) plots the 

measured and simulated radiation patterns at 2.4 GHz; the 

results at 3.5 GHz are shown in Fig. 9(b); the radiation 

patterns at 5.8 GHz are illustrated in Fig. 9(c). From these 

three diagrams it can be observed that the main beams are 

always in the broadside direction. Compared with the 

simulation results, it is very clear that the measured 

results match well at the frequency of 3.5GHz. At 2.4 

GHz, the radiation of the main lobe match well, while 

unwanted lobe appears on the backside. But this still 

meets the design requirements. At high frequency of 

5.8GHz, the measured results are even better than the 

simulated results because the front-to-back ratio is higher. 

It means that for the proposed antenna the reflection 

performance than expected. Above all, the radiation 

pattern can satisfy the design requirement of wireless 

communication from these measured results. 

IV. CONCLUSION 

A new triple band antenna loaded with reflector 

surface which has the property of both artificial magnetic 

conductor (AMC) surface and perfect electric conductor 

(PEC) for WLAN and Sub-6G 5G applications is 

presented. The proposed antenna can meet the 

requirement of three bands for WLAN and 5G 

commercial applications. The operating band can cover 

lower band from 2.39 to 2.63 GHz, middle band from 

3.61 to 3.72 GHz and from 5.61 to 5.84 GHz, 

respectively. Moreover, the proposed antenna has the 

advantages of low cost, easy to make and good 

unidirectional radiation. The simulated and experimental 

results show that the proposed triple band antenna is a 

better candidate for WLAN and 5G commercial 

communication system such as IoT and Intelligent Drive. 
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