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Abstract 

 

A new Artificial Magnetic Conductor (AMC) structure called zigzag dipole is discussed. Based on the 
0.92GHz straight dipole AMC, the zigzag dipole AMC operating at 0.92GHz, 2.45GHz and 5.8GHz are 

carried out using TLC-32 and RF-35 boards. This AMC structure is designed based on the 

characterization of a unit cell using a transient solver of Computer Simulation Technology (CST) 
software. The simulated results such as the reflection phase, reflection magnitude, surface impedance, 

bandgap and electric field for each single-band AMC are presented in this paper. From the results gained 
it shows that, the bandwidth of the AMC will increase when the frequency is increased. It is also proved 

that these AMC are not providing the bandgap at their resonance. The zigzag dipole AMC is carried out 

to minimize the AMC size and to be suitable for UHF RFID applications. 
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1.0  INTRODUCTION 

 

Generally, AMC is realized within a limited frequency range. 

The AMC is characterized when its reflection phase and 

magnitude is 0 and +1 at resonance. It has in-phase reflected 

waves with the incident waves oppose to the perfect electric 

conductor (PEC). The PEC has a reflectivity of -1 and has 

electromagnetic waves out of phase with the incident waves. It 

is a high impedance surface (HIS) structure which has zero 

tangential magnetic fields, a lossless and can approximate as an 

open circuit due to the very high surface impedance it has at 

resonance. The AMC also known as Perfect Magnetic 

Conductor (PMC) and it is categorized as metamaterial structure 

that exhibit novel electromagnetic properties not exist in nature 

[1-4].  

  It is called as “artificial” magnetic conductor because it is 

“artificial engineered material” with a magnetic conductor 

surface at certain frequency range. In other words, the AMC is a 

subclass of metamaterials or a type of electromagnetic bandgap 

(EBG) [5-6]. Furthermore, the AMC is understood as a 

prominent candidate for a ground plane of low-profile antennas. 

This is because, to ensure that the dipole antenna to work 

properly at its resonant frequency, the antenna must be placed at 

a quarter-wavelength above the metallic ground plane, making 

the antenna bulky at low frequencies. So, a thin, low profile 

antenna using a high impedance ground plane (GP) was 

presented in [7-9]. As the metallic plate, the AMC also can be 

used as a ground plane to redirect the back radiation and provide 

shielding to the antennas.  

Generally, a meandered or folded dipole film tag antenna has 

been popular for Radio Frequency Identification (RFID) tag 

antenna structure. When the antenna is attached to a metallic 

object, the dipole tag antenna cannot be powered up by the field 

strength emitted by the reader since the metallic object reflects 

RF wave. The impedance of the tag antenna, resonant frequency 

of the antenna and radiation efficiency will be changed due to 

the parasitic capacitance between the tag antenna and the 

metallic object [10, 11]. To minimize effects of the parasitic 

capacitor between the dipole antenna and metallic object and the 

effect of the reflection of the RF wave by metallic object, a gap 

between tag antenna and the metallic object is placed and 

dielectric material between them is added [12].  But in [13], they 

stated that the tag performance mainly due to various kinds of 

platform materials can be prevented and the antenna gain also 

can be increased when AMC is used as a ground plane to the 

low-profile antenna. The AMC structure was studied in [14] to 

make a low-profile passive RFID tag whose performance is 

tolerant to metallic objects. 

 

 

2.0  SIMULATION SET-UP 

 

The reflection phase diagram is well known graph plotted for 

the AMC structures and it is usually simulated using a time-

domain solver. The reflection phase diagram is obtained by 
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simulating a lattice or a unit cell of the AMC structure with 

periodic boundary conditions at the side walls as depicted in 

Figure 1(a). A probe to record the signals in magnitude and 

phase at a distance of half-wavelength is positioned in front of 

the AMC structure. The reflected signal is then accumulated and 

computed by a separate program applied in the Visual Basic for 

Applications (VBA) macro where the actual AMC structure, 

PEC structure and vacuum structure are simulated accordingly. 

The detail simulation set-up for designing HIS can be found in 

[15, 16]. The reflection magnitude and the surface impedance of 

the designed AMC are then obtained by simulating a unit cell 

with electric and magnetic boundary condition at the vertical 

and horizontal walls as depicted in Figure 1(b).  

 

 

 
(a) 

 
(b) 

 

Figure 1  The simulation set-up to obtain the: (a) reflection phase diagram and (b) reflection magnitude and surface impedance of the 

AMC structure 

 

 

3.0  INITIAL DESIGN 

 

Based on [17], a design of straight dipole AMC operating at 

0.92GHz is presented here as an initial design for zigzag dipole 

AMC. As shown in Figure 2 (a), the unit cell of the straight 

dipole AMC has a dimension of 90.5mm x 16mm. The 

conductor line with width of 2mm is printed on the dielectric 

substrate having a permittivity of 3.2 and thickness of 6.35mm. 

It is backed by a metal plane of 0.035mm thickness. The length l 

of the conductor on top of the substrate is given approximately 

as: 

 

r

l




2

0  or g/2    (1) 

 

where 0 and g is the  free-space and guided wavelength at 

0.92GHz. 

  The simulated reflection phase of the straight dipole AMC 

is plotted in Figure 2(b). The reflection phase of the AMC 

structure varies from -180 to +180 related to the frequency 

and 0 degree at the resonant frequency. Referring to Figures 3(a) 

and 3(b), the designed AMC has a reflection coefficient of 0.93 

which corresponds to -0.61dB and has very high impedance at 

0.92GHz.  
 
 

4.0  ZIGZAG DIPOLE AMC DESIGN 

 

In this section, the design of single-band zigzag dipole AMCs 

are presented. The simulated results such as the reflection phase, 

reflection magnitude, surface impedance, bandgap and electric 

field for each AMC are investigated. 
 

4.1  0.92GHz Zigzag Dipole AMC-HIS 

 
The unit cell size reduction of the straight dipole AMC (90.5mm 

x 16mm) is then realized by the configuration proposed in 

Figure 4(a) namely the zigzag dipole AMC (74.5mm x 16mm). 

When 0.92GHz straight dipole AMC is compared to the 

0.92GHz zigzag dipole AMC, there is an 18% size reduction of 

the unit cell with the zigzag dipole configuration. More than 

that, the zigzag dipole configuration produces an AMC size 
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reduction four times smaller than the square-patch AMC presented in [18]. 

 

Frequency (GHz)

0.6 0.8 1.0 1.2

R
ef

le
ct

io
n

 p
h

as
e 

(d
eg

re
e)

-200

-150

-100

-50

0

50

100

150

200

 
(a) (b) 

Figure 2  A straight dipole AMC-HIS design at 0.92GHz: (a) unit cell and (b) reflection phase 
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(a) (b) 

Figure 3  0.92GHz straight dipole AMC-HIS: (a) reflection magnitude and (b) surface impedance 
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(a) (b) 

Figure 4  The zigzag dipole AMC-HIS design at 0.92GHz: (a) unit cell and (b) reflection phase 
 

 

  From the phase reflection diagram plotted in Figure 4(b), 

the computed AMC bandwidth of the zigzag dipole is 7.65%. 

The expression of the AMC bandwidth is stated in equation (2) 

where fu is the upper frequency when the reflection phase equals 

-90, fL is the lower frequency when the reflection phase equals 

+90 and fr is the resonant frequency when the reflection phase 

equals 0. At this AMC region, no destructive interference 

occurs.  

 

(2) 

 

 

The simulated reflection magnitude and surface impedance of 

the zigzag dipole AMC are plotted in Figures 5(a) and 5(b) 

respectively. As shown in Figures 5(a) and 5(b), the AMC 
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structure has a reflection coefficient of 0.93 or -0.61dB with very high impedance around the operating frequency.  
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(a) (b) 

Figure 5  0.92GHz zigzag dipole AMC-HIS: (a) reflection magnitude and (b) surface impedance 

 
  As shown in Figure 6, a transmission line method is used to 

study the bandgap of the zigzag dipole AMC structure. Figure 

7(a) shows the S parameter graph for the grounded zigzag 

dipole Frequency Selective Surface (FSS). It shows that, there 

are no bandgap appear at the specific frequency range. The 

electric field at the resonant frequency of 0.92GHz is illustrated 

in Figure 7(b). As can be seen in this figure, it illustrates that the 

current is flowing from port 1 to the port 2. 
 

 
 

Figure 6  A transmission line method is used to study the bandgap of the AMC-HIS 
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(a) (b) 

Figure 7  0.92GHz zigzag dipole AMC: (a) bandgap and (b) electric field 
 

 

4.2  2.45GHz Zigzag Dipole AMC-HIS 

 

A 2.45GHz zigzag dipole AMC-HIS is designed on the same 

Taconic substrate used for 0.92GHz zigzag dipole AMC-HIS. 

The substrate size of the unit cell of this AMC is 29.5mm x 

7.5mm. The zigzag dipole configuration has a length of 24.7mm 

and width of 4.5mm. From the simulated results, the obtained 

AMC bandwidth is 2.16GHz to 2.77GHz (25%). The AMC 

bandwidth of the 2.45GHz zigzag dipole AMC has about three 

times higher than the 0.92GHz zigzag dipole AMC. Thus, it can 

be concluded that, the bandwidth of the AMC will increase 

when the frequency is increased. 
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(a) (b) 

Figure 8  The zigzag dipole AMC-HIS design at 2.45GHz: (a) unit cell and (b) reflection phase 
 

 

Referring to Figure 9(a), the simulated reflection magnitude of 

0.98 or -0.16dB is recorded at the operating frequency. So, it 

reveals that the structure is an efficient reflector at 2.45GHz. 

Same as before, there are no bandgap seen at the desire 

operating frequency (see Figure 10(a)). Thus, the current can 

flow from port 1 to port 2. The bandgap is not appeared at 

around the AMC frequency because no vias are applied in the 

structure and the gap between the unit cells is large (more than 

3mm). 
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(a) (b) 

Figure 9  2.45GHz zigzag dipole AMC-HIS: (a) reflection magnitude and (b) surface impedance 
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(a) (b) 

Figure 10  2.45GHz zigzag dipole AMC: (a) bandgap and (b) electric field 

 

 

4.3  5.8GHz Zigzag Dipole AMC-HIS 

 

In this case, a 5.8GHz zigzag dipole AMC-HIS is designed 

using the different Taconic substrate; RF-35 which has a 

permittivity and thickness of 3.54 and 1.524mm respectively. 

The thinner substrate is chosen to get a low profile AMC and 

make it suitable at high frequencies. From the simulated of a 

unit cell studied in Figure 11(a), the obtained reflection phase is 

plotted in Figure 11(b). This AMC is operating at the frequency 

range of 5.64GHz – 6.01GHz. 
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Figure 11  The zigzag dipole AMC-HIS design at 5.8GHz: (a) unit cell and (b) reflection phase 

 

 

  By simulating a unit cell of the AMC with the electric and 

magnetic boundary condition at the vertical and horizontal 

walls, the reflection magnitude and surface impedance of the 

structure are carried out. A 0.97 or -0.29dB reflection magnitude 

is recorded at 5.8GHz.  From the surface impedance graph 

plotted in Figure 12(b), the impedance magnitude of 7057 is 

obtained. Hence, from these studied, it proved that the reflection 

coefficient magnitude and impedance of the structure ideally 

can achieves +1 and infinity. 
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Figure 12 5.8GHz zigzag dipole AMC-HIS: (a) reflection magnitude and (b) surface impedance 

 

 

  From the transmission line method used to measure the 

bandgap of the designed AMC, the obtained S parameters are 

plotted in Figure 13(a). Due to the same reason as before, it is 

clearly shows that there are no bandgap appeared at the 

operating frequency and so that the current is allowed to flow 

from one port to another port. 

 

Frequency (GHz)
0 2 4 6

S
 P

ar
am

et
er

 (
in

 d
B

)

-70

-60

-50

-40

-30

-20

-10

0

S11

S21

S12

S22

 
(a) (b) 

Figure 13 5.8GHz zigzag dipole AMC: (a) bandgap and (b) electric field 

 

 

5.0  CONCLUSION AN FUTURE WORKS 

 

New structure for the single-band AMC operating at 0.92GHz, 

2.45GHz and 5.8GHz are proposed based on the straight dipole 

AMC called zigzag dipole AMC. The 0.92GHz and 2.45GHz 

zigzag dipole AMCs are designed using the same substrate 

which is using the TLC-32. From the reported results it shows 

that, the bandwidth of the AMC will increase when the 

frequency is increased. They are also proved that these AMCs 

are not providing the bandgap at resonance because no vias are 
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applied in the structure. The presented AMCs are simple and 

much less complex because no vias are applied, easy to fabricate 

and low fabrication cost. The designed AMCs are then will be 

used as a ground plane for the printed dipole antenna, and their 

performance will be investigated. The unique property of the 

AMC which has in-phase reflection with incident waves will 

enhance the radiation properties of the dipole antenna mounted 

on a metallic surface 
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