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Abstract

This communication reported the patch antenna working at Wi-Fi and 5G bands. To acquire compactness the side lengths of the patch 

are taken based on upper-frequency band (3.3 GHz). Dual-band operation (lower resonating band) is realized by loading the Mushroom 

Unit Cell (MUC) along the bottom right corner of the patch. To obtain Circular Polarization (CP) at the 5G band the conventional patch 

is modified with fractal boundary. This blend of the Double Negative Transmission Lines metamaterials (DNG TL), as well as fractal 

concepts yielded good compactness suitable for ultra-thin portable gadgets. Measured results have good correlation with simulated 

data from HFSS. The obtained bandwidths at the lower and upper bands are 2.51 % and 6.23 % when the Poly fractal curves are 

introduced. CP bandwidth of the proposed antenna at 5G band obtained from the measured data is 2.35 % which is the highest to the 

best of authors' knowledge for this type of thin antennas.
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1 Introduction
Artificial materials like Metamaterials are best alterna-
tive for designing thin and compact antennas because of 
their special electromagnetic properties [1]. These mate-
rials will support backward wave propagation, due to 
which left-handed bands (zeroth order or negative order 
modes) are produced. Metamaterials or left-handed mate-
rials are categorized into ENG materials, MNG materials 
and DNG materials. Metamaterials are constructed using 
VIAs, Split Ring Resonators (SRRs). The pioneers in this 
area analyzed the Metamaterials based on transmission 
line theory [2]. Wideband antenna with a single layer (sin-
gle substrate) based on MUC is proposed in [3]. Dual band 
and multiband antennas with single layer are presented 
in [4–7]. Dual band antennas based on the multilayer are 
listed in [8–14]. All these antennas are suffering from the 
size and resonating frequency ratio ie. Lower resonating 
frequency occurs at the cost of the large volume of the 
patch. But the proposed antenna is able to produce a lower 
resonating band for lower dimensions of the patch.

In this work, patch antenna operating at Wi-Fi and 
5G bands is attempted. CP at patch mode is achieved by 
providing asymmetry to the patch through the fractal 

curves embedded along the length and width of patch.  
Simulations are conducted in Ansoft HFSS.

2 Structure of reported antenna
The proposed antenna structure is given in Fig. 1. 
Described antenna is implemented with dielectric material 
(Rogers RT/Duroid) has ϵ = 2.2, h = 3.175 mm. Radiating 
patch is slotted at the right bottom corner to load MUC. 
The dimensions of the slot are 10 × 10 mm2. Square MUC 
having a metallic patch with a side length of 9.5 mm 
and a VIA with 0.3 mm radius is loaded into the patch. 
The series capacitance due to the gap between patch and 
MUC and shunt inductance due to VIA are the main cause 
of getting zeroth order band (left-hand band). The physi-
cal parameters of presented antenna are listed in Table 1.

3 DNGTL theory and simulation results
DNG TL unit cell equivalent circuit is given in Fig. 2, 
where LR and CR are series inductance and shunt capaci-
tance per unit length in which both are due to patch and LL 
is the shunt inductance due to VIA and CL is series capac-
itance due to the gap between radiating patch and MUC.
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The relationship between the phase constant and the 
angular frequency is given by Eq. (1):
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where β is phase constant, d is length of unit cell.
From Eq. (1), it is observed that the phase constant is 

dependent on four different angular frequencies. Those 
are patch mode frequency ( wR ) or n = +1 mode, zeroth 
order frequency ( wsh ) or n = 0 mode, wse or n = −1 mode 
and wL or n = +2 mode respectively. The proposed antenna 
is resonating at two frequencies only those are patch mode 
band and zeroth order band. The phase constant is neg-
ative for n = 0 mode and positive for the n = +1 mode. 
The dispersion characteristics plot of the reported antenna 
is shown in Fig. 2, which gives the information about 
Zeroth Order Resonant (ZOR) frequency. Here the ZOR is 

at 2.4 GHz which is independent of the wavelength of the 
patch (the ZOR frequency occurred at infinite wavelength 
which is the speciality of the DNG TL).

The construction and development of the reported 
antenna is given in Fig. 3. At first, the square patch Ante1 
is designed for 5G band (3.3 GHz) where the polariza-
tion is linear. The CP at this single band can be obtained 
by replacing edges of the square patch with Poly fractal 
curves which results in Ante2. Ante3 is achieved by insert-
ing MUC along the bottom right corner of Ante1 to pro-
duce two bands with LP. Finally, Ante4 can be designed by 

(a)

(b)

Fig. 1 (a) Proposed antenna structure; (b) IAs of Poly fractal boundary

Table 1 Parameter values

Parameter L1 L2 S1 S2 dx1 = dx2 h rv

Value in mm 37 27 10 9.5 1.5 3.175 0.3

Fig. 2 DNG TL unit cell (a) Equivalent circuit diagram (b) dispersion 
characteristics plot

(a)

(b)

Fig. 3 In between steps in the design
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loading MUC in Ante2 to result in dual-band patch antenna 
with first band LP and the second band with CP. The opti-
mized feed point location is obtained from the software 
tool which is 4.5 mm distance away diagonally from the 
patch center position. Simulated Return Loss (RL) prop-
erties of presented antenna are given in Fig. 4 and Table 2.

From Fig. 5, it is observed that, if the dimensions of 
the square MUC are decreasing, then the left-hand band is 
moving from left side to right side on the frequency scale. 
The dimensions of the MUC are optimized (S2 = 9.5 mm) 
to get the left-hand band exactly at 2.4 GHz.

To interpret the working mechanism of reported 
antenna, simulated surface current distributions at each 
frequency band are given in the Fig. 6. The cause for 
Wi-Fi band (2.4 GHz) is current distribution across MUC. 
5G band (3.3 GHz) is because of strong surface current 
at sides of fractal patch.

4 Experimental results
The demonstrated antenna (Ante4) is manufactured 
with dielectric material (Rogers RT/Duroid) has dimen-
sions 37 × 37 × 3.175 mm3 as shown in Fig. 7. The ver-
tical metallic VIAs (copper wires) are loaded into the 
patch and ground plane by using through-hole copper 
technique. Return Loss properties are measured using 
Agilent 8719A microwave network analyzer. Radiation 
patterns are obtained from an anechoic chamber with size 
of 22.5 × 12.5 × 11.5 m3. The working frequency of cham-
ber is from 400 MHz to 18 GHz.

Return loss characteristics of Ante4 are shown in the 
Fig. 8. Experimental results are highly correlated with 
simulated data. Experimental return loss bandwidth of 

Table 2 Impedance bandwidth values

S. No Antenna
Impedance bandwidth (%)

Band1 Band2

1 Ante1 ----- 9.71 % (3.31–3.73 GHz)

2 Ante2 ----- 8.21 % (3.27–3.55 GHz)

3 Ante3 0.79 % (2.50–2.52 GHz) 6.26 % (3.09–3.29 GHz)

4 Ante4 2.51 % (2.36–2.42 GHz) 6.23 % (3.11–3.31 GHz)

Fig. 4 Simulated RL characteristics

Fig. 5 Optimized RL characteristics

         (a)              (b)

Fig. 6 Surface current at (a) Wi-Fi band (2.4 GHz), (b) 5G band (3.3 GHz)

Fig. 7 Prototype of Ante4

Fig. 8 RL characteristics
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Poly fractal boundary patch antenna is 2.51 % at Wi-Fi 
band and 6.23 % at 5G band respectively. The measured 
AR plot is given in Fig. 9. AR bandwidth at 5G band is 
2.35 %. Figs. 10 and 11 represent radiation patterns at 
Wi-Fi and 5G bands. Fig. 12 describes the gain plot.

Proposed antenna characteristics are compared with 
existing literature and listed in Table 3. The antennas pre-
sented in [3, 6] are small in size but their operating fre-
quencies are high with low return loss bandwidth.

Fig. 9 AR characteristics

Fig. 12 Gain plot of reported antenna

Table 3 Comparison

Antenna Patch Size 
(mm × mm)

Substrate size 
(mm × mm × mm)

10 dB return loss 
bandwidth at 

corresponding centre 
frequency

At ZOR At patch 
mode

Proposed 
antenna 27 × 27 37 × 37 × 3.175 2.51 % at 

2.4 GHz
6.23 % at 
3.4 GHz

[3] 16 × 16 36 × 36 × 1.5 1.44 % at 
2.76 GHz

3.05 % at 
5.23 GHz

[6] 28.8 × 28.8 60 × 60 × 1.6 3.50 % at 
2.3 GHz

1.96 % at 
2.56 GHz

[7] 40.9 × 40.9 60 × 60 × 5 5.59 % at 1.68 GHz

(a)

(b)

Fig. 10 Radiation pattern at Wi-Fi band (a) E plane, (b) H plane

(a)

(b)

Fig. 11 Radiation pattern at 5G band (a) E plane, (b) H plane
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5 Conclusions
The patch antenna working at Wi-Fi and 5G bands is 
reported in this communication. By optimizing the dimen-
sions of the MUC, feed point and Poly fractal curves, 

dual-band operation with wide bandwidth is achieved. 
Return loss bandwidth of the proposed antenna is 2.51 % 
at Wi-Fi band and is 6.23 % at 5G band. The 3 dB AR 
bandwidth is 2.35 % at the upper resonating band.
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