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Abstract: A camouflage dual-polarized antenna for 5G pico-cell base stations is proposed in this paper. The antenna offers 
good coverage for the 5G sub-6 GHz frequency band (3.3-3.8 GHz) with a reflection coefficient better than -15 dB and a 
port-to-port coupling less than -23 dB. The proposed antenna consists of two layers (a radiating layer and a feeding layer) 
separated by an air gap. The radiating layer uses a transparent conducting film (Indium Tin Oxide) to form two patches (a 
radiating patch and a parasitic patch) printed on the opposite sides of a glass laminate. The radiating layer has visual 
transparency of 77%, which makes it possible to be integrated with the glass cover of the head of a street lamp while the 
feeding layer is embedded inside the head for camouflage. A 2 × 2 antenna array is formed to achieve a realized gain of 13.2 
dBi and a 3-dB solid angle of 33° × 33°. Therefore, the proposed design is very suitable to be employed as a camouflage 5G 
pico-cell base station. 
 
 

1. Introduction 

To deliver that high-speed connectivity, the next 

generation of cellular networks (5G) will use new types or 

airwaves that do not travel far. Meaning carriers will need to 

build dense webs of small cell towers on the side of buildings, 

on lampposts, even on newspaper boxes, the cells are roughly 

the size of a laptop. Therefore, the small cell base stations are 

set to play an important role in expanding the capacity of 

wireless networks [1]. The design of pico-cell (PC) base 

stations has attracted the attention of the research and the 

industry communities as it has posed new challenges on 

making them small size, low power and low cost in 

comparison to the traditional Macrocell base stations [2]. 

To respond to the public pressure of less conspicuous 

antenna systems, designers tend to produce camouflage base 

station antennas, which can be visually hidden [3]. Two main 

approaches can be utilized to achieve the concept of 

constructing camouflage antennas. The first approach is to 

install the base station antenna on a customized platform that 

looks like a part of the surrounding environment, like a palm 

tree in a garden or a cactus tree on the side of a highway road 

as shown in Fig.1. This approach is quite costly as for the 

need of building a customized platform for each base station. 
 

 

Fig.1. Base station antennas on camouflage platforms. 

 

 

Fig.2. A camouflage base station integrated to  

(a) cathedral cross (b) window glass. 

The second approach is to integrate the base station 

antenna to an already existing object in the surrounding 

environment such as the cross at the top of the cathedral 

shown in Fig.2(a), which is nothing but a base station antenna 

array or being integrated to the transparent window glass as 

shown in Fig.2(b). 

The concept of using a camouflage antenna in wireless 

communication is nothing new. It has been adopted for both 

military [4] and civilian [5] applications. Furthermore, in [6], 

a transparent conductor printed on a glass substrate has been 

employed to form a transparent antenna, which is of low 

visibility and could be an attractive candidate for new PC 

base stations. 

To make a transparent antenna, the selection of a 

suitable material is vital. Transparent conductive materials 

have been prepared with oxides of tin, indium, zinc and 

cadmium using magnetron sputtering [7]-[8]. These 

transparent conductive oxides (TCOs) are employed in a wide 

spectrum of applications such as solar cells, electromagnetic 

shielding and touch-panel controls [9]. Notably, there has 

been little commercial application of TCOs in antenna design. 

Attempts have been made to create transparent patch antennas 

for automobile windshields and solar cells [10]-[14]. 

              (a)                                                (b)                      
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Fig.3. The illustrative scenario of the 5G coverage area 

using the proposed PC base station. 

Many papers on this subject expressed the inability to 

achieve high gains (larger than 2 dB) [13] due to the reduced 

efficiency of microstrip patch antennas with a ground plane 

compared with dipole antennas with no ground plane [12]. 

One of the problems is the skin depth losses introduced by the 

requirement of thin TCO depositions for high optical 

transparency. Furthermore, ground effect losses present in 

patch antennas further aggravate the loss due to skin effects. 

Both issues coupled with the relatively low conductivity of 

TCOs in comparison with copper [15], can cause significant 

increases in surface resistance of the microstrip patch and 

result in lower efficiency. 

In this paper, a new transparent antenna array is 

presented to serve as a sub-6 GHz 5G PC base station antenna 

with dual polarization. The single antenna element has a 

transparent radiator printed on a transparent glass laminate, 

which gives the proposed design the privilege of being 

partially invisible. This low visibility allows the proposed 

antenna to be feasibly integrated with other daily suitable 

surrounding equipment to achieve visual camouflage. In this 

paper, the street lamp is selected as an example of such 

surrounding equipment, which can be any other suitable one. 

A possible coverage scenario using the proposed PC base 

station is presented in Fig.3. 

The antenna main concept has been introduced in [16]. 

Here, the antenna structure has slight changes to improve its 

performance, In addition, more illustrations about the antenna 

performance, fabrications and measurements have been 

included. The rest of the paper is divided into Section 2 which 

illustrates the proposed antenna design and its simulated and 

measured results; Section 3 which discusses a 2 × 2 square 

antenna array configuration and its simulated and measured 

results; Section 4 which illustrates the integration of the 

antenna array with a street lamp and its effects on the antenna 

performance; and finally, the paper is concluded in Section 5. 

2. The Proposed Antenna Element 

Fig.4 presents an exploded view drawing of the 

proposed antenna. The antenna element shares similar 

features and working principles of our work proposed in [17] 

However, a major difference between the two antennas is that 

the proposed antenna element in this paper uses a transparent 

radiating layer.  

The antenna consists of two layers separated by an air 

gap. The antenna radiates through a transparent layer made of 

glass (Layer A) with a size of WS2×WS2×Hd2. Two 

transparent square patches are printed on opposite sides of the 

glass laminate using a thin film of Indium Tin Oxide (ITO) to 

achieve optical transparency. The bottom patch (radiating 

patch) has a side length of WP2 while the top patch (parasitic 

patch) has a side length of WP3. Two perpendicular 

rectangular slots are cut in the radiating patch. Each slot is 

L_Slot×W_Slot. The antenna is fed through a feeding layer 

(Layer B) made of a Rogers RT5880 laminate with a size of 

WS1×WS1×Hd1. A square copper patch (feeding patch) is 

printed on the top side of Layer B with a side length of WP1 

while the bottom side has a ground plane of copper to support 

directional radiation. The feeding patch is fed by two 50Ω

perpendicular feeding lines each of which is terminated by an 

RF connector for excitation. The two layers (Layer A and 

Layer B) are separated by an air gap with a height H using 

four supporting rods to, mechanically; fix the radiating layer 

above the feeding layer. The two layers, the patches and the 

slots are concentric and lie in the X-o-Y plane where their 

edges form angles of ±45° with the X and Y axes to provide 

the conventional dual-polarization of a base station antenna. It 

is worth noting that the glass laminate has a dielectric 

constant of 2.2 and a loss tangent of 0.0009 while the Rogers 

laminate has a dielectric constant of 2.3 and a tangential loss 

of 0.0054. The ITO film is 0.3 μm in thickness and has a

conductivity of 5.6×10
5
 S/m to achieve optical transparency 

of 88% [18]. The optimized dimensions (in mm) are 

determined as WP1 = WP2 = 27, WP3 = 20, WS1 = 71, WS2 = 

30, L_Slot = 9, W_Slot = 3, H = 7, Hd1 = 1.6 and Hd2 = 2.2. 

 

Fig.4. The exploded view drawing of the proposed antenna element. 
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Fig.5. Prototypes of (a) the proposed antenna element  

(b) 20 stacked radiating layers (c) a transparent 

single radiating layer. 

When the antenna is excited through the RF 

connectors, the radiating layer is fed through the electric 

field coupling with the feeding layer.  The function of the 

slots is to improve both the antenna impedance matching 

and transparency while the function of the parasitic patch is 

to add a capacitive loading to the input impedance of the 

antenna for further improvement of the impedance matching. 

Fig.5(a) presents a model of the antenna element. 

In Fig.5(b), 20 stacked radiating layers are placed on a white 

paper to make the parasitic and radiating patches partially 

visible while Fig.5 (c) shows a single radiating layer with 

overall transparency of 77% (transparency for each patch is 

88% while the transparency of the glass is around 99%). 

 

Fig.6. Simulated and measured S-parameters, and 

realized gains. 

 

Fig.7. Measured radiation patterns of proposed antenna 

element across (a) H-plane. (b) V- plane. 

Fig.6 shows the antenna simulated and measured S-

parameters. It is noticed that the antenna can cover the 

frequency range from 3.3-3.8 GHz with a reflection 

coefficient less than -15 dB and mutual coupling less than -

23 dB. The simulated and measured gains are also plotted 

in Fig.6. As seen, the antenna measured gain is around 7.3 

dBi over the working frequency range. 

Fig.7 presents the measured radiation patterns in 

horizontal (X-o-Z) and vertical (Y-o-Z) planes at 3.3, 3.55 

and 3.8 GHz for both co-polarized and cross-polarized 

radiations respectively. It is evident that the antenna has 

stable radiation patterns with half power beam widths 

(HPBWs) of about 75° over the working frequency range. 

Also, the antenna enjoys polarization purity (PP) higher than 

23 dB on boresight. 

Table 1 illustrates a detailed comparison between our 

proposed design and previous designs which operate over 

similar frequency ranges. It is clear that the antenna 

proposed in this paper not only has a wide bandwidth (BW) 

and a small size but also enjoys small port-to-port coupling 

and high PP. 

The proposed antenna gain is slightly less than the 

gains of the other reported design as the efficiency of the 

proposed antenna is around 72% - 74% (~ -1.4 dB). This is 

due to using ITO as a conductor, which has less conductivity 

than the copper used in the reported designs. 

The privilege in the proposed antenna is its 

availability to be integrated with an object (such as a 

streetlamp in our case) for camouflage purposes because of 

its transparent radiating part. 

 

Table 1. Comparison of previous work to the proposed design 

Ref. [19] [20] [21] [22] Proposed 

Frequency Range (GHz) 3.5-5.1 3.3-3.6 3.45-3.55 3.65-3.81 3.3-3.8 

Fractional BW 37.2% 8.7% 2.9% 4.3% 14.1% 

Size (mm
3
) 60×60×17 72×72×18.8 74×74×1.5 86×81×3 71×71×11 

Coupling (dB) -18 -28.8 -15 -31 -23 

Gain (dBi) 8 8.2 8 10 7.3 

Polarization Dual Dual Single Dual Dual 

PP (dB) NA 24 NA 23 23 

Camouflage NA NA NA NA Available 

                          (a)                                                       (b)     

(c)                      

                           (a)                                                    (b) 
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3. A 2 × 2 Antenna Array 

 

Fig.8. A 2 × 2 antenna array (a) layout (b) prototype. 

To increase the antenna gain, a square 2 × 2 antenna 

array is formed as shown in Fig.8 (a) and a model has been 

fabricated as shown in Fig.8 (b). The spacing between any 

two adjacent elements is set to 65 mm (0.8λ0 where λ0 is the 

free space wavelength at the central frequency). 

S-parameters for the ports (P1, P2… P8) of the 

antenna array are shown in Fig.9. The results indicate a 15 

dB return loss across the desired BW from 3.3 to 3.8 GHz 

(whileotherportsare terminatedby50Ωloads)and worst-

case mutual coupling of -23 dB between any pair of ports. It 

worth noting that the return losses of the feeding ports are 

identical due to the symmetry of the feeding structure. The 

average realized gain is 13.7 dBi as noticed from Fig.9. 

The simulated and measured radiation patterns of the 

antenna array at the 3.3, 3.55 and 3.8 GHz are shown 

in Fig.10. The HPBW is 33º in both horizontal and vertical 

planes. 
 

 

Fig.9. S-parameters and realized gains of the antenna 

array. 

 

Fig.10. The simulated and measured radiation patterns of 

the array at (a) 3.3 GHz (b) 3.55 GHz (c) 3.8 GHz. 

4. Integrated Antenna Array with a Street Lamp 

 

Fig.11. Integration of the proposed antenna array with a 

street lamp (a) feeding layer (b) air gap (c) 

radiating layers. 

To achieve camouflage, the proposed antenna array 

is integrated into the head of a street lamp. The transparent 

radiating layer is integrated with the transparent glass cover 

of the head of the street lamp while the feeding layer is 

embedded inside the head as shown in Fig.11. The two 

layers are separated by a 7 mm air gap. Finally, a transparent 

thin protective silicon coating is placed on top of the 

radiating layer to provide protection to the antenna array. 

To study the effect of the street lamp on the antenna 

performance, the antenna array was re-simulated after 

integration with the head of the street lamp using CST 

Microwave studio. Fig.12 shows the 3D radiation pattern in 

this case. It is clear that the antenna realized gain has 

slightly decreased to be 13.2 dBi due to the effect of the 

large size of the head of the street lamp and the silicon 

coating. 

 

Fig.12. The simulated 3D radiation pattern of the proposed 

antenna array integrated with a street lamp. 

                         (a)                                                    (b)     

               (a)                                  (b)                                  (c) 
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5. Conclusions 

To cope with the tradeoff between having good 

antenna performances and sufficient camouflage properties, 

this paper has proposed a new partially invisible antenna 

array for PC base stations working over 3.3 - 3.8 GHz. The 

antenna elements radiate through transparent patches formed 

using a thin film of a transparent ITO conductor printed on 

glass laminates to achieve 77% of visual transparency. All 

the electrical and radiation characteristics of the proposed 

antenna meet the requirements for 5G base station antennas. 

Moreover, being transparent, the antenna array has been 

successfully integrated into the head of a street lamp to 

achieve camouflage. Therefore, the proposed array is good 

enough to be employed as a camouflage 5G pico-cell base 

station. 
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