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I. INTRODUCTION 
 

Miniature camera devices have flooded the market for use cases ranging from security, closed-circuit-

television monitoring to wardrobe cameras. Of late, cameras are treated more as an IoT product than a 

streaming media device, thanks to advent in Wi-Fi throughput and Deep Learning technologies. This is a 

report for antenna device for a miniature product with fairly medium throughput requirements. 

 

II. PHYSICAL DIMENSIONS 
 

The assumed camera here would be for a security camera device, that is battery operated. Since it is a 

fictional device, for the purpose of simulation, the dimensions of Netgear’s Arlo are kept in mind for 

fixing the dimensions of this fictional security camera. Figure 1 shows Arlo security camera with its 

dimensions.  

   

Figure 1. Netgear Arlo with its dimensions. 

 

Figure 2 shows the model assumed for antenna design. The model consists of cuboid of dimensions 65mm 

x 65mm x 70mm. The body is assigned the material Arlon 250, which is very similar to plastic in terms 

of its dielectric properties. Also, a circular glass hole is assumed as the lens of a camera.  
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The cross section of the device is seen in the right, consisting of 3 PCBAs, namely, the camera PCB, the 

Main Logic board consisting of the SOC and other chips like DDR, EMMC etc., followed by the third 

PCB for antenna and power controls and connectors.  

   

Figure 2. (Left) Dimensions and material assignment, (Right) Cross-section showing PCBAs   

For proto antenna design, the PCBAs are simplified as solid blocks of copper with thickness of 1mm. 

 

III. SIMULATION TOOLS 

 

Modeling of the device has been done using CST’s 3D modeler system. For simulation, CST’s frequency 

domain solver is employed, with about 91000 tetrahedron mesh cells. The antenna is simulated from 1 

GHz to 8 GHz and adaptive mesh refinement is employed for accurate results, excited using a 50-ohm 

discrete (lumped) port.  

 

IV. ANTENNA TOPOLOGY 
 

Assuming the purpose and dimensional constraints of the device, a single antenna system with dual-band 

Wi-Fi capabilities of 2.4 GHz and 5 GHz bands is considered for design. As a camera, the use case does 

not mandate communication over Bluetooth protocol, the need for a second antenna system is eliminated, 

consequently avoiding the cost addition as well. And to reliably cater to the wireless needs of the customer, 

especially for a device that can potentially go into cabinets, high-throughput Wi-Fi channels in the 5GHz 

are supported for high-resolution pictures or video streaming.  

For the antenna topology, a dual band IFA antenna on PCB is selected. Assuming stringent PCB area 

considerations, the antenna is designed in a keep-out area of 5.7mm x 25mm. Figure 3 shows the antenna 

design and its dimensions on the PCB.  

 



 

 

Figure 3. Antenna design on the PCB along with dimensions 

 

V. RESULTS 

 

Antenna’s return loss (S11), bandwidth, total efficiency and far-field pattern are discussed below. Since 

the RF transmission line is not included, the matching network is not designed. But since the self-

resonance of the antenna is made to be close to 50 ohms, the need for a matching network is diminished. 

Since the device just has one dual-band antenna, isolation and ECC requirements are not considered. 

 

a. Return Loss (S11) 

 

The antenna resonates at the 2.4GHz and 5GHz Wi-Fi bands with sufficient bandwidth as shown 

in figure 4.  

 

 

Figure 4. Plot showing return loss in dB of the antenna 



 

b. Bandwidth 

 

Figure 5 shows a zoomed-in plot with VSWR over frequency to indicate bandwidth. VSWR of 2:1 

or less is considered ideal. 

 

 

Figure 5. Plot showing VSWR vs Frequency to show operating bandwidth of the antenna 

 

 

 

c. Efficiency (Total efficiency) 

The antenna’s efficiency in both the operating bands is less than 1dB, as shown by figure 6.  

 

 

Figure 6. Plot showing the antenna's efficiency 

 

 

 

 



d. Far-field cuts 

Far-field cuts of the antenna for 2.4GHz and 5GHz for constant theta and phi are shown below in 

Figure 7. As expected, the presence of the PCBs in front of the antenna acts as a director and directs 

the main lobe in the opposite direction, ideal for use cases like security cameras that face the door.  

 

 

Figure 7. (Top) Plots showing antenna pattern cuts for 2.4GHz (Bottom) Antenna patterns for 5GHz 



e. Gain 

Figures 8, 9 show ‘Realized gain’ 3D plots for 2.4GHz and 5GHz respectively. The gain of the 

antenna’s main lobe is about 5dBi in both cases, with an omnidirectional gain of about 1dB overall. 

Null falls at the face of the camera.  

  

Figure 8. 3-D plot showing antenna gain at 2.45GHz 

  

Figure 9. 3-D plot showing antenna gain at 5GHz 

 

 

 

 

 

 

 



 

 

Figure 10. (Left) Antenna PCB grounding cross-section (Right) New Far-field pattern after grounding 

 

A gain of 5 dBi may be considered too high for consumer electronics products, since a more omni-

directional design is usually preferred, and also because of regulatory power concerns. One popular way 

of reducing the peak gain is by add more ground points in the vicinity of the antenna. The two PCBs in 

on the opposite side of the antenna will reflect most of the radiation towards one end, making it directional. 

Grounding helps currents stray currents return faster, which would otherwise radiate, increasing the gain. 

Figure 10 shows an attempt at grounding near the far end of the PCB, reducing the gain by about 1 dB. In 

reality, spring clips and/or grounding foams in the vicinity of the antenna are used to improve efficiency, 

and obtain nominal omni-directional characteristic with gain of about 3 dBi.  

 

VI. CONCLUSION 
 

The antenna was designed as per the assumed requirements and satisfactory performance has been 

obtained. All key KPIs have been discussed as well to qualify the dual-band antenna’s reliable 

performance.  


	Antenna Design Report Of A Miniature Camera Device
	I. Introduction
	II. Physical Dimensions
	III. Simulation Tools
	IV. Antenna Topology
	V. Results
	VI. Conclusion


