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Abstract 
 

With the advent of artificial intelligence and its 

association with multiple wireless devices has created a 

complex radio frequency (RF) environment.  Due to this, 

RF exposure evaluation in the near field domain has 

become more critical. Specific Absorption Rate (SAR) is 

the parameter required to be evaluated to measure the near 

field RF exposure. In the proposed work we have 

designed an E-field probe for SAR evaluation associated 

with 5.8 GHz (Wi-Fi for 5G). Scattering parameters for 

the probe are reported in this work. A detailed description 

of SAR evaluation system has been given along with 

different scans setups for SAR evaluation. An automatic 

routine for SAR evaluation has been under development 

for enabling autonomous SAR evaluation using the 

designed probe. Further analysis will be reported in the 

extended paper. 
 

Index terms: Specific Rate Absorption, 

Phantom, Resistive E-field probe, Tissue equivalent 

liquid, Robotic Arm, Area Scan, Zoom Scan, RF Hotspots 
 

1. Introduction 
 

SAR is the rate of Radio Frequency (RF) energy absorbed 

by human that is emitted by the device/s. This can be 

measured by setting up a human shaped mannequin 

(phantom) filled up with tissue equivalent liquid (TEL). 

Then, a mobile or a wearable wireless device is placed 

beside the phantom cheek with a connected call. Once the 

call is established, the mobile will start emitting radiation 

which will be absorbed by TEL. There will be two effects; 

one will be direct in terms of Electric field intensity and 

other will be in terms of the changes in the conductivity 

(s/m, driven by dielectric properties of the TEL). To 

measure the E-field intensity, a probe is required. This E-

field can then be read by a connected Spectrum Analyzer 

or any other radio signal receiver but the dielectric 

properties will be studied in term of scattering parameters 

(S) by a Vector Network Analyzer (VNA). The time 

derivative (rate) of the incremental energy (dW) absorbed 

by (dissipated in) an incremental mass (dm) contained in a 

volume element (dV) of a given density (ρ), is shown in 

the following equation [1]: 

 

SAR =
𝑑

𝑑𝑡
(

𝑑𝑊

𝑑𝑚
) =  

𝑑

𝑑𝑡
(

𝑑𝑊

𝜌𝑑𝑉
) 

 

(1) 

 In SAR testing, the human body is represented by a 

dielectric liquid (TEL), whose dielectric properties are 

similar to that of a human body [2]. SAR evaluation 

involves E-field measurement. There have been various 

studies conducted discussing the estimation of SAR value 

using E-field measurement [3, 4]. 

 

2. SAR evaluation System  

 
SAR Evaluation system consists of (a) a phantom filled 

up with a TEL, and (b) an E-field probe which is clamped 

to a robotic arm end effector and dipped in TEL. 
Robotic arm is used in order to enhance the stability and 

accuracy in locating points. SAR measurement basically 

consists of two main steps –  

(i) Area Scan: It is a 2D scan in which the probe reads the 

value at various points of the phantom’s face filled with 

TEL. The points where the maximum radiation peaks are 

found (RF Hotspots) are then analyzed by Zoom scan [5],  

(ii) Zoom Scan: It is a 3D scan in which a 3D grid of 

dimension 30mm × 30mm × 30mm is formed around RF 

Hotspots and then the reading is taken at various points of 

the grid [5]. 

Finally, all the measured values are averaged out and the 

SAR value for the mobile device is obtained. This should 

be under the regulated SAR levels. The SAR testing setup 

picture and block diagram are shown in figure 1 and 2. 

 

 

Figure 1. SAR Testing setup picture 



  

Figure 2. SAR Testing setup block diagram 

 

2.1 Probe (Dipole) design 

 

 

Figure 3. Schematic Circuit Diagram for E-field Antenna 

Probe 

 

An E-field probe can be either scalar or vector. Scalar 

probe can only measure E-field amplitude but vector 

probe can also measure phase along with amplitude. A 

single antenna probe usually represents a scalar probe [2].  

The circuit diagram that is used for making the proposed 

dipole antenna E-field probe is shown in figure 3 [6]. 

Here R1 and R2 denote lumped resistors, whereas R3 

resistor combination represents a High Impedance 

Transmission Line. Also, a Schottky Diode is connected 

in between the two arms of the dipole antenna, which 

basically offers low barrier path to the incoming 

continuous EM field and converts it into a DC voltage [6, 

7]. 

Figure 4 shows the designed Resistive Dipole E-field 

probe which will be connected to a readout/reading device 

for SAR measurement. Figure 4(a) shows the front view 

and figure 4(b) shows the rear view of the probe. It can be 

seen from the figure 4 that the antenna probe is fed/read 

by a coaxial connector. 

 

 

Figure 4. (a) Front view of probe (b) Rear view of probe 

 

3. Area Scan Grid for SAR evaluation  
 

Area scan is the first major scan step involved in SAR 

measurement and for this we need to form a 2D Grid over 

the phantom face with cells of length 20 mm in both x and 

y direction as shown in figure 5 [5]. 
 

 

Figure 5. 2D Scan grid in X-Y plane on Phantom Face 



4. Measurement of designed probe  
 

A Vector Network Analyzer (VNA) was used to 

characterize the designed probe and measure Voltage 

Standing Wave Ratio (VSWR) and S11 parameter. 
 
VSWR is the ratio of Transmitted voltage and the 

Reflected voltage. It basically gives an idea about how 

efficiently the antenna impedance is matched with that of 

the Transmission Line. VSWR plot obtained for our 

antenna is shown in figure 6.  
 

 

Figure 6. Standing Wave Ratio plot 

 

S11 (Return Loss) is the ratio of Transmitted power and 

the Reflected power. S11 plot obtained for our antenna is 

shown in figure 7. 
 

 

Figure 7. S11 parameter plot 

 
From figure 6 it can be observed that minimum VSWR of 

1.08 is obtained at 5.6 GHz. From figure 7 it can be 

observed that for frequency range of 4.4 GHz to 8.35 GHz 

the S11 value is below -10 dB and the resonating 

frequency is at 5.67 GHz with S11 value of -27.08 dB.  
 

6. Conclusion 
 

From the VSWR and S11 plot obtained while 

measurement it is very obvious that antenna is suitable for 

proposed operating frequency range of 4.5 GHz to 8 GHz, 

which states that it is a broadband antenna probe. Now the 

future work that is need to be performed is SAR testing 

using this Resistive dipole antenna, which is under 

progress. This will involve Area Scan for which the Area 

Scan Grid will be used. RF Hotspots from Area Scan will 

further undergo a Zoom Scan after which we will be able 

to get the SAR value of the device. 
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