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Abstract  Since the next-generation mobile communication system, "5G (Fifth Generation)," requires more frequency 
bands to achieve ultra-high-speed communications, technical verification has been conducted above 6 GHz. However, there is 
no clear method for evaluating the electromagnetic exposure above 6 GHz. We present the first study comparing waveguide 
(WG) and electro-optic (EO) probes for use in an electric field distribution measurement method in the vicinity of super high 
frequency (SHF) band antennas. The results based on the EO probe measurements are closer to calculated results than those 
using the WG probe, which indicates that the EO probe is more effective in measuring the electric field strength of high SHF 
antennas. 
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1. Introduction 

In order to create an ultra-advanced information 
society after 2020, research and development of the 
next-generation mobile communication system, "5G 
(Fifth Generation)," is in progress [1]. Since 5G 
requires more frequency bands to achieve 
ultra-high-speed communications, technical 
verification has been conducted above 6 GHz [2]. 

On the other hand, from the viewpoint of radio 
wave protection, according to radio protection 
guidelines [3], the power density shall be used to 
assess exposure above 6 GHz whereas the specific 
absorption rate (SAR) has been used for mobile 
terminals below 6 GHz. Therefore, discussion has 
arisen on the discontinuity of the allowable output 
power as a boundary to 6 GHz [4]. In addition, there 
is no definite method for evaluating the 
electromagnetic exposure above 6 GHz.  

In this paper, we present the first study aimed at 
establishing an electric field distribution 
measurement method in the vicinity of super high 
frequency (SHF) band antennas. We evaluate 
waveguide (WG) and electro-optic (EO) probes in 
measure the electric field strength of the high SHF 
antennas [5]. 

2. Measurements 

Figures 1 and 2 are a schematic of an electric field 
distribution measurement system and a photograph of 
an experimental configuration for the electric field 
distribution measurement, respectively.  

A standard-gain horn antenna is used as the 

radiation source. An EO probe with a 3-mm square 
electric field detector made of zinc telluride (ZnTe) 
and a WG probe are used. The frequency to be 
evaluated is 15 GHz, which is one of the candidate 
frequency bands for 5G.  
 The electric field strength is measured in 1 mm 
intervals at the distance from the antenna aperture of 
15 mm. The input power toward the radiating source 
is 22 dBm. 
 

 
Fig. 1  Schematic of electric field distribution measurement 

system. 

 
Fig. 2  Experimental configuration for electric field 

distribution measurement. 
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Fig. 3  Electric field distribution measurement results 
compared to electromagnetic simulation results. 

 

3. Measurements Results 

Figures 3(a) and 3(b) show a comparison of the 
measured electric field distribution results and 
simulation results. These graphs show the normalized 
electric field strength versus the distance from the 
aperture of the center of the standard-gain horn 
antenna. The Finite-Difference Time-Domain 
(FDTD) method is used as the numerical simulation 
method.  

The tendency of the electric field distribution of 
the EO probe and that for the WG probe are roughly 
consistent with those obtained through simulation. 
The measured strength using the WG and EO probes 
becomes maximum at 0 mm in the x direction of the 
standard-gain horn antenna, and approximately ± 13 
mm in the y direction of the standard-gain horn 
antenna. 

However, the measured distributions using the EO 
and WG probes differ from the simulated ones within 
± 20 mm from the aperture of the center in the x and y 
directions of the antenna. In particular, the difference 
between the simulated and measured electric fields 
using the WG probe is greater than the difference 
between the simulated and measured results using the 
EO probe. Furthermore, the electric field distribution 

using the WG probe is not smooth. The reason why 
the measured electric field distributions using the EO 
probe are closer to the simulated ones than those 
using the WG probe is that the EO probe comprises a 
non-metallic electric field detector that hardly 
disturbs the electromagnetic field and loosely 
couples with the radiation source. 

4. Conclusion 

As the first step in determining a suitable method 
for measuring the electric field close to antennas 
used in an upper frequency in the SHF band, we 
measured the electric field distribution close to a 
15-GHz band standard-gain horn antenna using the 
WG and the EO probes. While both showed generally 
good agreement with the calculated results, the 
measured results using the EO probe are closer to the 
calculated results than those using the WG probe. 
Our next research target is to investigate the 
measurement method in detail including higher 
frequencies. 
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