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Exposure evaluations of mm-wave band handset on the human head
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1. Introduction

Exposure evaluations of radio waves have been performed
assuming the use of smartphones. A part of the frequency
band used in fifth-generation mobile communication
systems is allocated to mm-wave frequencies, and faster
communication is expected to be realized. Therefore, it is
necessary to evaluate human exposure to mm-wave band
wireless communications using handsets. In this study, we
evaluated the exposure to the human head using a
smartphone model with built-in mm-wave antennas.

2. Analytical model

Fig.1 shows a mm-wave antenna model that can be
embedded in a smartphone. This model is 1 x 4 patch array
antenna with a simple structure. The operating frequency
was 28 GHz, and S1i to Si4 of each patch antenna in free
space were found to be less than -10 dB. The model was built
into the left, right, and top sides of the numerical smartphone
model case created in our previous study [1]. The numerical
smartphone model is a model that simulates the same size
and component layout as a commercial smartphone. Fig.2
shows an analytical model. The model consists of the
smartphone model with built-in mm-wave antenna models
and TARO [2], a human head model. The smartphone model
was placed in front of the mouth because some people bring
the device to the front of their face to use it. The electric
properties of the TARO were epidermis and dermis and were
taken from the database provided by National Institute of
Information and Communications Technology [3].

The analysis was performed using XFDTD ver. 7.9.2.
The radio waves radiated from all antennas are in-phase and
same amplitude, and the total radiated power is 0.2 W.

3. Analysis using mm-wave band handset

For exposure to radio waves above 6 GHz, guidelines have
been specified using the absorbed power density. This paper
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Fig. 1 mm-wave antenna model

Fig. 2 Analytical model
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Fig. 3 Electric field distribution on TARO surface

shows the electric field distribution on a TARO model
surface (Fig.3). From Fig.3, the electric field was distributed
over a wide area of the face, mainly around the mouth. The
reason for the wide distribution is considered to be that the
mm-wave antenna models were placed in three locations.

Conclusion

In this study, we analyzed exposure of the human head in the
mm-wave frequency band. In the next step, we will obtain
the absorbed power density.
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