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SHORT ABSTRACT 
 

A mode stirred reverberation chamber (RC) is designed to conduct in vivo studies in the 60-GHz band. This 

exposure system has suitable features for experiments on animals. An interface, for temperature 

measurements using an infrared (IR) camera, is designed in the chamber wall in order to measure the specific 

absorption rate and/or the power density inside the chamber.  

INTRODUCTION 

Many applications at millimetre waves (MMW) have emerged recently: security body scanners operating 

around 30 GHz in public areas, short-range wireless communication systems for next-generation high speed 

networks in the 57-64 GHz band [1], short range automotive radars (77 to 81 GHz) [2], 5G communication 

systems, etc. Furthermore, the deployment of these new applications has triggered questions about potential 

health effects. Part of the answer to these questions can be found through in vivo bioelectromagnetics studies. 

 

In the last decade, mode-stirred reverberation chambers (RC) have been investigated and implemented for in 

vivo animal exposures [3-6], but only at radiofrequencies (wifi signal: 2450 MHz ; mobile-phone 

frequencies: 848.5 MHz, 900 MHz, 1900 MHz). RC-based exposure system allows to generate significant 

exposure level. The exposed animals can move freely inside the RC, stress level is reduced compared to 

other exposure systems (Ferris-Wheel, radial waveguide, etc.) where animals are restrained in a small 

volume. In addition, the exposed animals are immersed in a statistically isotropic and uniform field 

regardless of their position in the volume of the chamber.  

 

In this study, a RC is designed for in vivo experiments with mice exposed in the 60-GHz band. The target 

power density ranges from 1 mW/cm
2 

to
 
5 mW/cm

2
, which are the restrictions for general public and 

occupational exposure respectively, for frequencies between 10 and 300 GHz, recommended by ICNIRP [7]. 

This exposure system has suitable features to conduct experiments on animals, the climatic conditions are 

monitored: lighting, temperature, ventilation and humidity. 

 

MATERIALS AND METHODS 

 

Application description 

 

One of the applications for this RC is to carry out experimental studies to assess the welfare of animals. 

"SWISS" mice of 4 weeks old will be exposed at 60 GHz, at exposure levels of 0 (sham exposure) and 1 

mW/cm². Semi-chronic exposition will be carried out in RC, 2 hours per day, 5 days per week during 4 

weeks. The animals will be distributed into six groups composed of five mice each. Two groups will be 

exposed to 1mW/cm
2
; two other groups will constitute the sham exposure control in the RC, and the two last 

ones will constitute the control-cage groups. To establish the degree of animal stress induced by exposure or 

by housing in RC, several parameters will be monitored: food intake, animal weight, coat condition, 

behaviour (exploration, aggressiveness) and corticosterone serum control. 

 



Exposure system 

 

Figure 1 represents a 3D computer-aided design (CAD) view of the proposed RC with inner dimensions 

580×592×595 mm
3
. The chamber walls are made of aluminium with a thickness of 10 mm. Two WR-15 

open-ended waveguides are used as transmitting and receiving antennas. A metallic mode stirrer connected 

to a DC motor rotates continuously to generate the random field in the volume. The exposure system is 

located in an animal laboratory, where all the room conditions are monitored: temperature between 20-24 °C; 

air humidity between 45-65% and air exchange 15-20 times per hour, light cycle and levels (130-325 lux). 

This reduces manufacturing issues related to the animal housing. Two low noise (31 dB) fans with air flow 

rate of 5 m
3
 per hour are installed in the chamber walls to ensure the air exchange between the RC and the 

animal laboratory room. By taking into account the open area (65%) of the woven wire metal mesh used for 

the shielding, the air in the RC is renewed 16 times per hour. Thus, the climatic conditions in the RC are 

expected to be the same as inside the animal laboratory room. In order to get the suitable light level in the 

RC, 8 windows of 100 mm × 100 mm size are installed in the upper face of the RC. Glass diffusers with a 

transparency of about 70% are used to improve the uniformity of lighting in the RC.  

Woven wire mesh is used for all interfaces to ensure electromagnetic shielding. It is made of aluminium with 

a wire diameter of 50 µm and the open area surface is about 65%, leading to a simulated level of -26 dB for 

the power transmittance coefficient at 60 GHz, using HFSS. 

 

To perform thermal imaging measurements, using a FLIR SC5000 infrared (IR) camera, a specific interface 

is designed to ensure simultaneously a high transmittance at IR and shielding effectiveness in the 60-GHz 

band. To this end, we used a calcium fluoride (CaF2) dielectric substrate coated with a highly reflecting 

conducting inductive mesh. The power transmission coefficient (90%) has been measured over a wide 

spectrum covering the IR camera spectral range, i.e. 2.5-5µm. A sample with aluminium mesh (period a = 

200 µm, metallization width d = 5 µm and thickness t = 2 µm) was fabricated on CaF2 substrate by 

photolithography. The transmission coefficient measured in the 2.5-5 µm range varies between 82.6% and 

81.5%. 

 

 

Figure 1: 3D CAD view of the reverberation chamber designed with Solidworks 

 

 

 

 



 

Figure 2: The average absorption cross section (AACS) of conventional animal cages, bedding materials 

and five phantoms of lab mouse in the 58.5 - 61.5 GHz. 

 

Preliminaries studies were carried out in our pilot RC [8] in order to estimate the Q-factor and the maximum 

power density delivered by the exposure system. We demonstrated that the statistical behaviour of the 

experimental electromagnetic field inside this RC designed for operating in the 58.5–61.5-GHz range is 

consistent with that of a classical RC. The average absorption cross section (AACS) of three conventional 

mouse cages (polycarbonate; polyethylene; cardboard), two types of bedding material (wood chip litter, 

cellulose litter) and five mice phantoms, have been measured in the 58.5-61.5 GHz frequency range (see 

results in Figure 2). The animal cage with cardboard has the smallest losses compared to the other plastic 

cages. For the bedding material, the wood chip litter is slightly less absorbent than the cellulose litter. The 

composite Q-factor of the exposure system loaded with five phantoms of mouse, the cardboard animal cage 

and the wood chip litter can be predicted as [9] 
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In equations (2-3), V is the cavity volume, S is the wall surface area, μr is the wall permeability,  is the skin 

depth, λ is the wavelength in free space and iAACS  is the average absorption cross section of loading 

objects. The numerical value of loadedQ calculated in the 58.5-61.5 GHz frequency range is about 10
4
. The 

estimated Q value is sufficiently high compared to the threshold level of the quality factor results from the 

hypothesis that the electric field is Rayleigh distribution ( 450thQ ) [10]. Consequently the maximum 

average power density predicted for the exposure system is 8 mW/cm
2 
for an input power of 2W. 

CONCLUSIONS 

This study presents a reverberation chamber designed for conducting in-vivo experiments at millimeter wave 

frequencies. The estimated quality factor of the RC loaded with a group composed of five mouse phantoms, 

a conventional cage and the bedding litter is about 10
4
 at 60 GHz. The average power density expected for an 



input power of 2 W is about 8 mw/cm
2
. The characterization of the exposure system will be detailed in the 

poster. 

ACKNOWLEDGEMENT  

This work was supported by the French National Research Program for Environmental and Occupational 

Health (Anses 2014/2 RF/004). The authors would like to thank Jérôme Sol, assistant engineer at IETR for 

assistance with the measurements. 

REFERENCES  

[1] C. Park and T. Rappaport, “Short-range wireless communications for next-generation networks: UWB, 60 GHz 

millimeter-wave WPAN, and zigbee,” IEEE Trans. Wireless Commun., vol. 14, no. 4, pp. 70–78, Aug. 2007. 

[2] J. Hasch, E. Topak, R. Schnabel, T. Zwick, R. Weigel, and C. Waldschmidt, “Millimeter-wave technology for 

automotive radar sensors in the 77 GHz frequency band,” IEEE Trans. Microwave Theory Tech., vol. 60, no. 3, pp. 

845–860, Mar. 2012. C. Waldschmidt, “Millimeter-wave technology for automotive radar sensors in the 77 GHz 

frequency band,” IEEE Trans. Microwave Theory Tech., vol. 60, no. 3, pp. 845–860, Mar. 2012. 

[3] T. Wu, A. Hadjem, M.-F. Wong, A. Gati, O. Picon, and J. Wiart, “Whole-body new-born and young rats’ exposure 

assessment in a reverberating chamber operating at 2.4 GHz,” Physics in Medicine and Biology, vol. 55, no. 6, p. 1619, 

2010. 

[4] P. F. Biagi, L. Castellana, T. Maggipinto, G. Maggipinto, T. Ligonzo, L. Schiavulli, D. Loiacono, A. Ermini, M. 

Lasalvia, G. Perna, and V. Capozzi, “A reverberation chamber to investigate the possible effects of "in vivo" exposure 

of rats to 1.8 GHz electromagnetic fields : a preliminary study,” Progress In Electromagnetics Research, vol. 94, pp. 

133–152, 2009. 

[5] K. Jung, T. Kim, J. Kim, H. Doh, Y. Chung, J. Choi, and J. Pack, “Development and validation of reverberation-

chamber type whole-body exposure system for mobile- phone frequency.” Electromagnetic biology and medicine, vol. 

27, no. 1, pp. 73–82, 2007. 

[6] M. Capstick, N. Kuster, S. Kühn, V. Berdinas-Torres, J. Ladbury, G. Koepke, D. Mc Cormick, J. Gauger, and R. 

Melnick, “A radio frequency radiation reverberation chamber exposure system for rodents,” in Cranfield Multi-Strand 

Conference : Creating Wealth Through Research and Innovation, vol. 6, 2008, p. 533. 

[7] ICNIRP, “Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields (up to 300 

GHz),” Health Phys, vol. 74, no. 4, pp. 494–522, 1998. 

[8] A. Fall, P. Besnier, C. Lemoine, M. Zhadobov, and R. Sauleau, “Design and experimental validation of a mode-

stirred reverberation chamber at millimeter waves,” IEEE Trans. Electromagn. Compat., vol. 57, no. 1, pp. 12–21, Feb. 

2015. 

 [9] D. A. Hill, M. T. Ma, A. R. Ondrejka, B. F. Riddle, M. L. Crawford and R. T. Johnk, "Aperture excitation of 

electrically large, lossy cavities," in IEEE Trans. on Electromagn. Compat., vol. 36, no. 3, pp. 169-178, Aug 1994. 

[10] C. Holloway, D. Hill, J. Ladbury, and G. Koepke, “Requirements for an effective reverberation chamber: unloaded 

or loaded,” IEEE Trans. Electromagn. Compat., vol. 48, no. 1, pp. 187–194, Feb. 2006. 


