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Design and dose characteristics of 1-6 GHz radio frequency exposure platform
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ABSTRACT In this study, a broad-spectrum bioelectromagnetic exposure platform was developed and a dose
calculation study under the corresponding exposure conditions was performed. The radio frequency exposure
platform was in the frequency band of 1-6 GHz, and its principle was based on antenna-exposed electromagnetic
fields. At the rated power, the power density at the target was 63.3—149.0 W/m’. Biological electromagnetic dose
simulation showed that compared with the rat, the mouse can achieve a whole body average specific absorption rate
(WBA SAR) in the range of 1—6 GHz, higher by approximately an order of magnitude. The effect of the top and
side irradiation on the WBA SAR was small, with the maximum difference of 0.731 dB and 0.276 dB in the rat and

mouse, respectively. Therefore, the WBA SAR of the experimental animals was frequency-dependent and insensitive
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to changes in the exposure direction. The tissue-specific absorption rate was more sensitive to changes in the

exposure direction, with a peak frequency point slightly greater than the resonance frequency point of the WBA

SAR. At the maximum exposure values, the maximum dose values of the laboratory animals were assessed. The

WBA SARs of the rat and mouse exceeded the occupational standard of 0.4 W/kg. In addition, the WBA SAR of the

mouse exceeded the injury threshold of 4 W/kg. The experimental setup utilized here can be used to investigate in

vivo effects at frequencies typically applied in occupational operations such as communications and radar.
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Table 1 Basic parameters of radiation field

WA /GHz  REHMHES /dBi FIUFRPORWEL O/ () MRRTh L/ (W-m™) BUE DAL / (W-m™)
Frequency Antenna gain Half power beam width Tested power density Rated power density

1 7.5 75.9 22.6(@44.6 dBm) 84.3

2 12 45.0 30.3(@43.9 dBm) 122.4

3 13.3 38.9 36.2(@43.9 dBm) 146.2

4 13.5 38.1 37.3(@44.0 dBm) 149.0

5 13 40.3 22.1(@44.5 dBm) 83.4

6 12 45.0 16.2(@44.2 dBm) 63.3
2 ZEPFIEFHS Al AT A T T S R S A0 00 T S o B IR AT R R R

Wi o P~ TR AR A 7 1] S N5 77 T ) BL AR B %A n
21 FIRBFEHESH B2 flros o T Hop ?ﬁﬁiﬁﬁ{;ﬁilﬁb%%%%‘%%
XY 5 0 A A AT T by 1 V/me AR AR

AVEA B FT 7 A By Sim4 Life 424 L 177 .
A, 3 9 KB/ R AL H, B M ol S e
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43 .
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Fig.2 Schematic diagram of different irradiation directions
under long axis polarization: (a) top direction; (b) side direction
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Table 2 Specific absorption rate of animals exposed in different directions

(W-kg™)

S /GHz KR Rat /N Mouse
Frequency  Ti[ 5 WBA SAR i[5 WBASAR % 5/dB  Tilfl 4 WBA SAR il 4F WBA SAR % 5#/dB
WBA SAR & top WBA SAR & side Variation WBA SAR & top WBA SAR & side Variation

1 1.43x10™ 1.45x10™ 0.096  2.07x10* 2.14x107™* 0.276

2 8.67x107° 8.72x107° 0.045  3.18x10* 3.07x10™ 0.037

3 6.89x107° 6.56x107° -0.430  3.20x10™* 3.56x10" 0.108

4 5.83x10° 5.51x10° -0.483  2.56x10™ 2.59x10™ 0.010

5 5.42x10° 5.03x10° -0.650  2.24x10™* 2.24x10™ 0.001

6 5.06x107° 4.66x107 -0.731  1.97x10™* 1.97x10™ 0.000
23 FERALAREMARLLRUTER FEAGIG B B TSARME 4 2R 45 AR W] A0 KA bl

SCHRL19 1R 2338 1) 77 sUIH 9 T 569000 N Ak
g R (1) 5, N AA G St A RS P 2 B - B R IR
B i 0 R B2 AL AR B 3735 9 1 Vim il
FRAAT ARSI R B ER KA R R A T AN
RS 77 15) T AN [R5 sh 0 1) 3 R B A 2 Rl
F(TSARFE R 3 MR 4 3045 T KB AT/ ER

AT, T8 HE S R0 ) HEL S ) TSAR 7AE W 2 22 5

Forb, KR R AR 1 22 7 A R B K E T A #
5.96 dB, KB 52 AL 2 i KAE AT A 5] 4.64 dB, K
B AR~ 3R 1) 22 e R AT Ak 31 11.02 dB; /N FRUR
B 22 e KA T ) 10.73 dB, N R B AL ZE 7
BORAB FTIEF 2.71 dB, 7N B30 A 25 S e KA AT ik
#/8.06 dB.

R3 KERHFEARBFEESFRE XM T TSARE

Table 3 TSAR difference of tissues and organs of rat under different irradiation conditions (W-kg™h
AE R4 Lens 52 3, Testis K - BR Cerebral hemisphere
/GHz  Tii e (s Z=R/dB RIS (S Z=R/dB T sy %2R/ dB
Fre- TSAR TSAR Variation TSAR TSAR Variation TSAR TSAR Variation
quency TSAR & top TSAR & side TSAR & top TSAR & side TSAR & top TSAR & side
1 1.73x107° 2.74x107° -4.02 7.63x107° 5.78x107° 241 9.58x107° 1.01x10™ -0.47
2 1.24x10™ 6.25x107° 5.96 1.52x10™* 2.59x107 -4.64 2.72x107 2.03x10™* 2.54
3 1.44x10™ 1.38x10™ 0.36 2.08x107™ 2.23x10™* -0.61 1.73x10™* 1.31x10°* 243
4 2.38x10™ 1.59x10™ 3.52 1.25x10™ 1.76x10™ -2.96 1.20x10™ 8.15x107° 3.37
5 1.59x10™ 1.28x10™ 1.91 9.85x10°° 1.28x10™ -2.26 1.63x10™ 7.09%107 7.24
6 1.83x10™ 1.44x10™ 2.07 6.75x10°° 1.01x10™ -3.48 1.85x10™* 5.20x107° 11.02

R4 PRHEEARBFEESFRE XM TH TSARE

Table 4 TSAR difference of tissues and organs of mouse under different irradiation conditions (W-kg™
MR IR Eye 22 41, Testis fibi ¥ Brain
/GHz Tl s e A Z5/dB TR 0 R ZEFe/dB T RS e ARG Z 5t/ dB
Fre- TSAR TSAR Variation TSAR TSAR Variation TSAR TSAR Variation
quency TSAR & top TSAR & side TSAR & top TSAR & side TSAR & top TSAR & side
1 2.29x10™ 2.36x10™ -0.25 2.91x10™ 2.99x10™ -0.23 3.36x10™* 3.48x10™* -0.30
2 4.32x107 1.49x10™ -10.73 4.75x10™ 4.88x10™ -0.24 1.16x10™ 2.94x10™ -8.06
3 5.34x10™ 7.98x107 -3.49 6.16x10™ 7.91x10™ -2.17 7.91x10™ 8.38x10™ -0.49
4 5.61x10™ 4.26x10™ 2.39 5.74x10™ 7.57x107* -2.40 9.36x10™ 6.83x10™ 2.74
5 6.61x10™ 4.48x10™ 3.37 4.12x10™ 5.62x10™* -2.71 4.19x10™ 6.83x10™ -4.24
6 5.18x10™ 4.87x10™ 0.54 3.85x10™ 3.72x10™ 0.29 4.40x10™ 4.37x10™ 0.07
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Table 5 WBA SAR evaluation value for maximum exposure condition (W-kg™)
BF/GHz KB GRE KETE WBA SAR - KEUI Il WBA SAR /N TR WBA SAR /N EUfil][5] WBA SAR
Frequency = Maximum exposure WBA SAR of WBA SAR of WBA SAR of WBA SAR of
value rat & top rat & side mouse & top mouse & side
1 843 4.6 4.6 6.6 6.8
2 122.4 4.0 4.0 14.6 14.1
3 146.2 3.8 3.6 17.6 19.6
4 149.0 33 3.1 144 14.6
5 83.4 1.7 1.6 7.1 7.0
6 63.3 1.2 1.1 4.7 4.7
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