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Design of microwave antenna and the numerical simulation of specific absorption rate base on

high frequency structure simulator

JI Cong, CHENG Yunzhang

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Objective To design a new horn antenna radiator which works at 2.45 GHz for microwave hyperthermia. Methods

Based on the theory of horn antenna, the parameters of radiator were determined. High frequency structure simulator (HFSS)

was used to establish the cone horn antenna model, and analyze the distributions of electromagnetic fields and the specific

absorption rate of human head tissues. Results In the central frequency of 2.45 GHz, the antenna input voltage standing-wave

ratio was less than 1.5; the return loss was lower than -13 dB; and the maximum specific absorption rate of human head tissues

under electromagnetic radiation was 1.7 W/kg, which met the technical indexes. Conclusion The radiator has a good antenna

pattern, and the output microwave energy meets the requirements of physical therapy.
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Fig.1 Radiation field of electrical fundamental oscillator
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Fig.2 Geometric relationship of horn antenna
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Tab.1 S numerical table of cone horn

S ATL+PEL/dB
0.12 0.93
0.16 111
0.20 1.30
0.24 1.54
0.28 1.82

S: The square law of the difference between the
dimensionless constant; ATL: Gradual loss of

amplitude; PEL: The loss of phase error
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Tab.2 Structural parameters of horn antenna

Value of variable Quantity value/cm
a 8.64
b 432
c 5.05
€ 5.20
h 10.50
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Fig.3 Cone horn antenna model

3 REWBEHRERSH

3.0 RERFERSH

R L R 475 B 4% (High Frequency Structure Simu-
lator, HFSS) J& #& T Wi #4 3% £ BR ¢ J5 ¥ (Finite
Element Method, FEM ) 73 M7 i T2 [7) @1 ) = 4k Hy,
AT B o FHAE AR i 9 0 EORE B AN mT S et
(A0 B RS ) 1 3 I A Rl oA, mT L
U5 B M AR AL BE T 45 28 R RS Wl 1 R 2 4%
FhPERETE A5, A0 R R A 3 25 &1 |2 Ty 3 0 98 B
VSWR .S SHAE", B LR AT « g AR
SUMRHE T , BB A AR 5 =X, B SR A
SR SEL, feJm AT 05 B, AT 2 1 KL 5507
L 4) =23 45 7 B (B S) ([l AE (1 6)
AR R F R (B 7)o

WA B LSRR LLE IR R TE 2.2~3.0 GHz A
TE L 1E2.45 GHZ AL B VSWR 4 1.56, fie Kt 5 G N
8.39 dB, Ml 45 FE M-13.21 dB, LUK T A FL ks
(R AERCR T S B B,
3.2 NRSLERE SASBETE RS

AN RE AR T AR A 7= A S F
Y1, MRS TP B YA REN BT, AR IR Y TR
FRAT AR B T, AR R S A i, S8
W ISORIAEBICH R 1 R, K &5 F R &



- 99 -

1 9
10.00 m1 m10.00008.3864
—The gain pattern of H-plane
5.00 —The gain pattern of E-plane
g 0.00-
£ \
T B N
o -5.00 // \\ N
o // \\ o
-10.00 - / \ !
N N
g 5'(-)?50.00 -50.00 . 50.00 150.00

Theta/

[El4 E@EAMHEEEEE
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Fig.6 S11 parameter diagram of horn antenna

S11: Return Loss
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Fig.7 Voltage standing—wave ratio (VSWR) of horn antenna
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absorption rate (SAR) determination
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Tab.3 SAR standards in relevant international organizations

Institution organization  Standard name  Release time

Limit value of SAR/W -kg'  Applicable frequency range

IEEE C95.1 1992
FCC C95.1 1996
ICNIRP ENS50361 1998
CENELEC ENVS50166 2001

1.6 100 kHz-6 GHz
1.6 100 kHz-6 GHz
2.0 100 kHz-10 GHz
2.0 100 kHz-10 GHz

IEEE: Institute of Electrical and Electronic Engineers; FCC: Federal Communications Commission; ICNIRP: International

Commission for Non-lonizing Radiation Protection; CENELEC: European Committee for Electrotechnical Standardization
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