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Design and analysis of moderate band radiation system
based on differential switched oscillator

Zhu Zijun, Xie Yanzhao, Qiu Yangxin
(School of Electrical Engineering , State Key Laboratory of Electrical Insulation and Power Equipment ,
National Center for International Research on Transient Electromagnetics and Application ,

Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A new differential switched oscillator is designed to generate a differential damped sinusoidal
signal with a center frequency of 300 MHz. Besides. a radiation system based on a differential switched oscilla-
tor and associated helical antenna is designed and analyzed. Firstly, the differential switched oscillator with the
same central frequency is compared with the single-ended switched oscillator, which shows that the withstand
voltage and output voltage of the differential switched oscillator are twice that of the single-ended switched oscil-
lator. Secondly., the design of a differential switched oscillator is introduced. The characteristic impedance and
the static electric field distribution of the oscillator are analyzed. The transient performance of the oscillator is
simulated. Thirdly, a differential helical antenna is designed as the radiation antenna, in order to match the out-
put form of the differential switched oscillator. Finally, the experimental result with different nitrogen pressure
at different radiation distances is introduced. The radiation systems based on single-ended switched oscillator
and differential switched oscillator are compared. It is shown that the radiation system can generate a high pow-
er mesoband EMP with a center frequency of 300 MHz and a percent bandwidth of about 20%. The maximum
intensity of electric field is about 18 kV/m and the radiation factor is about 110 kV. The electric field intensity
of the differential radiation system is twice that of the single-ended radiation system.

Key words:  high power mesoband EMP;  differential switched oscillator; differential helical antenna;
high electric field intensity
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(a) schematic of a single-ended switched oscillator (b) schematic of a differential switched oscillator

Fig. 1 Schematic of switched oscillators
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(a) structural schematic of the differential switched oscillator (b) illustration of the differential switched oscillator
Fig. 2 Differential switched oscillator

K2 20IF KRG
070008-2



BLAREAF . T 2200 TF KR 55 f B9 S8 FL Ik o 8 3 2% 46

AR B S — AR . SNSRI 2 R TR SRS b BB S K 25 23 TF G IR G A U 23 UM B
Ui T R A% 3 4 o

PIAS P93 4% 11 18] B DA oo ] 320 90 380 T 18 K A i ot gt 2 B 25 3 1140 1l D7 T J0 T A ) B T F 56 L A
T BT A B A ) AL i 2 . PN S (AR A1 S AAHES o BELAC A S ) [) ol e i e o A 1) £ i 4 R [ il £ i 2 3 1)
FY R T T AR T s O IR BELAL B 4R BT 03 o 22 00 O Ak 3 o 70 A I A ¥ 58 L i T S0 AR Sy KA 1) BT 56 AR
BHAL A Lm0t A v e RUSVE A BRAG B0 T [R) b A% i 2 e AE BELTE Zor THIRE A 50A

ZCTL :6011’1(%) (1)

Xer, BANFRN LR r RN RSN LR
A 1) A Ay 2 v DY A 55 ARRE L T P RRAE B Zer TR A R

ZRTL :SO@ (2)

K dy BB AL APAN N SR Z ) BB ;e 212 SR B A R FEE

SEPREETT Y ZEF) .7, =60 mm.r, =55 mm,dy =2~10 mm,r, =0~55 mm, 1535 IR (KH
18 B 238 73 WO RRAE BT A0 A AP 3 Bz o 78 KAE TR BR T SG AL R AE BT 08 T T 95 K. BE&E 5 KA T BRIT 56
BF T (18 384 0, AR 1o A% i 24 04 R A BEL BT PR el /s B AR AR % B . BIAR ] A% i 24 R () i 4% g 26 28 S Ak B, T 3 19 R AIE
BHETHERZY Ry 5. 22 QB P B, ZJ5 , IRl AhA% Or Re iX A BHBTE A E

M CST 1l 05 HAS B N SRS 250 kV BRGS0 A0, & 4 B, KAE ] B AR 7Y 37 98 i K
i B A 5 AR TR) BT 5G A9 BE 88 1 35 R AE B W8/ . 78 KAE TR BT OGAL L 3758 459 kV/em . 24 4[] il 4% i £&
A N AN IR Z [ S5m0 5 A%, 8 OR o 28 Kk AR AE JAETF R TRIBRL,

I CST #f4 f Bz RS TAES RE . A AR 5300 5 Ah K 3% 3 i B (lumped element 1,2)
M R AR ) BT G Ak 5 RS i R DUT S i 5 A LA R AN S B R IZ R L 25 00 T R AR U A fE

100
[ ) EANER
r 4.59x107
80 .
4.17x10
G 3.76x107
~ 60 .
3 radial 3.34x 10_
g transmission X 2.92x10
Lol line coaxial — — ~
2 40 | transmission line 1 — —2.50x10
g 2.09x107
20 1,67x10_
1.25x10
5.22 : 8.35x10°
0O 20 40 5560 80 100 120 140 160 180 ¥ 4.17x10°
: - : - —J 0
distance alone transmission line / mm
Fig. 3 Characteristic varistion distribution of the Fig. 4 Static electric field distribution inside the
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Fig.5 Simulation results
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Fig. 6 Two helical antennas with different starting angle
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Fig. 7 Current distribution of the rings at t=0
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Fig. 8 Current distribution of the rings at t="T/4
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Fig. 10 High power mesoband radiation system based on differential switched oscillator
P10 T2 4 F AR 5 18 10 735 00 56 95 A oL B K oh 8 3 R 46
TEFE AR 1.5 MPa, B 5HFERS 2.5 m,6.5 m,10. 5 m A48 537 % 1 7 [ 0 B anik 11 fras, =AM
BRI P AR 2 300MHz B IE 72 = IR %k . AR RS 2.5 m Ak, B FREMIES X, XA E R
55 3 I A 2 0 15 A Ak i TEMOE L 48 5 3 15 B O 1) 43 b W (B4 /0N . Bl 5 E 5 A 38, 766 5 mAd L 4 59 37 s

3.5
—===2.5m
—~ —~ 3.0 —6.5m
‘E "E S e 10,5 M
> 5 .
< =
Z < 20
=) o
° >
= = 1.5
8 2
g 1.0
[} 5] i
© ® o)
0 10 20 30 40 50 60 0 100 200 300 400 500 600
time / ns frequency / MHz
(a) radiated electric field waveform at different distances (b) specturm of the radiated electric field at different distances

Fig. 11  Waveform of the radiated electric field at different distances
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Fig. 12 Radiation factor of the system at different distance
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Fig. 13 Waveform of the radiated electric field with different nitrogen pressure
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