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Fig. 2. Structure and electric field distribution of transmission line: (a) Structure of transmission line; (b) distribution of the elec-

tric field.
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Fig. 1. Schematic diagram of multi-function pulsed radiation system.
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Fig. 3. Equivalent circuit of pulse power source and diode.
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Fig. 4. Circuit simulation results.
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Fig. 5. Structure and electric field distribution of diode: (a) Structure of diode; (b) distribution of the electric field.
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Fig. 6. Electron image of diode gap: (a) Initial emission; (b) large-area uniform emission.
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Fig. 7. Two kinds of cathode structure and the uniformity of X-ray: (a) Disk cathode for electron beam; (b) double-ring cathode for

X-ray; (¢) uniformity of X-ray generated by disk and ring cathode at 10 cm behind the anode.
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Fig. 8. Curve of photon energy by bremsstrahlung with tan-

talum target thickness.
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A RCEUNFIAL L, FOBRAS AR | 45 S R | FLI
FORBEIE WA 12 Fios.

S, gL IR E] 400 kV, EFFK
T IR B 56 53 S AE A Ak 1 i 2 R K o O i 2
L R (A o 28, TR W S L R D 260.5 &V,
T LRI A 110.8 KA, AR LK T
9 31 ns, AR SERHBTN 2.3 Q. B R
WE(E R 83.5 kA, i1 PHA S FL A — e k.

) 7% 2B SR AR ) W WAL A TR R o B (1] A% 2
K 13 P, ARGk PT100 #4r BHAE A i
TCHF, ZAS TR 43 HEE R 0.1 °C, FAma B B [a]
k100 ms. BTG5 23 i A SR A O,
DR R SI2 360 S I A5 BE 40 T e, 45 380 S Bl B e
FMEN 29.6 °C, BT HRASTHTEIREALN 4.9 <C,
R Al ISR 1) LA L JEEBE | RN L AR AR
(2) R TR RERN 629.5 .
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Fig. 11. Structure and probe layout of the system.
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Fig. 12. Voltage, current and beam of pulsed electron beam.
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Fig. 13. Absorber temperature.

5.2 Rkif X BHEMKER S S5

TR BRI 2 2 U A AR B, PR 2k R
B, T LA 3 LIRS 7, TAEFE kol XS4k
RAS. R B R IS 20 cm &b, 7642 )
i AR EL AR, AR R TR R 2 em,
11, WIS A A B IR AR S
iR — 0 B AL, MRS PR TS R
THZ M. BB AU 7E B4 i A MEE 2 AR S
1.5 m &b, Bii 1k PIN $RIMZRARA, RG0S ARLE R
WA R A 11 fs.

RETE AL SR 2 W Sl ) X S 2 i S 2
PP 14 B, BEAR ISR R B A3, R0 4%
03 B WA L~ e B B =2 ), 35 P TR I i
FrRRREL T 2, AFE 0 T b 9 5
A

PINWENTE/V

I
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Fig. 14. Waveform measured by spectrometric system.
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Aorly + Agols + Aozl + -+ + Aoy, = T,
Al + Asolo + Assls + - + A1y = T3,

Apih + Apoln + ApsIs + -+ Apn Iy = Ty (3)
Ay 2 BRI R REBL m WO TTESS n MR
DES L= R RE U, B T RE B G —
PRI 2% b i B8/ DURR AR I, X 07 T 55 56 I 75 7Y 1%
PRI 5 R iR, SR Af 7 PRI 1S B R, DU
PIN £ 25 1) R 5 X 2428 5 mm, J&
0.3 mm, I E L R RERTURIE AL T,

MR G BT {ABE AL NS 7 JE B (e B, 1 FH 5
FER PR AN [F) 8 B 735 1 AN [R] 5 BE W i
A JEFE PIN #8300 88 B9 Be i UUAR, 1T R a2 PIN
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Fig. 15. Energy deposition averaged over PIN detector by

calculated.

(E o g DX ISR W XS 2k 1) o U g et 8 Ak
AL, B (3) W R R = B AR, ANBE
B HECR AT R R . SR Waggener 55 1] 4 1
BRI shik R AR BET, 45 — P PILRRETS, X145
RETE S ANBNE LBl 8 (3) ZHaa i it
HRE R Toae SRR TR Ty 1T EH
B, P MXRZE D Fmh

B 1 N abs[Tca C(Z) *Tmeas(i)]
b= N ; leeas(i) , (4)

Fopr N W R AN REIRRR IS P B AL =
128k =1,2,3,-, K APSIUEL, I RN jA6E
B, Y D /e TR S 0 (R Y il 2R i
WER/N. GRE RN, 1558 — 4 BRI 41 dn
Kl 16 Frs.

RGN X BHEERER /R 7E 200 keV DI,
SEIRER A 67.2 keV. AEIEAIXTANER, W RS
T Pk A RS UL I 5T

X S AR 0 AR A 17 R, D
T ELAE R 20 cm, 35 78 S50 i v 42 1) SF- T 14 (8]
B 2 cm E5RHIRA

X SRR AR BB 0 5 2 em FHEEAT ek
B, J 64.07 mGy, #£ W & 18 &8N, /ME
41.26 mGy, F/ME AT KIER 64.3%, BT

FHIN 2 T P-4 50 i R AR I A 7 A X BRI R
i, I TERIECK H X ISR 50.47 mGy,
WA BE IS M A5 BB IE M 1.1 mJ/em?, 4R
FTFHH N 3.4x10%,
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Fig. 16. X-ray spectrum by spectrum unfolding.
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Fig. 17. Distribution of dose with radius.
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[i) B3 P ) P T AR A5 I B R BE N 1,14 nC, SR ST
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HER ST  N H FiD, SR BT H Y. X808 9
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RGP LGS RS FOCEHE, THUMBIR RGEIE R
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Fig. 18. Current in radiation field.

ASCHHR] T —EH R 200 kV 1k f
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FE4a 77 5K, BCA A8 ) 4 2% A AR A8 RO ] B B
e, BRI 254G, 7= A ko e 7 Rl ko X 2. A
RGN IR TAERE, 72 A 0k B 7 SRR e i
iK% 83.5 kA, MAEER A 629.5 J, i & {H By 5
FFIAR RN BH AR, BRI 7 Jik o L 7 SRR K i X546 T
YRR RIE DI, A RG0 77 B ik X 2T
YIRE N 67.2 keV, S E A 50.47 mGy, 7F HAZ
20 cm MRS DI 70 e IME A SRR ALY 64.3%,
X AR N T 5 AR 0.02%.

REBERTT T WA, SC T T
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RE T 2 22 G0 AR WA R 4, ARAS ik oh X B4R
IRETS . 7R 950 | RE T i S e AR et 22
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X SFFERARN; S T EL () R
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35 1) B A Bk op Tl B ER | 5 G bk Ak
N AR SO SRR T 2 TR LR 5 R
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Development of 200 kV multi-function
pulsed radiation system

Lii Ze-Qi  Xie Yan-Zhao! Gou Ming-Yue  Chen Xiao-Yu
Zhou Jin-Shan  Li Mei  Zhou Yi

(State Key Laboratory of Electrical Insulation and Power Equipment, School of Electrical
Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
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Abstract

A multi-functional pulsed radiation system with a peak voltage of 200 kV, an impedance of 2 €2, and a full
width at half maximum (FWHM) of 30 ns is developed. The system can be switched flexibly in two states of
generating pulsed electron beam and pulsed X-ray by changing the cathode and anode. It consists of a pulse
power driving source, a vacuum diode, and an experimental cavity. A Marx generator, a high energy storage
water transmission line, and two pulse compression switches are utilized to generate a high voltage on diode. An
effector can be placed in the experimental cavity which has the same vacuum as diode. An insulation structure
of transmission line and a diode are optimized to guide in system design. The system can provide a multi-
functional experimental platform for investigating pulse power technology, system-generated electromagnetic
pulse, biological radiation effect, etc.

The Marx generator generates a high-voltage pulse with hundreds of nanoseconds in FWHM and hundreds
of kilovolts in peak value. The pulse is compressed by the main switch and pulse forming switch and then
loaded to the diode. Electrons are emitted from diode cathode under the high-voltage pulse and accelerated in
the gap. The electrons are extracted directly or converted into X-ray through the anode. Aluminized
polyethylene is used as an anode when pulsed electron beam is generated, and tantalum film is used when
pulsed X-ray is generated. Working state can be switched by changing the cathode and anode of diode.

The result shows that a current of 83 kA pulsed electron beam and an average energy of 67 keV X-ray are
generated. Pulsed X-ray has good uniformity and low electron proportion (0.02%). In order to monitor the
operation state and output parameter of the system comprehensively, a complete measurement system is
established. Three capacitive voltage dividers are set at the beginning of transmission line, the end of pulse
forming line, and the end of output line, while a B - dot current monitor is set at the diode. A Faraday cup is
developed to measure the current intensity and the total energy of pulsed electron beam. For energy spectrum,
dose and electron proportion, the measurement system composed of pulsed X-ray including spectrometric

system, dose system and Rogowski Coil is build.

Keywords: multi-function, diode, pulsed electron beam, pulsed X-ray
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