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Abstract 
10 MeV & 20kW industry irradiation facility (IIF) has 

been designed by National Synchrotron Radiation Labora-
tory (NSRL) for years. Modular design power supplies are 
employed for the latest version, depend on the performance 
of these power supplies with high precision and high sta-
bility, the operating reliability of the IIF has been greatly 
improved.  

INTRODUCTION  
In recent years, the high energy electron beam as a very 

powerful tool for sterilization has been promotion and ap-
plication rapidly [1]. Especially, the COVID-19 was 
spreads widely in the world, the need of the disposable 
medical supplies, such as disposable gloves, protective 
suit, has been increased rapidly, [2] compared with the ra-
diation sterilization, the high energy electron beam can 
greatly shorten the production cycle and increase  
output [3]. 

As we know, energy of the electron beam determines its 
depth of penetration into the product, a “medium energy” 
(1 to 5 MeV) or a “high energy” (5 to 10 MeV) beam would 
be required [4]. Considering this factor, a 10 MeV  
& 20 kW industry irradiation facility (IIF) has been de-
signed by NSRL and operated for several years. 

The power supplies MTBF performance requirements 
are much more stringent than what can be achieved with 
off-the-shelf commercial power supplies. In order to im-
prove MTBF, the power supply system is upgraded with 
the modular design and use the commercial products as it’s 
part. This paper reports on the parameter and principle of 
the power supply system. 

THE POWER SUPPLY SYSTEM 
The IFF needs variety power supplies (PS) for different 

units, some of them can be achieved with off-the-shelf 
commercial power supplies, such as unipolar PS, high volt-
age PS and modulator, the other must be customized, such 
as bipolar PS, pulse PS. But all of them requires high long-
term stability, fast and reliable inter-lock, and quick 
maintenance. The PS system is shown as Fig. 1 and the de-
tails are shown as the Table 1.  

 
 
 
 
 
 

Table 1: Power Supply System 
Type PS Function Description 

Unipolar 
DC PS 

Focus solenoid for 
accelerating tube 30 A / 60 V 

Corrector magnet 10 A / 10 V 
e-gun Filament-
heater 2.5 A / 6.3 V 

Thyratron filament-
heater 100 A / 15 V 

Thyratron hydrogen  20 A / 15 V 
Focus solenoid for 
klystron 40 A / 120 V 

Bipolar PS Scan magnet  ±10 A / 37 Hz 

Pulse PS Grid-controlled pulse  +300 V / pulse; 
-100 V /DC bias 

Modulator For klystron 130 kV / 
500 Hz /16 µs 

DC-AC  
Inverter PS 

Klystron filament-
heater  AC 3 A / 220 V 

High  
Voltage PS 

e-gun HV  DC 45 kV / 
200 W 

Ion HV  DC 7 kV / 
400 W 

 
 Figure 1: Power supply system of the IIF. 

Unipolar DC Power Supply 
The IFF needs 14 sets unipolar DC power supplies for 

focus solenoid, e-gun filament and thyratron with the sta-
bility better than 200 parts per million (ppm) and the 
MTBF≥50000 hours. Two loop hybrid design has been 
developed for this unipolar DC power supply, the analog 
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closed-loop achieved by a customized AC-DC power mod-
ule with voltage-stabilized, and the digital loop achieved 
by a microcontroller unit (MCU). The conceptual design 
shown as the Fig. 2. 

 
 Figure 2: Unipolar DC power supply. 

Bipolar Power Supply for Scanning Magnet 
The bipolar power supply is driven by a H-bridge con-

verter consisting of four MOSFETs as shown in Fig. 3. The 
output current is 37 Hz triangular waveform with the am-
plitude ±10 A, the four MOSFETs divided into two parts, 
Q1 and Q4, Q3 and Q2, they are driven by two sets PWM 
separately with dead-time about 4us. The output current 
waveform shown as Fig. 4. 

 
Figure 3: H-bridge converter for scanning magnet. 

 
Figure 4: The output current waveform. 

In the IIF, once the scanning magnet power supply stop 
output, the beam will be bombardment straight in the cen-
ter of the Ti window, which will be cause the window 
breakdown in few seconds. By test of artificial disconnec-
tion, this time to respond to failure may short than 200 ms, 
and the result is shown as Fig. 5. 

 
Figure 5: The time to respond to failure. 

Power Supply for Electron Gun 

 
Figure 6: DC electron gun PS. 

As shown in Fig. 6, the DC electron gun PS includes: 
DC-45 kV high voltage PS, filament-heater PS and grid-
controlled PS. The grid-controlled PS was employed two 
MOSFET, that one for start the pules and the other one cut 
off, the circuit is shown in Fig. 7. The parameter of the 
pulse-forming circuit was measured, the rising edge <10 ns 
and the falling edge <42 ns, the result is shown as the  
Fig. 8. 

 
Figure 7: MOSFET coupling circuit. 
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Figure 8: Parament of the pulse-forming circuit. 

Modulator and DC-AC Inverter Power Supply 

 
Figure 9: Linear modulator. 

As the Fig. 9 shown, the linear modulator is commercial 
products, that work stable and reliable. However, the com-
mercial modulator usually use the transformer which is re-
liable but not precision and accurate regulation as the klys-
tron AC filament-heater power supply. The DC-AC in-
verter is developed for the IIF, the conceptual of the  
DC-AC inverter is shown as the Fig. 10. 

 
Figure 10: Conceptual of the DC-AC inverter. 

High Voltage Power Supply 
The IIF PS system contains two sets of the high volt-age 

power supply: one for the e-gun and the other for the ion 
pump, they are designed by same method, that the front 
converter use LLC circuit and the voltage doubling circuit 
for output. The conceptual is shown as the Fig. 11. 

 
Figure 11: Conceptual of high voltage PS. 

CONCLUSION 
The power supply system is used in IIF already, by use 

the modular design and the commercial products, MTBF is 
significantly improved and the debugging period is re-
duced. 

REFERENCES 
[1] Y. J. Pei, G. Feng, Y. Hong, K. Jin, S. Lu, and L. Shang, “High 

Power of 10 MeV, 25 kW Electron LINAC for Irradiation Ap-
plications”, in Proc. 3rd Int. Particle Accelerator Conf. 
(IPAC'12), New Orleans, LA, USA, May 2012, paper 
THPPR072, pp. 4142-4144. 

[2] Zhongguang Nuclear Gori (Shenzhen) Technology,  
 http://www.cshfzmj.com/. 

[3] W. Zhe et al., “Review of nuclear technology in the applica-
tion of COVID-19 epidemic prevention and control”, Nucl. 
Tech., vol. 43, p. 120001, 2020. 

 doi:10.11889/j.0253-3219.2020.hjs.43.120001 
[4] F, Guang-Yao et al., “Physical design of a 10 MeV LINAC 

for polymer radiation processing”, Chinese Physics C,  
vol. 33, pp. 135-138, 2009. 

 doi:10.1088/1674-1137/33/S2/035 
 

12th Int. Particle Acc. Conf. IPAC2021, Campinas, SP, Brazil JACoW Publishing
ISBN: 978-3-95450-214-1 ISSN: 2673-5490 doi:10.18429/JACoW-IPAC2021-WEPAB418

WEPAB418C
on

te
nt

fr
om

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

s
of

th
e

C
C

B
Y

3.
0

lic
en

ce
(©

20
21

).
A

ny
di

st
ri

bu
tio

n
of

th
is

w
or

k
m

us
tm

ai
nt

ai
n

at
tr

ib
ut

io
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

is
he

r,
an

d
D

O
I

3680

MC8: Applications of Accelerators, Technology Transfer, Industrial Relations and Outreach

U05 Other Applications


