EloH B
20138 H

2 S S
NUCLEAR TECHNIQUES

Vol. 36, No.8
August 2013

£ T BERRIOME X S5 EBERRN

X&EFE  EEHR®

WAR P B OEFEE AH

(RABE T REERAS L IEER  KE 610059)

RE RENENHY X HRERERBERNEAERER, B0H T —MEEM 0 E-30kV TN X HE&
ERREERBE. FHBEEAERBRMAE, STRERVETHRE. RHEES. ERAXAZERLS
BAREERSENEM. ARERBTRA 7 REEEHHER - REERERTR, BOERL T
HITERE . SHBIERY, QRKH TRRA . oK. RIFENmEREEESR .

XA mERE, ZEGER, GEBRERK
PESHRS TL82S

EER, X HEREFSTEHNNAH R Z. %
ARG PRA X HEESEFHRITE, B CT K
BRI B THENPRA X HEHE
BRI ARREHRYESN: X R HTREBIR
P& % TUR IR X ST HRE A BIRT R B T R AL AL
URETENEEREE, BAEFRM. REMLT
REANMESN A, TRZEHATEMIEMLRE
Gfr. 4, EREFHRERBENRRE. &
. SREENHE X HREFRBIREK. 1
A X SEENEEZ LA, BEEREES
BT mRE

B B X 5 4 i IR £ A SEB T U ¢
HER, EREENAEREE. FHARESI
FEFENRERNARERR, FEERTIERE
BIEHE & . SR a2 RuERA, [
ANFF R B £ TR I B — MR AR A 1) B+ T8 X
B, PAERKKIDIREGE. B8 REEBRNGAE
FHREBILR, BEBWRIRIERE ST
(e B AR, TOEZE MBS, BE R
R E R IR R, REEMR. BFEX, BT
Y ESIRIE 27 NCARN

b3t 5B X SR E LR M= BEN R A S
b BE. BIMEFEIR, AR RN
WK T TR, BEEMRYE, ATE
FAMOIRG IR, X TR eI B,
BRI R EME R, FRELTRENTER
&, BEIFRGES.

1 RGEEERT

GHBERGRMEEERN 9 V, BHBEE
-30kV, UMRIE X HTEREREIER TIE. BIRBAEL
HWHEEREE. PIERER. SHEES. £
BB, BUERREBELRSER, ARGk
FEEME | Fir. BERTESER: abFR
HENWEREE 7V, BIF B EIRER, TR
HEEERBER SN EIEZEEZESE T,
MR, REELEMEES T #TE &K,
A T, IR H Bl IE 6 X £ i B e B
HITE A EBESENERAEE. BT R
51 B% BIFBCR B8 Uy Rfands, ] =48 Q, MERHE
i, #H—SEH T EHRERERTERE QS QI
TR T IESYRNBE, NTRE&EE
o,

3 Boost
3 : Circuit

E1 AEEEE
Fig.1 Function block diagram of power supply.
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Fig.5 Feedback control circuit.
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Fig.6 Measurement of output voltage stability.
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Table 1 Ripple voltage measurement.

WomE kv QUEHE /V B /%
Output voltage Ripple voltage Percentage
—0.275 0.77 0.282
-1.199 2.70 0.225
-5.874 10.40 0.177
—12.843 21.19 0.165
—17.832 27.64 0.155
—22.770 33.70 0.148
—27.005 38.35 0.142
—30.003 42.01 0.140
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Table 2 Loading capability of power.

HEHEHE /G WL /uA O WIHEE /kV
Load resistance Output current Output voltage
1.46 20.5 -30.019
1.14 26.3 -30.008
0.96 312 —=30.030
0.82 36.7 —29.986
0.72 41.7 —29.997
0.63 474 -30.019
0.58 51.8 —29.975
0.53 57.0 —29.942
5 455
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Design of high voltage power supply of miniature X-ray tube based on resonant Royer

LIU Xiyao ZENG Guogiang TAN Chengjun LUO Qun GONG Chunhui HUANG Rui
(College of Nuclear Technology and Automation Engineering, Chengdu University of Technology, Chengdu 610059, China)

Abstract Background: In recent years, X rays are widely used in various fields. With the rapid development of
national economy, the demand of high quality, high reliability, and high stability miniature X-ray tube has grown
rapidly. As an important core component of miniature X-ray tube, high voltage power supply has attracted wide
attention. Purpese: To match miniature, the high voltage power supply should be small, lightweight, good quality, etc.
Based on the basic performance requirements of existing micro-X-ray tube high voltage power supply, this paper
designs an output from 0 to —30 kV adjustable miniature X-ray tube voltage DC power supply. Compared to
half-bridge and full-bridge switching-mode power supply, its driving circuit is simple. With working on the linear
condition, it has no switching noise. Metheds: The main circuit makes use of DC power supply to provide the energy.
The resonant Royer circuit supplies sine wave which drives to the high frequency transformer’s primary winding with
resultant sine-like high voltage appearing across the secondary winding. Then, the voltage doubling rectifying circuit
would achieve further boost. In the regulator circuit, a feedback control resonant transistor base current is adopted. In
order to insulate air, a silicone rubber is used for high pressure part packaging, and the output voltage is measured by
the dividing voltage below —5 kV. Results: The stability of circuit is better than 0.2%/6 h and the percent of the
output ripple voltage is less than 0.3%. Keeping the output voltage constant, the output current can reach 57 pA by
changing the size of load resistor. This high voltage power supply based on resonant Royer can meet the requirement
of miniature X-ray tube. Conclusions: The circuit can satisfy low noise, low ripple, low power and high voltage
regulator power supply design. However, its efficiency is not high enough because of the linear condition. In the next
design, to further reduce power consumption, we could improve the efficiency by controlling the current of resonant
circuit.
Key words High voltage DC power, Resonant Royer, Voltage doubling rectifying circuit
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