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Abstract: In this paper the charging technique used in PMM (Pulsed Magnetron Modulator) of ICT (Industrial Computerized 
Tomography) system is introduced. This charging technique is based on the high frequency series resonant inverter technology, 
which is applied in many kinds of power supplies or modulators. For high spatial resolution and high density resolution in ICT, 
the required precision of output voltage between pulses of PMM is more than 99.9%. Based on the requirement of output 
parameters of PMM (shown in Table 1), a two-stage series resonant charging technique is adopted. First stage is fast-charging 
stage which lasts 2ms, and the PFN (Pulse Forming Line) could be charged to 97% of rating voltage in the end of the stage. 
Second stage is slow-charging stage which lasts 0.6ms and ensures the voltage of PFN varies less than 0.1% between pulses.  
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0B1  INTRODUCTION 

In ICT system the resolution of the object is much 
related with the output power of X-ray source [1-4]. When the 
power of X-ray source varies little during the time of scanning, 
high spatial resolution and high density resolution could be 
gotten. The X-ray source power is determined by the power of 
microwave radiated by magnetron, and essentially is 
determined by the output power of PMM. If the output power 
of PMM is relatively stable, the microwave power is certainly 
keeping invariant and the X-ray source power is always the 
same when scanning. So the PMM is one of key devices in 
ICT system [5-8].  

The required output parameters for a 6MeV ICT system 
are shown in Table 1. It’s obvious that the precision of output 
voltage between pulses of PMM should be more than 99.9%. 
Due to the load character of magnetron close to pure resistor, 
the microwave power is much related to the output voltage of 
PMM. So the voltage stabilization technique is the key in 
PMM.  

 

1B2  PRINCIPLE 
The diagram of PMM is shown in Fig. 1. PMM is 

powered by three-phase AC380 V (50 Hz) electric grid. Eight 
IGBTs and two couples of resonant inductor and resonant 
capacitor form two H-bridge inverters, and each inverter is an 
independent stage charging the PFN through the boost 
transformer and high frequency rectifier. When the thyratron 
is triggered the PFN is discharging to the magnetron through 
the high voltage pulse transformer.  

If a sole stage of H-bridge inverter charging is adopted in 
PMM, due to the required precision of voltage there should be 
1000 times of charging in less than 4 ms. That means the 
charging frequency should be more than 250 kHz. But in such 
working statement the reasonable H-bridge switches and core 
material of transformer is hard to find and the control system 
is also complicate. By two-stage charging only 50 kHz is 
needed.  

The difference between two stages is the resonant 
resistance in the circuit, which could be calculated by 
Formula-(1).  

 

 
Fig. 1  Brief diagram of PMM 
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where: R: Resonant resistance; 
Lr: Resonant inductance; 
Cr: Resonant capacitor. 

R is much smaller in first charging stage than that in 
second charging stage. Low R means high resonant current. 
And resonant current is the primary equivalent value of 
charging current. So by reasonable design of resonant 
parameters, the PFN could be quickly charged to nearly the 
rated value in 2 ms-3ms and then in left time PFN could be 
slowly charged to satisfy the precision requirement. 

 
Table 1  Brief Output parameters of PMM 

Output voltage (peak) 48 kV 
Output current (peak) 110 A 

Pulse repetition frequency 250 Hz 
Pulse Width 5 µs 

Stabilization precision of pulse top ≮ 99% 

Stabilization  precision of output voltage 
between pulses 

≮ 99.9% 

 
 

3  EXPERIMENT RESULT 
The voltage waveform of PFN is shown in Fig. 2. And 

Fig. 3 is the partial enlarged image of the turning point of 
two-stage charging. According to those waveforms, the 
procedure of charging is lasting less than 3 ms. First fast-
charging stage lasts 2 ms, and the PFN is charged to 20.63 kV 
(nearly 97% of rating voltage). Second slow-charging stage 
lasts 0.6 ms, and PFN is charged to 21.23 kV in the end. And 
0.8 ms later PFN starts discharging.  

 
Fig. 2  Voltage of PFN 

 
The average charging current of each stage could be 

calculated by Formula-(2).  
I·Δt = C·ΔU                                                        (2) 

where:  I:  Average value of charging current; 
Δt: Charging duration; 
C: Equivalent capacitor of PFN; 
ΔU: Variable value of PFN voltage. 

According to the data in Fig. 2 and Fig. 3, the average 
value of each stage charging current is calculated, 1 A in first 

stage and 0.1 A in second stage. Correspondingly the average 
value of two-stage resonant current is known due to the ratio 
1:50 of the boost transformer. And the main charging 
parameters are shown in Table 2. 

 
Fig. 3  Turning point of charging 

 
Table 2  Brief charging parameters 

Charging frequency 50 kHz 
Fast-stage period and resonant current 

(average value) 
2 ms/50 A 

Slow-stage period and resonant current 
(average value) 

0.6 ms/5 A 

 
The output pulse waveform of PMM is shown in Fig. 4 

and the 255 Hz repetitive pulse output is shown Fig. 5. It’s 
obvious that the output peak voltage is up to 50 kV. And 
according to the measured data the peak value varies less than 
0.1% between pulses. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4  Output pulse of PMM 
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Fig. 5  Repetitive Pulses of 255 Hz 

2B4  CONCLUSIONS 
Since the output precision of the PMM relates to the 

charging frequency and the charging current, a feasible two-
stage series resonant charging technique is adopted in the 
PMM of ICT system. With two relatively independent 
charging circuits and varied charging current, the technique 
realizes the fast charging which satisfies the energy 
requirement and the slow charging which satisfies the 
precision requirement. And the output precision between 
pulses is up to more than 99.9%.  
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