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Abstract— The paper describes the simulation of high 

voltage capacitor charging power supply (CCPS) which will 

be used to charge the primary capacitor bank (4.5µF) up to 3 

- 5kV which will be further used to charge the main 

capacitor bank (38nF) up to 50kV (maximum). The 

capacitor bank will be discharged through a gaseous 

medium using high voltage thyratron and will be used to 

operate pulsed Transversely Excited Atmosphere Carbon-

dioxide (TEA CO2) lasers at 200 Hz repetition rate. A high 

frequency series resonant converter topology has been 

adopted for the CCPS.  This topology provides zero current 

switching (ZCS) which reduces switching losses, allows 

higher frequency operation and increases compactness of the 

power supply which overall increases the efficiency of the 

system. The output current of power supply is limited by 

variable frequency control technique. The simulations are 

carried out in ORCAD PSPICE, version 10.5. Simulation of 

results for series resonant converter based capacitor 

charging power supply has been carried out to prove the 

validity of theoretical analysis. 
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I. INTRODUCTION 

TEA CO2 lasers requires a charging power supply which 

have high output power, high repetitive rate charging and 

high precision in charging voltage [1]. In pulsed power 

supplies, capacitor charging power supplies (CCPS) are 

normally used for providing energy to the capacitor. The 

capacitor banks are generally used for primary electrical 

energy storage in pulsed power supplies [2]. The capacitors 

are charged and discharged rapidly into the load. The 

development of high voltage capacitor charging power 

supply for a high power and high frequency pulsed TEA 

CO2 laser based on series resonant converter topology is 

discussed in this paper. The project contains two main 

building blocks, of which first convert three-phase AC 

supply into unregulated DC voltage. The DC voltage is then 

converted by the second block to another DC level with 

isolation and control. The DC-DC converter is based on a 

full bridge variable frequency and constant on-time control 

technique and the isolation is provided by the high 

frequency transformer. Power supplies used in capacitor 

charging applications must repetitively operate over a wide 

range of load conditions varying from nearly short circuit to 

open circuit conditions. The series resonant converter 

topology has been used here is advantageous as it provides 

zero current switching which reduces switching losses, 

allows higher frequency operation and increases 

compactness of the power supply which overall increases 

the efficiency of the system. The output current of power 

supply is limited by variable frequency control technique. 

The switch mode converters have certain disadvantages; 

switches are subjected to high switching stresses and high 

switching power loss which increases linearly with 

switching frequency. Another significant drawback is the 

electromagnetic interference produced by switch mode 

operation. The shortcomings of the SMPS can are 

exacerbated if switching frequency is increased in order to 

reduce converter size, weight and to increase its power 

density. Hence, resonant converters are used here which can 

provide zero voltage and zero current switching.  

Series resonant circuit has simple circuit topology, 

capacity to withstand short circuit conditions, and provide 

constant current characteristics over a wide range of load 

conditions [3]. In series resonance circuit, when switching 

frequency is (fs) is less than half of resonance frequency (fr), 

the resonant current will continuously switched at zero 

current point. The voltage and current are forced to pass 

through zero by LC resonant circuit that minimizes the 

switching losses. 

The resonant CCPS can achieve ZCS easily, 

furthermore as compared to PWM the size of filter and 

inductor used in secondary side of HV transformer can be 

reduced. The frequency sweeping technique has been used 

in the proposed design of CCPS. Our design goal includes 

the development of high voltage capacitor charging power 

supply (CCPS) which will be used to charge the primary 

capacitor bank (4.5µF) up to 3 - 5kV which will be further 

used to charge the main capacitor bank (38nF) up to 50kV 

(maximum). The capacitor bank will be discharged through 

a gaseous medium using high voltage thyratron and will be 

used to operate a pulsed TEA (transversely excited 

atmospheric) CO2 laser at 200 Hz repetition rate. The design 

details and simulation results of CCPS are presented in this 

paper. 

II. CIRCUIT DESCRIPTION 

The detailed circuit diagram of CCPS is shown in Fig.1.  
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Fig.1.Circuit Diagram using ORCAD PSPICE 

A. Analysis: 

The DC-DC series resonant converter circuit diagram is 

shown in Fig. 1. It uses a full bridge topology. The input to 

this converter is 560VDC. The dc-dc converter uses 

switching elements arranged in shape of ‘H’ and are 

operating at high switching frequency. The left hand of H-

bridge is connected to right hand via inductor, capacitor 

(resonant elements) in series. The middle section of H is 

connected to primary side of transformer. IGBT switches are 

used because they have high power handling capability. 

Furthermore, these improve efficiency, regulation and 

reduce size and weight. The series resonant inverter has 

inherent short circuit protection feature due to high source 

impedance which is necessary for capacitor charging. The 

IGBT switches will operate in diagonal manner at frequency 

between 4 kHz to 48 kHz. The LC resonant circuit will force 

the current to pass through zero which results in reduction in 

switching losses. Two IGBTs will be triggered at a time 

with complimentary gate signals (Z1, Z4 and Z2, Z3) which 

will excite the series resonant circuit. High frequency 

transformer provides the desired output voltage of desired 

magnitude as well as the electrical isolation between the 

input and the output. The HV sinusoidal voltage is 

converted to DC voltage using HV full wave rectifier. 

Hence, the current through the resonant tank circuit is full 

wave rectified at the output. The filter capacitor used at the 

output is very large so output voltage across the capacitor 

can be assumed to be a DC voltage without any ripples [4].  

The circuit is operated at switching frequency, fs < 

fr / 2, the switches and anti-parallel diodes turn ON and OFF 

at zero current, so switching losses are minimum and no 

external commutation circuit is required. 

The characteristic impedance of series resonant 

circuit is given by [2] - 

Z = rr CL /  

Resonance frequency (fr),    fr = )/2/(1 rr CL  

Resonant time period,       Tr = rr CL /2  
Where, Lr and Cr are resonant inductor and 

capacitor  
TEA CO2 laser requires high power charging 

power supply as well as lesser switching losses and EMI. 

Hence, fs = 0.5fr is selected widely. Output average current 

of CCPS at this working mode is given by [5] - 

N

CV
I

rrf8 in

0   

Where, Vin is the voltage of input DC source  

fs is the switching or working frequency of the inverter   

N is the turn ratio of high frequency transformer 

Cr is the capacitance of the resonant capacitor 

The CCPS adopted series resonance circuit so it 

has the characteristics of constant current, so it is equal to a 

constant current source to a certain extent. 

III. MODES OF OPERATION 

According to the relationship between fs and fr different 

operating modes of series resonant converter can be defined 

[4-5] - 

When fs > fr - Power supply will work in current 

continuous mode. The switching devices will work in hard 

switching state. The average output current is larger but the 

power loss and EMI (electromagnetic interference) are also 

larger. 

When fs = fr - At resonant frequency switching 

current of the switching devices of inverter will be zero 

theoretically but practically it isn’t true because of the dead 

time. Hence, power loss and EMI can’t be ignored. 

When (1/2) fr < fs < fr - Power supply will work in 

current continuous mode. Switching device of inverter will 

work in zero- current turn-off and small current turn-on 

state. Due to continuous resonant current, the output average 

current is higher relatively. Power loss and EMI are 

relatively smaller. This control mode is applied to high 

power CCPS 

When fs = (1/2) fr - The average output current is 

bigger relatively and also the power loss and EMI is least. 

This control mode is adopted universally. 

When fs < (1/2) fr - Power supply will work in 

discontinuous current mode. The switching device will work 

in soft switching state. The average output current is smaller 

and the power loss and EMI are smaller too. This control 

mode is generally applied to low power CCPS.  

IV. DESIGNING OF CCPS 

A. Parameters  

Primary performance of CCPS is indicated by specifications 

shown in Table 1. 

Input voltage 560DC 

Charging voltage 5kV 

Average charging rate 16kJ/s 

Load capacitor 4.6µF 

Resonant capacitor 400nF 

Resonant inductor 6.3µH 

Table 1: Specifications of CCPS 

The resonant frequency is frequency during which 

the maximum output voltage and current has been produced 

under resonating conditions. It is calculated using the 

analysis for RLC series resonant circuit [5] – 

We know,                  

LrCr

fr

2

1
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 kHz  26.100  

The switching frequency is 48 kHz and resonant 

frequency is 100.26 kHz in the circuit. It satisfies fs < 0.5fr 

and ensures the charging circuit to work at DCM. 

The transformer used for proposed circuit model is 

a high frequency high voltage step-up transformer having 

1:10 turns ratio. 

B. The IGBT Module (Switching Units)  

The IGBT stands for insulated gate bipolar transistor is a 

three terminal power semiconductor device having high 

efficiency and switching speed. These can work at high 

voltages and currents and can be controlled easily. The 

switching units in DC-DC resonant converter in fig.1 are 

IGBT (SEMIKRON make) is rated for 1.2 KV and 300 A. 

C. High voltage high frequency transformer 

The transformer used for proposed circuit model is a high 

frequency high voltage step-up transformer having 1:10 

turns ratio. 

D. High voltage rectifier circuit 

Output of high voltage high frequency transformer is 

rectified using full bridge rectifier. This reduces EM 

radiation problem and increases life of diodes.  

V. SIMULATION RESULTS 

Fig.6. shows the waveform of CCPS for load capacitor to 5 

kV. When charging stops the peak voltage is maintained 

5kV. The voltage of capacitor is rising steadily with 

constant current charging. The resonant current is measured 

at 48 kHz switching during the charging of capacitor bank. 

The switching frequency can be reduced from 48 kHz to 

decrease the outputpower and limit the output current to 

operate power supply over wider range of load conditions.  

 
Fig. 6: Capacitor Charging Waveform 

Fig.7. shows the waveform of series resonant 

current and the switching waveform of CCPS in ORCAD 

PSPICE charge for load capacitor to 5 kV. The ZCS 

technique used in series resonant converter is shaping the 

waveform when current across the switching element is 

zero. The switching frequency here is 48 kHz. 

 
Fig. 7: Series Resonant Current and Switching Waveform 

VI. CONCLUSION 

In this paper, a model of high voltage capacitor charging 

power supply has been designed and simulated. The full 

bridge series resonant converter topology using variable 

frequency control technique has been adopted. From the 

simulation results we see that zero current switching is 

taking place due to resonant converter which results in 

reduction in switching losses. In the proposed model of 

CCPS output capacitor is charging linearly up to 5 kV. 
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