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Abstract— In this paper a power supply has been developed 

for capacitor-charging applications using a series resonant 

circuit topology, a constant on-time/variable frequency 

control scheme, and zero current switching techniques. The 

CCPS is based on a series resonant topology and uses 

IGTBs as switching devices. The proposed CCPS operates 

over a wide range of load conditions (varying from nearly 

short-circuit when the capacitor has no charge to nearly 

open-circuit when the capacitor is almost fully charged). 

This kind of performance can be best achieved by supplying 

a constant charging current: the instantaneous output power 

then is minimal at the charge beginning and maximum at the 

charge end. A high voltage capacitor charging power supply 

(CCPS) developed 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 Transversely Excited Atmosphere 

Carbon-dioxide (TEA CO2) laser at 200 Hz repetition rate. 

The main circuit structure of CCPS and a theoretical method 

for designing of various components of CCPS along with 

table top model testing has been analyzed in this paper. The 

results indicate that this design is feasible for use in 

capacitor-charging applications. 
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I. INTRODUCTION 

Pulsed power systems have led to an increase in power 

requirements of high voltage (HV) capacitor charging power 

supplies (CCPS). The power supplies for TEA CO2 lasers 

have features of special interest. A variety of pulsed carbon-

di-oxide laser is TEA laser. This is inherently a pulsed 

device rather than a continuous laser. TEA CO2 lasers have 

advantages of high efficiency, high power and good beam 

quality, it is used widely in areas such as industry and 

national defense. The requirements of its charging power 

supply are high output power, high repetitive rate charge 

and high precision of charging voltage [1]. Hence, the 

requirements for a power supply charging the capacitors are 

severe. The main requirements for these applications should 

be as follow [2]: 

1) Charging voltage regulated up to few kV. 

2) Charging time as low as few ms. 

3) The capability of withstanding short circuit conditions. 

The CCPS is different from conventional DC power 

supply as it operates over wide range of load conditions 

varying from short circuit to nearly open circuit. This 

feature is achieved as CCPS is a constant current source. 

The basic topology used in CCPS is series loaded resonant 

converter, with switches and resonant components 

(inductors and capacitors) connected to the low voltage 

(560V) side and rectifiers on the high voltage side of the 

transformer. This topology allows higher operating 

frequency making the power supply compact and minimizes 

the switching losses near to zero. Reduction in switching 

losses improves the efficiency of the power supply. The 

voltage regulations required for charging the storage 

capacitor to desired voltage is achieved easily by regulating 

the low voltage side of the CCPS. The complete block 

diagram of CCPS unit has been shown in Fig.1.  

The main storage capacitor Cm is charged maximum to 

50 kV with the help of capacitor charging power supply 

(CCPS). The CCPS however does not generate voltage up to 

50 kV rather it generates 5 kV DC and charges a primary 

capacitor C. The CCPS for the current laser system is 

designed to charge a primary capacitor C (4.5μF) up to 5 kV 

in 4ms time. The CCPS is capable to charge the capacitor at 

a rate of 16 kJ/s. The energy stored in the primary capacitor 

is transferred to a main storage capacitor Cm with the help 

of a IGBT based two-switch forward converter and a step up 

high voltage pulse transformer. The CCPS charges the main 

storage capacitor only after getting command from main 

laser controller. From main laser controller, command to 

operate the laser in single shot or repetitive mode is given. 

 
Fig. 1: Complete Block Diagram of CCPS 

II. IGBT BASED FULL-BRIDGE RESONANT CONVERTER 

IGBT’s are high power switches that can be turned on and 

off by applying a control voltage of the order of 15V at the 

gate. The gate driver is only required to deliver current (and 

power) during the turn-on and turn-off transitions. The 

switching frequencies of IGBTs are ranging from few 

hundred Hz to tens of kHz. In full-bridge converter, four 

switches have been used, thereby increasing the amount of 

switching device loss [3].  At high power level it is 

recommended to use full-bridge structure in primary side 

[4]. 
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A. Principle of Series Resonance Converter 

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 

[2]. 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. 

 
Fig. 2: (a) Full-bridge Series Resonant Converter 

 
Fig. 2: (b) Equivalent Circuit of Series Resonant Converter 

The current and voltage are forced to pass through 

zero using Lr Cr resonance circuit. The resonance inductor Lr 

includes leakage inductance of high frequency transformer 

T.   

Resonance occurs when the voltage and current at 

the input terminals are in phase. This corresponds to a 

purely real admittance, so that the necessary condition is 

given by – 

ωC – 1/ωL = 0 

The resonant condition may be achieved by 

adjusting L, C, or ω. Keeping L and C constant, the resonant 

frequency ωr is given by:       

Resonance is at the frequency, 

𝜔𝑟 =
1

√𝐿𝐶
 

𝑓𝑟 =
1

2𝜋√𝐿𝐶
 

The characteristic impedance Zr of the bridge load is given 

by: 

𝑍𝑟 =  √
𝐿

𝐶
 

Where, Zr and fr are extracted from Cr and Lr, 

operating the circuit at a frequency fs < fr / 2, all switches 

and anti-parallel diodes turn on and off at zero current. 

Therefore switching losses are reduced to a minimum and 

no snubbers are required.  

III. SRC DESIGN 

The required parameters of the CCPS are summarized 

below: 

A. Specifications of CCPS 

1) Input Mains Requirement - Input Voltage: 400AC ±10%, 

47 - 53Hz, 3 phase + Earth   

2) Performance requirements -  

1) Rated Output voltage:  5kV  

2) Rated Output charging current:    6A  

3) Output polarity: Positive (Negative terminal at earth) 

4) Charging rate:  15 kJ/s   

5) Maximum frequency of pulsed discharge operation: 200 

Hz  

6) Output Current regulation:   ≤ ± 1% (Line and Load)  

7) Efficiency:   ≥ 89% at full load 

At resonance, the impedances of the inductance & 

capacitor cancel each other. So the load appears as a 

resistance. If the bridge output is a square wave at frequency 

fr, the LC combination acts as a filter, passing the 

fundamental frequency and attenuating the harmonics. If the 

third and higher harmonics of the square wave bridge are 

effectively removed, the voltage across the load is 

essentially a sinusoid at the square wave‘s fundamental 

frequency. 

The resonant frequency is calculated using the analysis 

for RLC series resonant circuit [12] – 

LrCr

fr

2

1


96
10400103.62

1








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 Discontinuous 

Conduction Mode (DCM).  

B. Modes of Operation: 

According to the relationship between fs and fr different 

operating modes of series resonant converter can be defined 

[3] [5] – 

1) 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. 

2) 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. 

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

Current Continuous Mode (CCM). 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 relatively higher. 

Power loss and EMI are relatively smaller. This control 

mode is applied to high power CCPS. 

4) 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. 

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

Discontinuous Current Mode (DCM). The switching 

device will work in soft switching state. The average 

output current is smaller and the power loss and EMI 
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are smaller too. This control mode is generally applied 

to low power CCPS.  

TEA CO2 laser requires high power charging 

power supply as well as lesser switching losses and EMI. 

Hence, fs = 0.5fr is selected widely. 

IV. HIGH VOLTAGE TRANSFORMER 

The high voltage high frequency transformer is required to 

boost the voltage from 560V to 5kV. This transformer is 

shown in part (f) of Fig.1. The step up ratio provided by this 

transformer is 1:10. The transformer consists of single 

primary and secondary split into eight windings wound on 4 

pairs of C type cores (Philips make U-96 core). This type of 

split winding is required to divide the output voltage such 

that the voltage across each winding is below the safe rating 

of rectifier diodes (maximum operating voltage of diode = 

1.2 kV) used for full bridge rectification. In present case 

voltage across each secondary winding is only 640 V. 

V. HIGH VOLTAGE FULL-BRIDGE RECTIFIER 

The output from high voltage high frequency transformer is 

rectified using full bridge rectifier. Since there are eight 

windings therefore output from each secondary winding is 

rectified using an independent rectifier. After rectification 

all the eight rectifiers are connected in series to achieve 

maximum output voltage of 5 kV. The soft recovery of 

diodes in the present scheme inherently takes place due to 

sinusoidal nature of current through it. This reduces the 

electromagnetic radiation problem as well as increases the 

life of diodes. 

VI. HIGH VOLTAGE RESISTOR DIVIDER 

The purpose of providing resistor divider is to split the total 

voltage in desired number of parts. This facilitates feedback, 

safe measurements and display options. The voltage 

measured across one of the resistor passes through low pass 

filter to reduce the switching noise. This signal is given to 

CCPS controller (Fig.1.) to maintain output voltage at set 

level. The voltage level is also displayed on a Digital Volt 

Meter (DVM) mounted near primary capacitor. A second 

parallel voltage divider has also been provided to monitor 

primary capacitor voltage always less than 5.05 kV. This 

information is also going to CCPS controller. If voltage is 

more than 5.05 kV then CCPS controller stops the primary 

capacitor charging and sends ‘CCPS fault’ to main laser 

controller display. 

VII. EXPERIMENTAL RESULTS 

Experiments were carried out to test the performance of the 

CCPS. The experimental setup is shown in Fig.3. 

 
Fig. 3: Experimental setup for testing of table top model of 

CCPS 

The following experimental testing waveforms and 

readings are captured at the operating frequency of 5 kHz 

using a resistive load for the discharging of output load 

capacitor and input is taken from a variable DC Power 

supply.  

Fig.4. shows that the output capacitor charges at 

high frequency and after the capacitor has charged up to 5 

kV the resonant current stops and frequency of the circuit is 

reduced. When the output capacitor is fully charged up to 5 

kV the resonant current reduces as the switching frequency 

reduces from 48 kHz to 4 kHz. Hence, it shows that the 

variable switching frequency operation is taking place here. 

The capacitor gets fully charged up to 5 kV in 2.75 ms. 

 
Fig. 4: Capacitor Charging Waveform, Switching Voltage 

Waveform and Resonant Current Waveform 

Zero current switching operation of CCPS is shown in Fig.5. 

 
Fig. 5: Waveform of Series Resonant Current and Switching 

Voltage 
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Fig.6. shows that the capacitor is charging linearly 

and discharging exponentially. Hence, the CCPS is 

operating from nearly short circuit to open circuit condition. 

Also the frequency is varying from 4kHz during discharging 

to 48 kHz during charging. 

 
Fig. 6: Waveform of Charging and Discharging of output 

Capacitor (single pulse) 

 
Fig. 7:  Charging and Discharging waveform of 5kV CCPS 

Fig.7. shows that the CCPS is charging load 

capacitor linearly upto 5 kV and discharging it 

exponentially. The capacitor is discharged through an IGBT 

switch and the load resistor as output load. 

The final load for the CCPS is the Pulse TEA CO2 

Laser. The switching frequency is 48 kHz. The peak to peak 

resonant current is 200 A during capacitor charging 

VIII. CONCLUSION 

The development of 5 kV Capacitor Charging Power Supply 

has been performed successfully. The topology uses series 

resonant tank and varying the switching frequency, it would 

be possible to enable soft switching using ZCS technique. 

The inverter design has been validated by experimental 

testing on table top model. The resonant switching technique 

is implemented on full bridge resonant converters. After 

analysis, it can be concluded that with this type of 

controlling technique, the ripple frequency of the output 

voltage increases and the ripple magnitude decreases. Thus, 

the requirement of size of output filters decreases. All the 

components of the CCPS has been assembled in a cabinet 

and connected to TEA CO2 laser for its operation. 
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