
Development of Battery Powered High Power Oscillator  
for Portable Power Supply 

 
Rishi Verma, Anurag Shyam, V Chaudhary, R Shukla, Surender Sharma, Partha Bannerjee  

 
Pulsed Power Group, Institute for Plasma Research, Bhat, Gandhinagar, 382428, INDIA, rverma@ipr.res.in 

 
 

Abstract – The increased interest in pulsed power 
field applications has generated the need for devel-
opment of compact and remotely operated power 
supplies powered by batteries as a primary power 
source.  But battery powered supplies require DC 
to AC Conversion topology of suitable type, de-
pending on power handling capacity. For DC to 
AC inversion a full bridge high power inverter has 
been developed.  
Full bridge topology has been adapted because fly-
back and half bridge topologies have limitations of 
power handling up to 60W and 150W respectively, 
beyond these limits they start behaving in erratic 
manner. Developed inverter has power handling 
capacity of 500W (i.e. 12V, 42A). The main reason 
for the demand of high power levels is the desire to 
operate compact pulsed power devices at high 
repetition rates from few 10’s to 100’s of Hz. The 
switching frequency of oscillator has been kept suf-
ficiently high (i.e. 10 kHz) so that size of the trans-
former gets reduced as well as regulation and rip-
ple in Cockroft Walton Multiplier output gets bet-
ter. 
This paper mainly focuses on design, DC to AC 
conversion efficiency and test results of developed 
500Watts high power Oscillator.  It has been pow-
ered by normal 12V, 160Ah lead acid automobile 
battery. 

1. Introduction 

With the introduction of the transistor in the early 
1950's, and especially with the development of inte-
grated circuits from the early 1960's onwards, design-
ers of electronic equipment, computers and instrumen-
tation have increasingly demanded smaller, more effi-
cient power sources to supply their equipment. There-
fore, to meet this demand, the power supply itself has 
become more and more sophisticated.  
In fact the developments in power supply technology 
can be directly linked to the introduction of various 
power semiconductor devices.  
The developments which took place in the power sup-
ply technology in recent years are shown in Fig 1.  

Most commercial switch-mode power supplies in 
the market to-day operate in the frequency range 10 
kHz to 50 kHz. There is now a growing trend in re-
search work and new power supply designs in increas-
ing the switching frequencies upwards to 100 kHz and 

above. The reason is to even further reduce the overall 
size of the power supply. 
 

 
 

Fig 1. Power supply family tree 
 

Inverter section is the most complicated part in the 
switch mode power supplies that converts DC to high 
frequency AC. As shown in the family tree (Fig 1) 
popular topologies for inversion (DC to AC) are fly-
back and Full Bridge.  

Flyback operates with single switch. The main dis-
advantage of the single switch topologies is the need 
for the high voltage blocking capability of the transis-
tor switch (twice the DC input voltage), especially 
when operating from a rectified AC mains supply. 
Also the single switch topology is not an ideal solution 
for higher power converters, where the current rating 
of the transistor switch needs to be much greater. 
Therefore another group of isolated converters utiliz-
ing more than one switch can be identified. The three 
multiple switch topologies are half-bridge, full-bridge 
and push-pull converters. 

The full bridge converter is similar to the push pull 
converter, but a centre tapped primary is not required. 
The reversal of the magnetic field is achieved by re-
versing the direction of the primary winding current 
flow. This type of converter is found in high power 
applications. 

[ ] )1(..............................21, ,qTqTf
N
NVinVout onon

p

s +××⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
×=  

 
Vout=Output Voltage - Volts 
Vin =Input Voltage - Volts 
Ns=0.5 x secondary turns 
Np=primary turns 
f = operating frequency - Hertz 
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Ton, q1 = Q1 & Q4 conduction time - Seconds 
Ton, q2 = Q2 & Q3 conduction time - Seconds 

The waveform of full bridge converter is shown in 
Fig 2. Diagonal pairs of transistors alternately con-
duct, thus achieving current reversal in the transformer 
primary. This can be illustrated as follows - with Q1 
and Q4 conducting, current flow will be 'downwards' 
through the transformer primary and with Q2 and Q3 
conducting, and current flow will be 'upwards' through 
the transformer primary. The control circuit monitors 
Vout and controls the duty cycle of the drive waveform 
to Q1, Q2, Q3 and Q4.  

 
Fig 2. Full Bridge Converter Topology 
 

2. Oscillator Description 

Full bridge inverter as shown in Fig 2 utilizes 
MOSFET as the switching element though require-
ment is for low voltage and high current. The rating of 
low loss HEXFET power MOSFET used is 60V, 70A. 
The MOSFET based oscillator converts the input 12V 
DC into an AC square wave of 10 kHz frequency.  
There is a provision to vary the frequency within a 
limited band on the upper side i.e. above 10 kHz.  The 
oscillator unit is protected against an over current con-
dition on the output side, and also for under voltage 
condition on the input side. 

 

 
Fig 3. Basic function of oscillator 

 
Any oscillator module necessarily consists of pulse 

width modulator, driver, transducer for current sensing 
and snubber protection. These components have been 
discussed in the following sub-sections. 
 
 

2.1 PWM Controller  

Individual MOSFET’s are controlled by PWM signal. 
The base frequency of our PWM signal is 10kHz 
which is manly limited by switching losses in the 
MOSFET. Pulse width modulation (PWM) is a power-
ful technique for controlling analog circuits with a 
processor's digital outputs. PWM is employed in a 
wide variety of applications, ranging from measure-
ment and communications to power control and con-
version.  

The Fig. 4 shows PWM outputs at various duty cy-
cles i.e. 10%, 50% and 90% duty cycles. 

 
Fig 4.  Various duty cycles generated by PWM 

 
To avoid high currents at the beginning of charge 

cycle the duty cycle of the PWM is varied from 0 to 
50%. The PWM controller IC used in the oscillator is 
KA3525A, 16 pin IC. It is a monolithic integrated 
circuit that included all of the control circuit necessary 
for a pulse width-modulating regulator. The chip in-
cludes a voltage reference, an error amplifier, a pulse 
width modulator, an oscillator, under-voltage lockout, 
soft start circuit and output drivers. The functional 
block diagram of the IC is shown below. 

 

 
Fig 5. Functional diagram of PWM controller IC 

 
The output of the PWM controller IC is given to 

the driver ICs i.e. IR2106S. 
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2.2 Driver  

The Mosfet driver IC used is IR2106S, 8 pin IC.  It is 
a high speed power MOSFET and IGBT driver with 
independent high and low speed referenced output 
channels. Latch immune CMOS technologies enable 
ruggedized monolithic construction. The logic input is 
compatible with standard CMOS output.  The output 
driver features a high pulse current buffer stage de-
signed for minimum driver cross-conduction.  The 
floating channel can be used to drive an N-channel 
power MOSFET or IGBT in the high side configura-
tion.  

 
Fig 6. Block diagram of IR2106S 

 
2.3 Current Transducer  

Current transducer used in the oscillator is LAS 50-TP 
(LEM, Switzerland). It enables the user to take advan-
tage of intrinsic benefits of isolated Hall-effect based 
current measurement with high accuracy, fast response 
and wide bandwidth. The maximum operating fre-
quency of LAS 50-TP is 100 kHz, current drawn is up 
to 150A, and voltage applied 5V. 

 
Fig 7. Picture of LAS50-TP sensor 

This type of transducer combines the features of 
both open loop transducers and closed loop transduc-
ers, some errors, such as temperature drift and gain 
drift peculiar to open loop transducers were limitations 
of the design.   

 
2.4 Snubber Protection 

Reliable operation of a switch demands that its speci-
fied ratings should not be exceeded.  There may be 
false triggering of switch due to high value of dV/dt. 
A spurious signal across gate-cathode terminals may 
lead to unwanted turn-ON.  So switch must be pro-
tected against all such abnormal conditions for satis-
factory and reliable operation.  If the rate of dV/dt is 

high then the charging current will be more.  This 
charging current plays the role of gate current and 
turns ON the switch even when the gate signal is zero.  
Such phenomena of turning on must be prevented. The 
rate of raise of forward anode to cathode voltage 
(dV/dt) must be kept below the specified rated limit.  

 

 
Fig 8. Snubber Circuit for dV/dt Protection 

Snubber circuit is series combination of resistance 
R and capacitance C in parallel with the switch used.  
Capacitor in parallel with the device is sufficient to 
prevent unwanted dV/dt triggering.  When the switch 
is closed, a sudden voltage appears across the circuit.  
Capacitor behaves as a short circuit.  Therefore the 
voltage across the MOSFET is zero initially.  With the 
passage of time, voltage across C builds up at a slow 
rate such that dV/dt across C and therefore across 
MOSFET is less than the specified maximum dV/dt 
rating of the device.  Before the gate pulse fires 
MOSFET, capacitor charges to full voltage Vs.  When 
the MOSFET is turned on, the capacitor discharges 
through the MOSFET and sends a current equal to Vs/ 
(resistance of local path formed by C and MOSFET).  
As this resistance is quite low, the turn on di/dt will 
tend to be excessive and MOSFET may get destroyed.  
In order to limit the magnitude of discharge current, a 
resistance R is inserted in series with C as shown in 
the above figure. The MOSFET used i.e. IRFP064 has 
a dV/dt rating of 4.5V/ns. So the value of the capaci-
tors is selected accordingly i.e. snubber capacitor is 
rated as  0.47µf, 1000V and resistor is rated as 5kΩ, 
2 W.  

3. Operation and Test Results 

The working block diagram of an oscillator module is 
shown in figure below. 
 

 
Fig 9. Functional block diagram of Oscillator 
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The battery used in this experiment is 12V, 160Ah.  
When 12V DC is applied, the capacitor is charged 
through the Pre-charge resistor (100Ω).  The Pre 
charge resistor limits the charging current of C 
(1000µF, 50V), which would otherwise be very high.  
The UV detect circuit monitors the voltage Vcc across 
the capacitor C.  When the voltage Vcc has reached 
about 11 V, the UV detect circuit generates the DC 
OK signal, which energizes relay RL1.   

When the START command is given, the PWM 
generator produces the control pulses, which are given 
to the MOSFET drivers.  Two pulse trains, comple-
ment to each other, are generated, with a frequency of 
10 kHz. The MOSFET drivers provide the current 
driving capacity to drive the gate of the power 
MOSFET’s (Q1 to Q4).  It forms inverter and gener-
ates an AC square wave of the frequency of the con-
trol pulses.  The output develops with a “soft start” i.e. 
the pulse width of the output starts from zero, and 
gradually reaches the full value. This prevents a load 
current surge, which is especially important when the 
load is a transformer.  The UV detect circuit monitors 
the voltage Vcc, and generates a trip signal when Vcc 
falls below 10.5V, and disables the PWM generator.  
The OC detect circuit takes feedback from a current 
sensor LEM1.  This is compared with a set value.  
When the oscillator load current exceeds 125% of the 
rated, the OC detect circuit generates an OC Trip, this 
also disables the PWM generator thus shutting down 
the oscillator. 

Oscilloscope traces of the voltage and current 
waveforms at 10 kHz frequency are shown below – 

 
Fig 10. Oscilloscope traces across resistive load 

 
Current has been monitored by using standard 

Pearson Current Monitor (Model No: 5664) having 
sensitivity of 0.001V/A. High power oscillator has  
 

been successfully operated up to its full rating on re-
sistive load. Five nos. of 0.1ohm ceramic disc resistors 
(Make: HVR, U.K) were stacked in series as shown 
below in the experimental setup. 

 

 
 

Fig 11. Entire experimental Setup under test 

4. Conclusion 

An air cooled full bridge high power oscillator has 
been successfully tested. It has been designed and 
tested to utilize maximum amount of power possible 
from batteries. Various improvements have been made 
to avoid damage of MOSFET’s from over voltage due 
to higher switching frequency and stray inductance. 
This includes compact PCB design that incorporates 
full bridge controller and high-speed snubber protec-
tion.  

The next step of appropriate high frequency trans-
former design is under progress. It is being designed 
for the upliftment of 24Vpp, 10 kHz signal to 30kVpp, 
10 kHz. The uplifted voltage will then be fed to 10-
stage full wave Cockroft Walton multiplier producing 
final output of 300kV DC. 
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