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Abstract - The use of electromagnetic induction lamps 

without electrodes has increased because of their long life 

and energy efficiency. The control of the ignition and 

luminosity of the lamp is provided by an electronic 

ballast. Beyond that, the electronic ballast also provides a 

power factor correction, allowing the minimizing of the 

lamps impact on the quality of service of the electrical 

network. The electronic ballast includes several blocks, 

namely a bridge rectifier, a power factor correcting 

circuit (PFC), an asymmetric half-bridge inverter with a 

resonant filter on the inverter output, and a circuit to 

control the conduction time ot the ballast transistors. 

Index Terms – SEPIC, PFC, electrodeless lamp, ressonant filter, 

inverter 

 

I – INTRODUCTION 

Nowadays the efficiency of energy consumption is 

an issue that requires everybody’s attention. If on one hand 

the concern is pollution, on the other hand is the dependence 

of petroleum products. One way to save electricity is to 

increase the efficiency of electric lighting systems (either 

lamps or systems for controlling lamps etc).  

This project involved the studying of an electronic ballast for 

controlling the brightness of an induction lamp. The lamp has 

a power of 80 W, and the electronic ballast is  operated at a 

switching frequency of 100 kHz and powered by the electric 

network (230 V and 50 Hz) .  

This work is divided into five sections. In section  II the 

induction lamp and its main characteristics are described, in 

section III the electronic ballast blocks and the topologies 

available for each one are presented and discussed, in section 

IV the experimental results are presented and compared with 

simulation results and finally section V contains the 

conclusions. 

II – INDUCTION LAMP 

Electromagnetic induction lamps, enabled to 

overcome some technical limitations of the fluorescent lamps, 

in such areas as starting, dimming and energy efficiency. The 

induction lamps have long duration (can reach one hundred 

thousand hours of operation), and can save 50% in 

maintenance costs and energy consumption over its lifetime, 

compared with the mercury lamps and the sodium vapor 

lamps commonly used in commercial and industrial 

applications.  

In the induction lamp [1], [2], [3] the electric current in the 

coils generate a magnetic field in the glass tube containing a 

gas mixture  and mercury. The electromagnetic field excites 

the mercury atoms, by increasing the energy of their 

electrons. But, when the electrons  lose energy, they emit 

ultraviolet radiation. This UV radiation is converted to visible 

light, when incident on the phosphor layer which is deposited 

on the inner surface of the tube. 

The electrical model of the induction lamp is related  to 

described working principle. Several models developed for 

induction lamps are based on the theory of the transformers, 

[1], [2], [3]. An example is the scheme of figure 1, in which 

the electrical diagram, [2], takes into account the conductivity 

of the plasma, the equivalent resistance of the ferromagnetic 

core and the equivalent reactance of the lamp (leaving out the 

room temperature, the inductance leakage of the coils, the 

electrical resistance of the coil and the magnetic coupling 

coefficient between the lamp and the inductive coil). An 

analytical approximation of the model parameters can be 

written recurring to polynomial functions which depend on 

the power applied to the lamp. The model of the induction 

lamp is represented in Figure 1 (a), where Rlamp is the 

parasitic resistance of the plasma and Clamp depends on the 

parasitic capacitance between the plasma and the inner 

surface of the lamp and on the parasitic capacitance of the 

coils. The parallel circuit consisting of Rlamp and Clamp is 

used to calculate the total impedance of the lamp. This model 

can be reduced to the primary of the transformer, figure 1 (b), 

wherein the magnetizing coil is represented by a coil, Lco, 



and the resistance Rco is due to the resistive losses of the 

ferromagnetic core. In figure 1-2 (c) a more simplified model, 

resulting from the parallel association of the circuit elements 

in figure 1(b), is shown.. It should be borne in mind that the 

magnetic coupling factor is very close to 1 and that the 

resistive losses in the coils are negligible compared to 

resistive losses in the ferromagnetic core. 

  

(a) 

 

(b) 

 

(c) 

Figure 1 - Wiring diagrams of the induction lamp based on the theory of 

transformers [1] 

 

III – ELECTRONIC BALAST 

 

The electronic ballast includes several blocks, 

namely a bridge rectifier, a PFC circuit, an asymmetric 

half-bridge inverter with a resonant filter on the inverter 

output, and a circuit to control the conduction time ot the 

ballast transistors..  

The PFC circuit  can be realized by various topologies of DC-

DC converters, such as Buck-Boost, Cuk, SEPIC, Forward, 

and Flyback, among others [4], [5], [6], [7], [8], [9].  

 

In the following the main characteristics of the cited 

converters are presented. 

Buck-Boost Converter - the advantages of this converter 

circuit results from using only two reactive components,  the 

possibility of reducing the number of stages by applying 

techniques of stages integration, having the lowest total 

harmonic distortion (THD) observed and finally it does not 

use a transformer. However it has some important 

disadvantages, such as, requiring an EMI filter and having the 

output voltage inverted in relation to the input voltage.  

Flyback converter – The main advantage and disadvantages 

of this topology results using only two reactive components 

beyond the used transformer. The advantage of using a 

transformer is due to the intrinsic isolation property of the 

transformer. The disadvantages result from the fact that the 

transformer is an expensive cumbersome device, that 

decreases the energy efficiency, and that the integration of 

stages in this topology led to the loss of the intrinsic isolation. 

 Forward converter - the Forward topology suffers from the 

same advantages and disadvantages of the Flyback topology. 

Cuk converter – The existence of an EMI filter is not 

necessary with this converter, and that is his main advantage.  

The disadvantages result from being a fourth-order converter, 

invert the output signal in relation, to the input signal, having 

the worst THD, and the lowest energy efficiency of the 

topologies analyzed;  

 

SEPIC converter - This topology does not require an EMI 

filter, compensates the power factor and has the output signal 

in phase with the input signal. However it has four reactive 

components and has a worse THD than the Buck-Boost 

converter.  



Considered the advantages and disadvantages of 

various topologies, it is understood that the best configuration 

is the SEPIC converter (see Figure 2), to advantages already 

referred  and also because it has high values of the energy 

efficiency and THD, being one of the best in the analysed 

group of 

converters..

 

Figure 2 - Stage PFC (SEPIC) fed by a wave rectified (230 V, 

50 Hz and 100 kHz switching frequency MOS) 

 

The sizing of the SEPIC operating as PFC converter in 

discontinuous conduction mode is used for low power (as in 

this case, 80 W). The main differences compared to the mode 

of continuous conduction mode operation are:  

• In the discontinuous conduction mode, during each period 

of the input signal there is an interval of time where  the diode 

and the transistor are both in a non-conducting state.   

• The conversion gain depends on the load and varies with 

time because the input signal is sinusoidal: 

                                           =  =                      (1) 

 

•Increased efficiency;  

• typically lower powers than in the continuous conduction 

mode (below 300W);  

•Increased ripple;  

• Operation at higher frequencies. 

There are several types of electronic filters (analog, 

digital, passives, actives, etc). There are also several 

methodologies for the design of filters, although the approach 

in this work will be a little different from conventional. The 

filter of the ballast is a passive analog filter that only uses 

reactive elements, inductances and capacitances..Table 1 

helps to clarify the rationale for choice of the filter topology. 

 

 

Table 1 - Summary of the main characteristics of LC filters, 

when used with an induction lamp [10] [11]. 

 

Considering the characteristics in table 1 an LCC 

filter was chosen. However due to the equivalent circuit of the 

lamp the equivalent filter will be composed by a series LC 

circuit in series with parallel LC circuit. The main advantages 

of this type of filters are [10]:  

• Allows instantaneous start up simultaneously with the soft-

switching .  

• Bandpass filter - can eliminate the DC component and 

harmonics above the fundamental one.  

• Existence of a coil in parallel  

 

Figure 3 - LC-LC filter with load resistance 

 

The inverter [8] is responsible for generating a square wave 

with a DC component (DC) from a DC voltage provided by 

the output capacitor of the previous stage (PFC). If a 

bandpass filter is placed at the output of the inverter, and the 

load is resistive the output signal is a sinusoidal voltage and 

the current at the load is also sinusoidal.  

Series LC L C LC LC L LC 

Shunt   C LC C L LC LC 

Quick 

dynamic  e 

soft-switching 

No Yes No Yes No Yes Yes 

Band Pass 

Filter  
Yes No No Yes Yes No Yes 

Existence of a 

coil in parallel 

with the load 

No No Yes No Yes Yes Yes 



  The inverter considered topologies and their characteriscs 

are presented in Table 2. The choice lies with the inverter 

Asymmetrical Half-Bridge, since it only uses two MOSFETs 

and needs no further devices. The disadvantage of this 

topology is that only provide half the DC voltage supply (on 

average) to the load, which often precludes the use of this 

topology loads when requiring relatively high power. In this 

case low power  is needed (about 80 W), so the power 

limitation does not prevent the operation of the lamp. 

 

Table 2 – Comparação de diferentes topologias de inversores (V é o valor da 

tensão aos terminais da fonte de tensão DC) 

 

 

Finally, figure 4 shows the complete schematic of the 

electronic ballast. 

 

Figure 4 – Electronic Balast 

 

IV – EXPERIMENTAL RESULTS 

Experimental results have been obtained using a duty cycle of 

about 36.11%, the circuit being powered by a continuous 

voltage source of 230 V (with exception of Figure 4.7 b), 

which feeds the circuit with a voltage 200 V (50 Hz) that is 

obtained using an auto-transformer model "CHUAN HSIN"). 

The material used for the signals from the printed circuit 

board are as follows:  

•Tektronix AM503 TM502A CURRENT PROBE 

AMPLIFIER  

•Tektronix P5200 High Voltage Differential Probe  

•Oscilloscope Tektronix TDS 2014  

 

The external coils of the lamp were dimensioned to a work 

with a frequency of 250 kHz. However due to limitations in 

the components available the ballast has a switcfing 

frequency of only 100kHz. So there has been some problems 

with the ignition of the lamp and the presented results were 

obtained with the lamp off.  The lamp was ignited only when 

the input voltage was about 280V. The non sinusoidal aspect 

of the voltage and the current at the load results from the 

variation of the load with the applied voltage. 

 

(a) 

 

(b) 

Figure 5 - a) voltage at the load obtained by simulation; b) voltage at the 

load obtained experimentally (attenuation 500 times) yellow and load 

current (attenuation of 5 times) the purple 



 

(a) 

 

(b) 

Figure 6 - a) Voltage on the capacitor CBUS obtained by simulation; b) in 

condenser voltage C1obtida experimentally (attenuation 500 times) 

 

(a) 

 

(b) 

Figure 7 - a) current obtained by simulation; b) Current at the input obtained 

experimentally (attenuation of 5 times) 

 

V – CONCLUSIONS 

Overall we managed to get a relatively robust electronic 

circuit (electronic ballast). This circuit within the limitations 

mentioned above (the chokes coils operate at a lower 

frequency to the frequency of light) can operate at mains 

voltage. This circuit is divided into two subcircuits, the 

control circuit of the transistor and the power circuit (which 

feeds the lamp). 
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