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Abstract – An electronic ballast with high power factor 
(HPF) for high pressure sodium (HPS) lamps is 
presented. Traditionally power factor correction stage 
(PFC) is used to provide HPF to the electronic ballast. 
However, it is used, in this work, an indirect frequency 
changer to achieve this characteristic and to supply high 
frequency to the lamp, which implies, as a consequence, 
in a low frequency (voltage source frequency) 
modulation. This output characteristic applied in HPS 
lamps will be discussed. Following, two different 
modulation strategies are proposed to improve the input 
and output current characteristics. Finally, experimental 
results of a prototype for 250W HPS lamps are discussed. 

 
Keywords – Electronic ballast, indirect frequency 

changer, power factor correction and HPS lamp. 

I. INTRODUCTION 

High pressure sodium lamps have become an attractive 
lighting source for their high luminous efficacy and long life, 
among 24.000 to 32.000 hours. 

However, HPS lamps have negative impedance 
characteristic. This fact does not allow connecting it directly 
to the line source. So it is necessary an element that limits the 
lamp current. This element is called ballast [1]. 

Traditionally electromagnetic ballasts are been used in this 
application, but this elements have some problems: high 
volume and weight; poor regulation, audible noise and low 
power factor [2]. 

Focused in improving those characteristics electronic 
ballasts for HPS lamps have been received great attention in 
recent year. Electronic ballasts operate in high frequency, 
allowing reduction of the volume and weight and avoiding 
audible noise if the switching frequency is high enough. 
Besides, this kind of ballasts permit to control the power 
delivered to the load. 

This last characteristic is the mainly advantage of the 
electronic ballast, since it is possible to save energy if the 
converter is capable of control the power on the lamp without 
a considerable loss of efficiency. The electronic ballast has a 
higher initial cost than electromagnetic ballasts, however, in 
the long run it is more economic because of the energy 
saving. 

Unluckily operating HPS lamps in high frequency can 
generate a serious problem: acoustic resonance. This is 
undesirable because it can generate light output variation, arc 
instability and it might even crack the arc tube. Another 
problem is the cataphoresis caused when the HPS lamp is fed 
by current with a DC level. 

Another concern is the power quality of the input current 
of the electronic ballast [3]. Traditionally to provide HPF to 
this ballasts it is used a PFC stage [4] (Fig. 1 (b)) [5] (Fig. 1 
(a)), but this extra stage decrease efficiency and increase 
cost. Thus, with the objective of improving these 
characteristics others electronic ballasts without this PFC 
stage have been proposed [6] [7] [8] [9]. 
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Fig. 1  Electronic ballast proposed by: (a) Ferrero [5] (b) Brañas [4]. 

This paper will present electronic ballast based on an 
indirect frequency changer. The mainly idea is achieve HPF 
using full bridge diode rectifier with a low value output 
capacitor connected to a full bridge inverter. Fig. 2 shows the 
ballast block diagram. This structure will apply on the load 
high frequency current modulated in low frequency [6] [7] 
[8]. 

 
Fig. 2  Indirect frequency changer block diagram. 

Additionally it will be presented two high frequency 
modulations strategies for the voltage inverter used to 
improve the input and output current characteristic. Also will 
be discussed two possible output filters. 
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Finally, experimental results will be presented to prove 
that the proposed solution is suitable to achieve the 
requirements demanded. 

II. INDIRECTY FREQUENCY CHANGER 

The main characteristics of the present electronic ballast 
based on an indirect frequency changer are the absence of a 
PFC stage, the low frequency output current behavior and the 
power control capability. These characteristics can decrease 
volume, weight and costs and increase efficiency in 
comparison with others electronics ballasts. Besides, the 
capacity of controlling the power on the lamp makes this 
structure more attractive than electromagnetic ballast. 

A circuit diagram of the indirect frequency changer used 
as electronic ballast is show in Fig. 3. The structure is 
composed by an input filter to improve the input current, the 
full bridge diodes rectifier with the low value Cb capacitor 
allowing HPF, the high frequency inverter and the output 
filter. 
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Fig. 3  Indirect frequency changer circuit diagram. 

A. Input Stage 
The input stage is composed by the input filter and the full 

bridge diodes rectifier. The input filter has the function of 
adjust the harmonic levels of the current added to line source 
by the inverter, in this case is used a low-pass filter 
implemented by an L-C. The rectifier has high power factor 
due to the low capacitance value of the output capacitor. The 
bus capacitor is used only to supply energy to the inverter in 
the zero crossing of the line voltage source. 

To verify the efficiency of the proposed circuit simulation 
results are presented in the sequence. Fig. 4 presents the 
circuit used in the simulation. It can be noted that the load is 
resistive. The input current and the voltage in the bus 
capacitor Cb are show in Fig. 5. It can be seen that the 
current has a sinusoidal form, which guarantee the HPF of 
the structure. 
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Fig. 4  Input stage circuit simulated. 
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Fig. 5  Input current and Cb voltage. 

B. Inverter 
The inverter should operate at high frequency and supply 

AC current to the HPS lamp. To achieve these requirements 
was chosen the voltage full bridge inverter shown in Fig. 3. 
Despite of using a traditional half bridge, the full bridge was 
chosen because with this topology it is possible to apply on 
the load the maximum value of voltage from the input, that 
allows to supply nominal power to the lamp. Another 
advantage of this topology is the capability of soft switching 
operation. 

C. Output Filter 
HPS lamps have negative impedance characteristics, then 

it is necessary an element to limit the current in the lamp. 
The filter utilized in the output of the inverter should 
stabilize the voltage and current on the lamp, control the 
current at zero crossing of the voltage line source, provide 
ignition pulse to start the lamp and allow inverter soft 
switching operation. To accomplish the requirements two 
topologies are used: resonant filter (LC) (Fig. 6) and series 
resonant filter (LCsCp) (Fig. 7). 
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Fig. 6  Resonant filter – LC. 
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Fig. 7  Series resonant filter – LCsCp. 

III. MODULATION STRATEGIES 

For each of the output filter used one modulation strategy 
was developed. This was necessary to improve the input 
current form and to decrease the re-ignition time of the HPS 
lamp at half-cycle of the period of the input voltage. The 
purpose of both modulation is to warm up the lamp in the 
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zero crossing of the voltage line source and, then, decreasing 
the re-ignition time. 

A. Frequency Modulation 
The first modulation implemented was the frequency 

modulation [6]. The idea is simple: apply a variation in the 
switching frequency in a semi period of the voltage line 
source. Fig. 8 presents the modulation function utilized, it 
can be noted that the switching frequency vary from 27kHz 
to 42kHz. These limits were used to achieve the nominal 
power on the lamp. 
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Fig. 8  Frequency modulation function. 

The motivation to decrease the switching frequency near 
to the zero crossing of the input voltage is to supply higher 
power to the lamp making the re-ignition time lower. This 
strategy will be used with the resonant filter LC. 

B. Modified Sinusoidal Pulse Width PWM Modulation 
In this modulation strategy to warm up the lamp in desired 

moments will be used a duty cycle variation in a semi period 
of the input voltage. The objective is to use the sinusoidal 
pulse width PWM modulation, however, some modification 
must to be introduced to obtain the desired characteristics:  
the larger pulse will be placed near to the zero crossing of the 
voltage source [7]. To eliminate DC component in the lamp 
current the drive signal of the switches M1/M4 and M2/M3 
will be inverted in each semi period of the line source. This 
is necessary to avoid the cataphoresis phenomenon. 

For that reason the reference signal is modified. Fig. 9 
shows the pulse width variation, the modified reference 
signal used, the comparison triangular signal and the drive 
signal for the switches M1/M4. The switching frequency is 
fixed and in this example is lower than the frequency really 
employed. 

0
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Fig. 9  Modified sinusoidal pulse width PWM modulation. 

IV. EXPERIMENTAL RESULTS 

A. Resonant Output Filter 
The first prototype implemented employs the resonant 

filter LC. The frequency modulation was used to improve the 
input and output current characteristics. It was used a 
microcontroller PIC16F873 from Microchip to generate the 
drive signals for the switches. This allows an easily 
implementation of the modulation presented above. The 
ballast parameters are: 220V input voltage; switching 
frequency vary from 27kHz to 42kHz; Lbal = 363µH; Cign = 
94nF; Tign = 100µH; Cb = 1µF. Fig. 10 presents the circuit 
implemented in laboratory. In this figure can be seen that the 
high voltage pulse is applied in the lamp by Tign when Sdisc is 
commanded to conduct. This pulse is about 3.5kV. 
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Fig. 10  Circuit implemented in laboratory. 

Lamp voltage and current are shown in Fig. 11. It is 
clearly the low frequency behavior of the lamp. This is 
caused by the characteristic of the presented ballast. 
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Fig. 11  Lamp voltage and current in low frequency. 

Lamp voltage and current in high frequency are shown in 
Fig. 12. In this figure can be noted that the lamp current 
presents resistive characteristics in that condition. 

The voltage reference signal and the synchronism signal 
are shown in Fig. 13. These signals are necessary to 
synchronism the drive signal from the microcontroller with 
the input voltage source. 

The input voltage and current are shown in Fig. 15. It can 
be seen that the presented electronic ballast achieve HPF. 
This can be proved by the harmonic analysis of the input 
current presented in Fig. 14. Besides, Table 1 presents the 
mainly parameters obtained by the experimental prototype. 
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Fig. 12  Lamp voltage and current in high frequency. 
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Fig. 13  Voltage reference and synchronism signal. 

TABLE I 
Input and output data 

 Active Power Voltage Current Power Factor 
Input 252W 220V 1.88A 0.965 
Lamp 231W 107.4V 2.99A  
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Fig. 14  Harmonic analysis of the input current. 

The efficiency of the prototype is 91.6%. The HPF has 
been obtained in this structure, however, some lamps that 
have been tested presented acoustic resonance. This fact 
occurs because the amplitude modulation is not capable of 
avoid this phenomenon. Another problem is the difficulty to 
control the power on the load with the lamp ageing, and this 
occurs because of the modulation used. 
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Fig. 15  Input current and voltage. 

B. Series Resonant Filter 
Other prototype was implemented using now the series 

resonant filter LCsCp. With this output filter the modulation 
applied was the modified sinusoidal pulse width PWM 
modulation. It was used a microcontroller PIC16F873 from 
Microchip to generate the drive signal for the switches. The 
ballast parameters are: 220V input voltage; switching 
frequency of 40kHz; Lbal = 217µH; Cs = 1µF; Cp = 72nF. 
Fig. 16 presents the circuit implemented in laboratory. In this 
figure one can be noted that the high pulse auxiliary circuit 
was removed. This output filter is capable of apply a high 
pulse in the lamp if the switching frequency is modified to a 
value narrow of its resonance frequency [10]. However, a 
control methodology for the lamp ignition must be 
implemented using the microcontroller to protect the 
structure in the case of a lamp ignition fault. The first step is 
to detect the zero crossing of the input voltage source, then, 
3.5ms after this the switching frequency is changed to a 
value near to the resonance frequency. The zero detection 
and the delay are necessary to apply the high voltage pulse 
when the input voltage is higher than 90% from the nominal 
value. The resonance switching frequency is applied during 
1ms. This is a safe period where the voltage in the lamp will 
increase to a value capable of starting the lamp, but not 
dangerous to damage the structure. 

Fig. 17 shows lamp voltage and current. Again it can be 
noted the low frequency characteristic of them. In 
comparison with the other implementation this one improved 
the current characteristic as the time that the lamp current is 
low. The time taken to the lamp re-ignition is important 
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because it is the interval where the input current is more 
distorted, Fig. 18 shows this fact. 
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Fig. 16  Circuit implemented in laboratory. 
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Fig. 17  Lamp voltage and current in low frequency. 

Lamp voltage and current in high frequency are shown in 
Fig. 19. In this figure can been noted, again, the resistive 
characteristic of the lamp current in that condition. 

Input current and voltage are shown in Fig. 21. It can be 
noted a small current peak, caused by the lamp re-ignition. 
The harmonic analysis of the input current is presented in 
Fig. 20. In this figure one can be noted that the harmonic 
content has improved in comparison with the other 
implementation. 

Table 2 presents the mainly parameters obtained by the 
experimental prototype. The efficiency of the prototype is 
92%. The HPF has been achieved in this structure and it is 
about 0.978. 

In this prototype the acoustic resonance was not observed. 
A factor that contributed to this is the characteristic of the 
modulation implemented. The pulse width modulation can 
spread the harmonic content of the lamp power. And if the 
values of some harmonic components are low enough the 
acoustic resonance can be avoided [11] [12]. 

Another concern is the lamp current characteristic where 
the crest factor is about 2. In fluorescent lamp this would be 
a problem. However, recently studies show that in high 
frequency operation the high crest factor is not a concern to 
the HPS lamp [13]. In fact, the electrode erosion, in this 
condition, is lower than obtained in the low frequency line 
operation. For low power lamps there are a strategy that can 
improve the crest factor [14], on the other hand, this strategy 

is not applicable in these 250W lamps, because the elements 
to store the energy are to large. 
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Fig. 18  Lamp voltage and input current. 
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Fig. 19  Lamp voltage and current in high frequency. 

TABLE 2 
Input and output data 

 Active Power Voltage Current Power Factor 
Input 285W 222V 1.27A 0.978 
Lamp 262W 104V 3.48A  

 

Harmonic %

 
Fig. 20  Harmonic analysis of the input current, LC filter. 
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Fig. 21  Input current and voltage. 

Fig. 22 shows voltage and current in switch M1. It can be 
noted the soft switching commutation of the electronic 
ballast. This is possible because of the current characteristic 
of the series resonant filter. 
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Fig. 22  M1 voltage and current. 

V. CONCLUSION 

An electronic ballast using an indirect frequency changer 
to achieve HPF for HPS lamps was analyzed. With the 
purpose of improve the quality of input and output current 
two modulation strategies were proposed. Both presented 
good results in the structures applied. 

Both output filters presented HPF. However, the pulse 
width modulation using the series resonant LCsCp filter 
presented best results. Other advantage is the capacity of 
improving the possibility of avoiding the acoustic resonance, 
but this characteristic should be investigated. Another 
concern, the crest factor, might not be a problem to the HPS 
lamp in high frequency operation. However, the crest factor 
can be decreased using an appropriated filter, but this 
strategy normally is used in low power lamps. The dimming 
control is possible and also the regulation of the lamp power. 
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