Asian Power Electronics Journal, Vol. 6, No. 1, Oct 2012

Improved Power Quality Based Electronic Ballast for a
Fluorescent Lamp with Constant DC Link Voltage
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Ashish Shrivastava and Bhim Singh
Abstract–This paper deals with the analysis, design,
modeling and simulation of a low crest factor (CF) and a
high power factor (PF) electronic ballast for a fluorescent
lamp. The proposed ballast uses a boost converter in
continuous conduction mode (CCM) as a power factor
corrector (PFC). In this topology, a half bridge series
resonant parallel loaded inverter is used to convert dc to
high frequency ac to feed fluorescent lamp. The modeling
and simulation of this topology are carried out in MatlabSimulink environment for a fluorescent lamp fed from
220V, 50Hz ac mains. The power quality indices are
estimated such as total harmonic distortion of ac mains
current (THDi), power factor (PF) and crest factor (CF).
Keywords–Power factor correction (PFC), Continuous
conduction mode (CCM), Electronic ballast, Fluorescent
lamp, Zero voltage switching (ZVS), and Series resonant
parallel loaded inverter (SRPLI).

I. INTRODUCTION
In recent years fluorescent lamps have become
increasingly popular as an alternative to conventional
incandescent lamps because of their better luminous
efficacy (Lm/Watt) and power consumption. Fluorescent
lamps exhibit negative resistance characteristic in the
desired region of operation. This produces an unstable
condition if a fluorescent lamp is directly connected
across a voltage source to cause ionization. Therefore, a
current-limiting device called ballast is required [1].
Compared to conventional magnetic ballasts, high
frequency (20-100 kHz) electronic ballasts offer
significant advantages such as reduction in power
consumption, flicker, audible noise and weight [2-5]. The
electronic ballast consists of a power factor correction acdc converter, high frequency inverter and a matching
resonant circuit. The resonant circuit enables a high
ignition voltage to be generated and makes the lamp
current essentially sinusoidal. In electronic ballast, high
frequency dc-ac conversion becomes possible with the
invention of solid state switching devices namely
MOSFETs which have high switching capability with
almost negligible losses. The preferred method to drive
the fluorescent lamp is by using an unmodulated sine
wave current with a minimal ripple content. The input
current crest factor (Ipeak/Irms) for the operating condition
should be as low as possible, not exceeding 1.7 [1, 6].
Besides this, in comparison of magnetic ballast,
electronic ballast can control lamp power more easily and
has higher efficiency. Normally, a power factor corrected
electronic ballast needs two level of power conversion.
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First level of power conversion is for ac-dc conversion
and second level is for dc-ac conversion.
In this paper, a power factor corrected topology with
constant dc link voltage is proposed for an electronic
ballast. The power factor correction (PFC) converter
improves the input power factor nearly close to unity and
regulates dc voltage and the half bridge resonant inverter
maintains the constant load power supplied at high
frequency. Because of the zero voltage switching (ZVS),
the switching losses are reduced significantly which
enhances the efficiency of the electronic ballast.
II. PROPOSED TOPOLOGY OF ELECTRONIC BALLAST
Fig. 1 has shown the schematic of the proposed electronic
ballast, which consists of a PFC converter and a lamp
driving dc-ac converter in cascade connection. The ac-dc
converter achieves power factor correction (PFC) and the
dc-ac converter supplies high frequency voltage to the
fluorescent lamp [8-13]. In proposed electronic ballast the
selection of a proper converter is made based upon the
following guidelines.
 An energy storage element is used between a PFC
converter and a lamp-driving dc-ac converter to
prevent the lamp current from being modulated by the
line voltage. For this purpose a dc capacitor is
preferred over an inductor due to its lesser cost and
size.
 A lamp-driving dc-ac converter is selected to be a
voltage-fed inverter to save filter components.
 Low source voltage is needed to boost-up for
generating a high voltage to ignite lamp without the
need of a boost-up transformer.
As per the considerations given above, a boost converter
is selected as the PFC converter, and a quasi-half-bridge
series resonant parallel loaded inverter is used to drive
the lamp. Fig. 1 shows the proposed electronic ballast
derived from CCM boost converter and quasi-half-bridge
series resonant parallel loaded inverter (SRPLI).

Fig.1: Proposed Topology of a Boost PFC Electronic Ballast

The active power switches of series resonant inverter M1
and M2 are alternately turned on and off at a 40 kHz
frequency. The switching frequency of the inverter
should be more than the resonant frequency of the load
circuit to achieve the ZVS (zero voltage switching),
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which reduces the switching losses and improves the
overall efficiency of electronic ballast.

If the switching frequency is more than the steady-state
resonant frequency then the zero voltage switching (ZVS)
is ensured. Considering that,

III. ANALYSIS AND DESIGN OF PROPOSED ELECTRONIC
BALLAST

 switching  4 running

Following considerations are made to analyze the
proposed topology of electronic ballast [7-9].

Fig.2 shows the equivalent circuit of the series resonant
parallel loaded inverter (SRPLI) under the steady-state
operation of the lamp. In this circuit Lr, Cb and Cp are the
resonant circuit parameters and Rlamp is the resistance of
the fluorescent lamp.

 At the time of starting, the fluorescent lamp behaves
as an open circuit and during steady state operation it
is considered as a pure resistor.
 As compared to the lamp resistance the filament
resistance is neglected and switching devices are
considered ideal switches.
 The dc blocking capacitor Cb is much larger than the
resonant capacitance Cp so that its voltage ripple is
negligible.
The detailed design of the boost inductor and the resonant
inverter components are as follows.
A. Design of Boost Inductor
The value of boost inductor is evaluated by using the
below mentioned equations. The duty ratio, D is
expressed in terms of dc inverse voltage gain as,
D  1- 

Fig. 2: Equivalent circuit of the inverter

The relationship between the rated lamp voltage and the
fundamental component of the output of voltage source
inverter is given in (8) in the frequency domain as,
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where, D is duty ratio, α is dc inverse voltage gain, Vsm is
peak value of the input rms voltage, Vdc is dc link voltage,
Po is rated output power of fluorescent lamp.
B. Design of Resonant Circuit Parameters
At the time of starting, the self oscillating technique
provides a resonant frequency (ωstarting) which is made
equal to the switching frequency (ωswitching). The
relationship between the resonant parameters and the
starting resonant frequency is given by (5) as,
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This design procedure includes the calculation of the
boost inductor and resonant circuit parameters.
IV. OPERATING MODES OF PROPOSED BALLAST
The operating modes of the proposed Electronic ballast
are gives as below in Figs 3a-3d.
(a) At t0< t < t1, body diode D2 is conducting and dc link
capacitor is charged in the process. In this duration also
gate pulse has been applied to the solid state active power
switch M2. The sequence of flow of current is given and
also shown in Fig.3a,
Co(-)

D2

Lr

Cb

(Rlamp CP)

(6)
Fig. 3a: (t0< t < t1)
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The steady-state resonant frequency is given by (6) as,

 running 

(8)

Z s ( j )  Z p ( j )

 Vlamp
Cb  15
 Vab

From (3), the value of boost inductor is given as,
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By solving (5), (6), (7) and (8), the resonant parameters
can be given as,

The coefficient Y ( ) is defined as,

Y ( )  -2 -

(7)

Co(+)

Asian Power Electronics Journal, Vol. 6, No. 1, Oct 2012

At t1< t < t2, MOSFET M2 starts conducting and dc link
capacitor is discharged in the process. The direction of
resonant current changes as the current is shifted from
diode D2 to active power switch M2. The sequence of flow
of current is given and also shown in Fig.3b,
Co(+)

(Rlamp CP)

Cb

Lr

M2

Co(-)

Fig. 3e: Theoretical waveforms of series resonant inverter of
proposed electronic ballast

Fig. 3b: (t1< t < t2)

At t2< t < t3, body diode D1 is conducting and the
direction of current remains the same due to resonating
nature of the circuit. In this duration gate pulse has also
been applied to the active power switch M1. The
sequence of flow of current is given and also shown in
Fig.3c,
D1

(Rlamp

CP)

Cb

Lr

D1

V. MATLAB MODEL OF PROPOSED BALLAST
The Matlab model of the proposed electronic ballast is
developed as shown in Fig.4 in which the lamp is
considered as a resistor at high frequency. The PFC
topology is modeled in Matlab-Simulink model using PI
(Proportional Integral) controller with current multiplier
approach.
A 40 kHz triangular carrier wave is used for PWM
generation. The design values of the components
obtained from various design equations are appropriately
selected to have desired power quality at the AC mains.
These component values are given in Appendix along
with other control parameters.

Fig. 3c: (t2< t < t3)

At t2< t < t3, MOSFET M1 starts conducting and the
current shifted from body diode D1 to active power
switch M1. Hence the direction of current changes from
positive to negative. The sequence of flow of current is
given and also shown in Fig.3d,
M1

Lr

Cb

(Rlamp

CP)

M1
Fig. 4 Matlab model of proposed electronic ballast

VI. RESULTS AND DISCUSSION

Fig. 3d: (t3< t < t4)

Since the circuit is working at lagging power factor (fr < fs)
as confirmed from Fig. 3e, the zero voltage switching
(ZVS) has been achieved in resonant converter operation.
Moreover, it is clearly observed from the operating
modes of the above circuit that both MOSFETs (M1 and
M2) are operating at zero voltage switching (ZVS). The
theoretical waveform of series resonant inverter is given
in Fig.3e.

The objective of the modeling and simulation is to
validate the design of proposed electronic ballast which
has improved power factor, low THD and low crest factor
of ac mains current. As the ac input voltage increases
from 100 V-270V, the dc link voltage remains constant at
400 V, thus the lamp current remains constant throughout
this wide input ac voltage range, which realizes the
constant lamp power. The input ac voltage and current
waveforms, dc link voltage, boost inductor current at 100
V, 220 V and 270 V are shown in Fig. 5, Fig. 7, and Fig.
9. The lamp voltage and lamp current waveforms at 100
V, 220 V and 270 V are shown in Fig. 6, Fig. 8 and Fig.
10.
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Fig.5: Performance of proposed electronic ballast in terms of
source voltage (Vs), source current (Is), boost inductor
current (ILboost) and dc link voltage (Vdc) at 100 V

Fig.9: Performance of proposed electronic ballast in terms of
source voltage (Vs), source current (Is), boost inductor
current (ILboost) and dc link voltage (Vdc) at 270 V

Fig.6: Performance of proposed electronic ballast in terms of
lamp voltage (Vlamp) and lamp current (Ilamp) at 100 V

Fig.10: Performance of proposed electronic ballast in terms of
lamp voltage (Vlamp) and lamp current (Ilamp) at 270 V

The fluorescent lamp is driven by a high frequency
sinusoidal current generated from an LCC series resonant
parallel converter, which operates above the resonant
frequency to a zero voltage switching (ZVS). Fig. 11
shows the switch voltage (VM2) and switch current (IM2)
waveforms (which is amplified 600 times to show on
same scale as of VM2), which confirms the zero voltage
switching (ZVS).

Fig.11: Performance of proposed electronic ballast in terms of
switch voltage (VM2), switch current (600IM2) at 220 V
Fig.7: Performance of proposed electronic ballast in terms of
source voltage (Vs), source current (Is), boost inductor
current (ILboost) and dc link voltage (Vdc) at 220 V

Fig.8: Performance of proposed electronic ballast in terms of
lamp voltage (Vlamp) and lamp current (Ilamp) at 220 V
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The ac mains current waveform along with its harmonic
spectra and THD are shown in Fig. 12, Fig. 13 and Fig.
14 at ac mains voltage of 100 V, 220 V and 270 V.

Fig. 12: Input current waveform and its harmonic spectra at ac
mains voltage of 100V
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VII. CONCLUSION

Fig. 13: Input current waveform and its harmonic spectra at ac
mains voltage of 220V

A high power factor electronic ballast with constant dc
link voltage has been designed, modeled and simulated to
study its behaviour. The dc link voltage has been
maintained constant, independent of changes in the ac
input voltage. With an appropriate design of the resonant
converter, the lamp current has been found close to the
rated value. The simulation results have confirmed the
low crest factor of 1.41 and high power factor almost
close to unity of proposed electronic ballast. The
proposed ballast has THD of ac mains current well below
5% for the universal voltage range of 100V-270V. The
zero voltage switching (ZVS) has been achieved by
keeping the switching frequency more than the resonance
frequency of resonant inverter to reduce the switching
losses.
APPENDIX

Fig. 14: Input current waveform and its harmonic spectra at ac
mains voltage of 270V

Rated lamp power: 31W, rated lamp current: 0.2818 A,
rated lamp voltage: 110 V, switching frequency of PFC
switch (fs): 40 kHz, PI controller gains (Kp): 0.0035, (Ki):
0.0038, boost PFC inductor (Lboost): 15mH, dc link
capacitor (Co): 30µF, Resonant parameters: - resonant
inductor (Lr): 2.7mH, dc blocking capacitor (Cb): 90nF,
resonant capacitor (Cp): 6nF
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