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Abstract
This work proposes a high brightness light emitting diode (HBLED) driver circuit based on a full-bridge LC series resonant
converter with series DC bus for low power applications with a
dimming feature. The proposed configuration consists of fullbridge LC series resonant converter with a series DC bus. The
idea behind the concept is to supply the light emitting diode
(LED) threshold voltage directly from the constant DC bus and the control voltage, which is used for current regulation,
is supplied through a full-bridge LC resonant converter. Since
the control voltage responsible for current regulation is only
processed by the full-bridge series resonant converter, the conduction loss is less even if several LED strings are connected to
the same converter. The proposed HB-LED driver is characterized by low switching loss, reduced component count, high efficiency, and reduction of output electrolytic capacitor. Further,
double pulse width modulation (DPWM) dimming control is
designed and used to control the average output currents. The

nation level of the light bulb, it needs to be regulated precisely. LEDs can be powered with either
linear voltage regulators (LVR) or switched mode regulators (SMPS). Nevertheless, SMPS are more commonly used power supplies owing to compactness and
high efficiency. In literature, several types of converter
configurations such as buck, boost and buck-boost
converters are proposed, however when these converters used for the for LED lighting systems resulted in
a trade-off between size of reactive component and
efficiency [6]; [7]. Therefore, there is a need for an
efficient LED driver circuit that can perform the same
task with more efficiency and durability by implementation of latest converter topologies [8]; [9]; [10]; [11].

High brightness LEDs are currently used by manufacturing firms to design lamp units. In order to amplify
light intensity, multiple numbers of LEDs are stacked
together in series and parallel combination as per the
proposed high brightness light emitting diode (HB-LED) driver
load requirement. The intensity of light and chrocircuit based on a full-bridge LC series resonant converter is
maticity straight away depend on the forward current
simulated using Orcad/PSpice software. The theoretical analpassing through the LED; therefore, it is desirable to
ysis and predictions of the proposed full-bridge series resonant
drive LED load with constant current [12]; [13]; [14];
converter-based HB-LED driver is in close agreement with the
[15]; [16]; [17]; [18]; [19]. The idea is to use two
results obtained.
sources, one to supply threshold voltage directly, the
other source being the full-bridge LC series resonant
Keywords: Light Emitting Diodes, LC resonant con- converter, which regulates the LED current. It results
verter, PWM diming, zero voltage switching (ZVS), in improved efficiency and high reliability [20]; [21].
Fig. 1 (a) and fig. 1(b) illustrate the LED equivalent
Centre tapped transformer.
model and concept of the proposed work, respectively.

1

Introduction

This concept was executed by using buck, boost, and
buck-boost converters as the current regulator for a
Globally, one fifth of electrical energy goes on lighting.
low power application. However, for high power appliHence the drive for efficient, reliable lighting systems.
cations the use of buck, boost, and buck-boost regIn virtue of their superior longevity, compactness, exulators is limited, since increasing load results in a
cellent light efficacy per watt, eco-friendly nature,
reduction in switching frequency, resulting in bulky reand color rendering, light emitting diodes (LEDs)
active components. Further, it is difficult to get zero
are replacing conventional light sources in residential,
voltage switching, and lifespan is limited due to the
streetlights, automotive and decorative lighting applipresence of electrolytic capacitors at load terminals.
cations [1]; [2]; [3]; [4]; [5].
The flyback converter can be used for low power apSince the forward current of LED alters the illumi- plications; however, it is not advisable to use this con-
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Figure 1: (a) Equivalent model of LED; (b) Concept
of proposed work
verter for output power above 60-70W, as it requires
a large transformer which in turn reduces overall efficiency. Dimming control is often needed to control
the illumination level of LED light for the human need
to create a comfortable environment. Moreover, dimming operations result in reduced power consumption
and produce less heat hence increasing LED lifespan
and optimizing running costs. Therefore, dimming
control is essential in LED lighting applications. The
illumination of LED is directly related to its average
current. Therefore, dimming control techniques such
as amplitude modulation (AM), pulse width modulation (PWM), hybrid AM/PWM technique, integral
control and double PWM control are used to regulate
the average output current. These control methods
have their own merits and demerits. This work uses
the two-source concept of driving LEDs; one is to supply cut-in voltage which is directly supplied through
the dc bus and other is the regulating voltage supplied to the load through a full-bridge series resonant
converter as current regulator. The proposed converter has several benefits such as reduced component
count, compact size, and reduction of electrolytic capacitors, whereas zero voltage switching results in improved efficiency. The dimming feature was achieved
by using double pulse width modulation control.

2

Circuit Configuration and Operation

Figure 2: Proposed full-bridge LC series resonant converter
The LC series resonant converter consists of a tank
circuit supplied through a full-bridge inverter. A capacitor is connected at the end of the converter output for filtering purposes. This regulating voltage
(Vc) from the LC series resonant converter is added
along with the bus voltage and supplied to the LED
load. The cut-in voltage is supplied directly through
bus voltage (V bus ) and the forward regulating current is supplied through the full-bridge LC resonant
converter. This regulating current is controlled by
using double pulse width modulation control. The
voltage supplied by the full-bridge LC series resonant
converter is very low compared to the cut-in voltage
supplied directly through bus voltage. Hence, switching losses can be greatly reduced on each component,
ensuring high power efficiency.
The resonant frequency of the full-bridge LC circuit
is decided by the values of the resonant inductor (Lr )
and capacitor (C r ) present in the tank circuit. Zerovoltage-switching (ZVS) and zero-current-switching
(ZCS) can be decided by resonant frequency (f o ) if
the switching frequency (f s ) is higher than resonant
frequency (f o ) ZVS can be achieved, and the switching frequency is lesser than resonant frequency ZCS
can be achieved. A resonant capacitor (C r ) is added
in the circuit to negotiate the impedance effect caused
against the power flow due to parasitic inductance and
supplying voltage with a frequency closer to resonant
frequency to the tank circuit.
2.1 Operating modes

Analysis of the circuit is simple, as the circuit is divided into two major parts. The primary part is the
The proposed converter configuration is illustrated
bus voltage (V bus ), which supplies the majority of the
in fig. 2. The bus voltage (V bus ) can be obtained
voltage to the load, satisfying the forward voltage drop
through either an AC grid by using an AC-DC conof the LED load. The second part is the full-bridge LC
verter along with a filter or a battery source. A fullseries resonant converter, which supplies the control
bridge LC series resonant converter, operating as a
voltage, regulating the LED output current (I o ). The
current regulator, is placed between the LED load and
resonant converter output (V c ) is connected in series
the dc voltage bus. The power to the LED load is
with the bus voltage as shown in fig. 3.
supplied through a full-bridge LC resonant converter
along with the dc bus, rather than through a resonant The full-bridge LC series resonant converter use conconverter alone.
trolled switches to generate a square wave voltage in55 | 61
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is as shown in fig. 5. The peak value of the fundamental frequencies of the square waves V a and V b
are
Va1 =

4 · Vbus
π

(1)

4 · Vc
π

(2)

Va1 =
Figure 3: Proposed circuit topology

The LC resonant tank voltage and currents are given
by
put for the filter for tank current (i L ), formed by the
series combination of resonant inductor (Lr ) and resonant capacitor (C r ). The resonant inductor current
(i L ) oscillates and is rectified and filtered to produce
dc capacitor output voltage (V c ). The working of the
converter is based on the relation between the resonant frequency of the filter and switching frequency
and gives nearly sinusoidal current (i L ) which is oscillating in nature and has a frequency almost equal
to switching frequency when the switching frequency
is maintained closer to the resonant frequency of the
filter.

(
+Vbus , 0 < t < δT s
Vr (t) =
−Vbus , δT s < t < T s

(3)

Ir (t) = IL (t)sin(t + φ)

(4)

Fig. 4 illustrates the square wave input voltage (V a )
to the filter, the current i L , the switch current i s1
and the input to the centre tapped rectifier V b . The
square wave voltage (V a ) is the inverted waveform of
bus voltage (V bus ). The capacitor voltage (V c ) is the
Figure 5: Equivalent circuit of proposed converter
rectified form of Vb when i L is positive and -V c when
i L is negative. The output voltage of the converter is
assumed to be constant because of the rectifier diode From fig. 5 we have,
configuration.
Vo1 = Vb1 + Vbus

(5)

The LED lamp is represented by a forward cut-in voltage V F in series with its dynamic resistance r d . The
voltage across the LED lamp can be represented as
VLED = Vr + ILED rd

(6)

Here, I LED is the current flowing through the LED lap
which is the average of full wave rectified transformer
secondary current i b .
ILED = Ia = Ib =
Figure 4: Voltage and current waveforms for w s >w o

2 · L1
π

(7)

The effective load resistance of the resonant converter
can be obtained from eqn. 2 and eqn.7

The proposed full-bridge LC resonant converter is anRe = m2 Vb1 /IL1 = 8m2 /π 2 RL
(8)
alyzed by considering the fundamental components of
the voltages and currents. The AC equivalent circuit where m is the transformer turns ratio (m = Np /Ns ).
56 | 61

Journal of Power Technologies 101 (1) (2021) 54–61
DOI: 10.22541/au.161608161.12896809/v1
To find the relation between V bus and V o , remove V bus from fig. 5 as shown in fig. 6.

Figure 6: Equivalent circuit of proposed converter excluding V bus
By simplifying eqn. 1 and eqn. 2 the output voltage
can be expressed as




V0 = Vbus 

1
1+



XL −XC
Re


2 

(9)

Figure 7: Normalized Frequency Response
The values for the components in the series resonant
converter are given by the following calculations. The
value of effective load resistance can be expressed as

where,
XL = ωs Lr

(10)
Re =

XC =

1
ωs Cr

ωS Lr
1
=
Re
ωs Re Cr

(14)

(11) The quality factor Q can be expressed as

From the above eqn. 9, eqn. 10 and eqn. 11 it is clear
that the switching frequency has a major impact on
the output voltage and its sensitivity. Further, the
quality factor of the resonant converter is denoted by
Q and is expressed as follows

Q=

8m2
π 2 RL

(12)

Q=

1
2πfo Re Cr

(15)

By substituting the value of Q in eqn. 13 can be expressed as follows

f02 − [fs2 Rs Cr (Vbus /V0 ) − 1]f03 − (2fs2 )f02 + f04 = 0
(16)

By substituting eqn. 10, eqn. 11 and eqn. 12 into By simplifying the 4th order equation, we can obtain
eqn. 9 the gain (V o /V bus ) can be expressed as follows the value of the resonant frequency (f ) and by subo
stituting this value in eqn. 15 for an assumed resonant
capacitor value such as C r =0.1μF we can obtain the
V0
1
=
(13) value of the quality factor, which is useful in finding
h
i2 
Vbus
QRe
1 + Q2 ωω0 − ωω0
(17)Where Q is the quality factor of
(Lr ) asLr = 2πf
o
the converter, Re is the effective load resistance, f o
is the resonant frequency and f s is the switching freThe gain (V o /V bus ) versus normalized frequency
quency.
(ωs /ωo ) is plotted with Q as the parameter is illustrated in fig. 7. Since i Lr has more of a sinusoidal 2.3 Dimming Control
quantity for the above resonance, the curves are more
Dimming control is often needed to control the illumiaccurate in these frequencies.
nation level of LED light for the human need to create
2.2 Design of Resonant Converter
a comfortable environment. Moreover, since dimming
57 | 61
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Table 1: Parameters used in simulation of proposed
converter
Parameter
Rating
Vbus
24V
IO
600 mA
20 W
PO
fs
100kHz
Lr
74µH
0.1µF
Cr
Co
50µF

Figure 8: Double pulse width modulation dimming
waveforms
operations result in reduced power consumption and
produce less heat, they increase the LED lifespan and
optimize the running cost. Therefore, dimming control is essential in LED lighting applications. The illumination of LED is directly related to average current.
In this proposed work a double pulse width modulation (DPWM) dimming control technique is adopted
to control the illumination level of LED light, as illustrated in figure. 8. With DPWM control when the
low-frequency pulse signal (v gL ) is high, the converter
operates with high-frequency pulse. Consequently,
when v gL is low, the converter is shut down for a
long duration. In fig. 8, T m and δm are the switching period and duty cycle of the low frequency dimming signal, respectively. By varying δm from 20%
to 100%, ZVS operation is achieved and illumination
of LED light is adjusted by controlling the average
output current.
3

Figure 9: Simulation circuit of proposed converter
topology
simulation circuit is illustrated in fig. 9. This circuit was simulated with the values given in table I.
The full-bridge inverter output voltage (V ab ) and resonant inductor current are illustrated in fig. 10. The
converter is designed with switching frequency higher
than the resonant frequency, which resulted in zero
voltage switching of proposed converter topology.

SIMULATION RESULTS AND ANALYSIS

Orcad/PSpice simulation environment is used to simulate and perform detailed analysis of the proposed
circuit topology based on a full-bridge LC series resonant converter with series DC bus in fig. 2. Table 1 illustrates the specifications and design parameters used for simulation analysis.
A 24 V DC source is utilized for input voltage source
and load is modeled with 9 LEDs connected in series; each LED is impressed by 3.6 V and carries a
current of 600 mA. The calculated value of effective
load resistance from equation 14 is Re =12.98. For
a selected value of resonant capacitor C r =0.1μF and
input dc bus voltage of 24V, the value of resonant
frequency can be calculated from equation 16 as f o =
58.6 KHz. From equations 15, 16 and 17 we can
obtain values of quality factor Q= 2.1 and the resonant inductor value is Lr =74μH. The Orcad/PSpice

Figure 10: Simulation waveforms of inverter output
voltage and resonant inductor current (i Lr )
The gate to source voltage (V gs ), drain to source
voltage (V ds ) and drain current (i d ) are illustrated in
fig. 11. From fig. 11 it is clear that the switch is
turning on and turning off at zero voltage switching,
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Figure 11: Simulation waveforms of gate-source volt- Figure 13: Simulation waveforms of output voltage
age (V gs ), drain-source voltage (V ds ) and drain cur- and current at 40% dimming
rent (i d )
which results in reduced switching losses. The output
voltage and output current of proposed converter is
depicted in fig. 12. From fig. 12 the output voltage
obtained is 33.32 V and output current is 597 mA,
which meets the requirement of designed LED load.
Further, the output waveforms are ripple free.

Figure 14: Simulation waveforms of output voltage
and current at 40% dimming

Figure 12: Simulation waveforms of output voltage
(V o ) and output current (i o ) at 100% dimming.
In order to control the illumination, the dimming control is designed and tested with the proposed circuit.
The dimming level, output voltage and output current of proposed converter at different dimming levels
are illustrated in fig. 13 and fig. 14. Fig. 13 and fig.
14 clearly show that the peak current is constant and
average current is controlling, varying the dimming
level. Further by controlling the average current, illumination of load can be controlled.

Figure 15: Variation of output power and capacitor
voltage with dimming

high efficiency, reduced component count, and reduction of output electrolytic capacitor. Further, comThe variation of of output power and capacitor volt- parative study of the single input LC series resonant
age with dimming is illustrated in fig. 15. From converter with similar works is summarized in Table 2.
fig. 15, it can be concluded that output power in- It can be noticed from Table 2 that the single input
creases along with V c with an increase in dimming. LC series resonant converter requires fewer switching
Efficiency versus dimming is plotted and illustrated devices. Also, the single input LC series resonant conin figure.16. From fig. 16 it is clear that the effi- verter provides several advantages, such as dimming
ciency of the proposed converter is almost constant control, compact size, soft switching, and increased
throughout the operation of dimming from 20% to overall efficiency.
100%. Further, the driver circuit achieved efficiency
of 92.6% at 100% dimming. The major advantages
of the proposed converter are reduced switching loss, CONCLUSION
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Table 2: Comparative study of proposed converter with other works in the literature

Method of
switching
MOSFETs
Diodes
Inductors
Capacitors
Component
Count
Output ports
Dimming
Control
Efficiency

UR
Reddy [2]

CKR
Reddy [5]

K B Park
[9]

Hard

soft

soft

4
2
3
2
11

5
5
2
3
15

2
2
2
4
10

1
No

1
Yes

0.88

0.86

D Gacio
[15]

M Saikia
[21]

Proposed
converter

soft

soft

1
8
1
2
12

4
4
1
2
10

4
2
1
2
8

1
No

1
No

1
Yes

1
Yes

0.93

0.78

0.96

0.926

trol techniques for better dimming may be studied in
future work.
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