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In this research work, a full bridge converter using two input voltages for light
emitting diode (LED) lighting application is proposed. Two identical LED lamps
are powered. The main contributions of the proposed LED converter are: 1)
switch voltage stress in full bridge is reduced; 2) zero voltage switching
transition; 3) conversion power is low; 4) high converter efficiency; 5) ability to
supply multiple lamps; 6) pulse-width modulation (PWM) dimming feature; 7)
requires low inductor values to reduce current ripple. Across each leg of full
bridge configuration, two different input voltages are connected back to back.
Due to this, voltage stress of device in each leg is reduced significantly and this
feature reduces the conversion power through full bridge. Input voltage
connection also helps to utilize voltage and current characteristics of LEDs
effectively. The steady-state operation of the proposed converter has been
confirmed through numerical simulations. Additionally, an experimental
prototype with an output power of 72 W has been developed to validate the
simulation findings.

Keywords: Light emitting diodes, driver circuits, Resonant dc-dc converters,
Zero Voltage Switching, PWM and Dimming Control.

1. Introduction

Lighting appliances utilize approximately 20% of the total electrical energy generated across
the world [1-2].Thus, there is enough scope to enhance energy conservation through lighting
appliances. Light emitting diode is an energy efficient light source. Most of the lighting
applications are occupied by LEDs due to their characteristics such as long life, high-energy
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efficiency, solid-state characteristic, faster dynamic response, and green light source, etc. [3]—
[6]. Owing to their benefits, LED usage in residential, streetlight, automotive, decorative, and
factory lighting systems has been increasing and expanding [7]-[9].

LED forward voltage and current characteristics are similar to the p-n junction diode [10].
Moreover, illumination output from LED depends on forward current. In many applications,
the operating current of LEDs must be constant and regulated. Hence LED lighting systems
are powered by constant current regulators [11-12]. They are also called LED driver circuits.
Mostly switched-mode power electronic converters are used to drive LED lighting systems.
Based on the availability of input supply, LEDs are powered either from ac voltage or dc
voltage [13]. The requirement of ac operated LED driver and dc operated LED driver is
different. In the recent past, dc power distribution has been increasing, hence dc loads can be
operated separately and isolated from the utility ac grid. Thus, dc fed LED drivers have become
popular in recent research topics. Further dc fed LED drivers with soft-switching features
reduce the size of the lighting system greatly. Different soft-switched dc fed LED converter
configurations have been proposed for lighting applications [14]-[23].

Authors in [14] presented an asymmetrical duty ratio controlled soft-switching converter to
minimize the processing power for LED lighting application. LED lamps are connected across
the series combination of a controlled voltage, which is produced using half-bridge series
resonant inverter and unregulated dc voltage. Parallel LED lamps are regulated using
controlled voltage. However independent pulse-width modulation (PWM) dimming of lamps
is addressed with extra switching devices. A half bridge based soft-switched converter using
three controlled switches is presented to drive two different LED lamps [15]. Lamp current
regulation and PWM dimming feature are achieved independently. However, switching logic
for independent control requires an additional circuit and component count per lamp is
comparable. In [16], two identical lamps are powered using three leg full bridge converters.
To improve conversion efficiency, each lamp has a dc voltage in series. Two full bridge
converters with one common leg produce asymmetrical voltage, which helps to achieve lamp
current regulation. Further, both lamps are dimmed using pulse-width modulation
independently. Input-modulated full bridge driver circuits with the soft-switching feature are
presented to power multiple identical LED lamps [17]-[18]. However independent relation and
dimming are not addressed. Buck-boost integrated half-bridge series resonant converter with
high gain [19] is proposed solar/battery powered LED lighting applications. Regulation using
variable frequency, zero-voltage switching (ZVS), PWM illumination control, extension of
configuration to multiple LED lamps are some of the claims in this study. In [20], two LED
lamps with different wattages are supplied from coupled inductor-based driver circuits with
soft-switching. In this paper, leakage energy is used to power one LED lamp which limits its
rating. A half-bridge based zero voltage switching converter without resonant capacitor is
proposed to supply multiple LED lamps in [21]. Independent regulation, dimming, ZVS
feature, etc. are achieved. However variable inductor design and implementation require
additional control circuits. A combination of half and full bridge resonant converter is used to
power two different LED lamps independently [22]. It features independent operation,
dimming, and regulation. But the current stress of devices in the common leg is high and also
their ZVS feature is not complete. Class-E resonant converter [23] with modification is used
as a current regulator for LED lamp.
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This research paper proposes a full bridge converter with two input voltages to power two
identical LED lamps. The two input voltages are connected in anti-series configuration. This
feature reduces the voltage across each switch in full bridge. This topology provides zero
voltage switching, low conversion power, PWM dimming, high energy efficiency. This study
is organized as follows. Section 2 presents the description and operating principle of the
proposed LED driver. Steady state analysis is given in Section 3. Section 4 describes the design
procedure. Simulation and experimental results are presented in Section 5 and conclusions are
given in Section 6.

2. Description and Operating Principle of the Proposed LED Driver

Figure 1 illustrates the proposed LED driver with a two-input soft-switched full bridge
configuration. The first leg of the full bridge is comprised of two power MOSFETSs (Q: & Qz),
while leg-2 consists of two power MOSFETs (Q: & Q). A parasitic body diode and
capacitance are included with each MOSFET switch. The input dc voltages, Vgci and Ve, are
connected in anti-series with the midpoint terminal 'O" across each leg. Point A represents the
midpoint of leg-1, while point B represents the midpoint of leg-2. To the midpoints of leg-1
and leg-2, a series LC tank circuit, which is a series combination of resonant inductor (L) and
capacitor (C,) is connected. Voltage across tank circuit is represented as vag. This LED driver
circuit supplies two similar rating LED lamps. Inductor L; and LED lamp-1 are connected in
series between terminal A and O, while inductor L, and LED lamp-2 are connected in series
between terminal B and O. Inductors L; and L, are employed to minimize the current ripple in
lamp-1 and lamp-2, respectively. Vo1 and i1 represent the output voltage and current of lamp-
1, while Vo2 and iz indicate the output voltage and current of lamp-2. A switch Qq is connected
in series with input voltage Vg1 and it is used to achieve PWM dimming operation of both
lamps. Gate voltages for switches and the operating waveforms of the proposed configuration
are shown in Figure 2. Switches (Q1 — Qa) in full bridge operate at switching period (T). Gate
voltages of Q1 and Qq are given for D; T duration and Q2 and Qs are for DsT duration. Between
DT and DsT durations, two dead time intervals (ts1 & tg2) are introduced in every switching
cycle to protect switches in full bridge. The operation of proposed topology is described in
four modes over a time period (T). The equivalent circuit in each mode with current direction
are shown in Figure 3 and 4.
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Figure 1. Power circuit illustration of proposed configuration.
2.1 Mode-1

This mode starts after giving gate voltages (Vg1 & Vgs) to upper switch (Q,) in leg-1 and bottom
switch (Q4) in leg-2 at time t = to. Figure 3 (a) shows the operative equivalent circuit. From to
— 1y, switches Q; & Qs allow the currents through them. The voltage (vag) across resonant tank
Circuitis + (V4 —Vge2) - Consequently, a resonant current, ir passes through Qi & Q. During

this state, the voltage across L1 is (Ve —Vgy) - As a result, inductor L accumulates energy as
the current (iL1) through Q: linearly increases. Similarly, voltage across Lz is (Vyeo —Vop )

hence inductor L releases energy as the current (iL2) through Qg linearly decreases. The sum
of ir and i1 flows through switch Q; and difference of i; and i1 flows in Q4. Att =1t;, gate
control voltage (Vg1 & Vga) are removed and mode-1 is stopped.

2.2 Mode-2

The mode-2 duration is from t = t; to t = t,. The operative equivalent is shown in Figure 3(b).
No switch is conducting in this mode. However, the inductive currents in the previous mode
cannot change their directions instantaneously. Thus, switch parasitic capacitances (C: — Cs)
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allow these currents. The turn-off process of switches Qi and Q4 is initiated at t = t; and voltage
across C; and C4 are zero. The switches Q2 and Qs are still in the off state, with their parasitic
capacitances Cz and Cs being charged to (Vo —Vyc2) - In leg-1 fromt =t; to t = t, the drain

to source capacitance C; allows a current of (i-+i_1)/2 and hence it start charging from zero to
(Vge1 —Vge2) - And, Co is discharged from (v —Vyco) t0 zero by (ir+ius)/2, while in leg-2,

Cs is discharged from (v —Vyco) t0 Zero by current (ir - i2)/2. When voltage across body
diodes of Q; and Qs is -0.7 V, gate voltages (Vg2 & Vg3) will be applied to devices Q2 and Qs
for zero voltage switching-on transition. Att = t;, mode-3 is initiated.

2.3 Mode-3

This mode starts after giving gate voltages (Vg2 & Vg3) to bottom switch (Q:) in leg-1 and upper
switch (Q3) in leg-2 at time t = to. Figure 4 (a) shows the operative equivalent circuit. From t,
—t3, switches Q2 & Qs allow different currents through them. The voltage (vag) across resonant
tank is — (V4 —Vgep) - As a result, a resonant current, i is conducted through switches Q. &

Qs. In this mode, the voltage across L1 becomes negative, resulting in a linear decrease in i1
through Q.. Simultaneously, current in L rises linearly through Qs due to the voltage across
Lo, which is (V4o —Vgp) - Switch Q2 conduct the difference of resonant current ir and i1 and

Qs sum of iy and i 2. This mode terminates at t = ts.
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Figure 2. Operating waveforms
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2.4 Mode-4

During t3 to ts, devices Q2 and Qs complete zero voltage turn-off transition and Q; & Q4
complete zero voltage turn-on transition. This switching transition process is similar to that
given in mode-2. Figure 4(b) shows the operative equivalent circuit with no switch conducting.
At t = t4, the switching cycle is completed.
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3. Steady State Analysis

To derive steady state input and output voltage relation of the proposed configuration, the
below considerations are made.

(i) All the passive elements and semi-conductor devices are lossless.
(ii) Voltage across each LED lamp is constant with no ripple.
(iii) Input dc voltage, Ve < input dc voltage Ve < output voltage, Vo1 & Voo

The analysis is carried out by neglecting dead times in a switching cycle. To write voltage and
current relations in mode-1, the circuit depicted in Figure 3(a) is considered. DT is the ON
duration of switch Q1 and Qa. (1-D3)T is OFF duration of switch Q; and Qs. When the switch
Q1 & Q4 are ON,

The voltage and current in inductor L, are given by

di
Vi =V —Vor = Ly d_tl fost<t @

: 1 .
=1 [via®dt+ig (to)

Vi =V, ]
= %(’f—to)ﬂuﬂo)
1

iL1 (to) represents the initial current at time t =to in inductor (L1). The maximum current through
L1 is written as

) Viq =V )
i (ty) Z%(ﬁ—toﬂ'u@o) (3)
1

Where the duration (t —tg) is the conduction duration of Q.. Hence equation (3) is modified
as

. . Vg1 =V
() =i (t)+——2DT 4)
L
The peak-peak current ripple in L is specified from equation (4) as
. i . Viq—V
Ay =T (t) - (L) :%DJ ®)

1
Similarly, LED lamp-2 is supplied by the stored energy in inductor L through switch Qa.

The voltage and current in inductor L are given by
di
Viz =Vae2 Vo2 = L ﬁ fost<y (6)
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L2 (0) =iLa(to) + Iv,_z(t)dt |L2(t0)+L—02(t o) Lty @
2ty 2

iL2 (to) represents the initial current at time t = to in inductor (L2). The maximum current through
L is written as

. i Vi, =V
12 (1) =1a(t) + =25 (6 ~to) ©)
2
Where (tl —to) duration is the non-conducting duration of switch Qs. It can be written as
follows

] ] V,, -V
'Lz(tl):'Lz(to)"‘%(l—Ds)T 9)
2

From equation (9), the peak-peak current ripple in inductor L. is specified as

V—dch_VOZ (1-D;)T (10)

2

A, =i () —i,(t) =

During t1 —to, the voltage (vas) across resonant tank is + (Vg —Vge2) - 1he resonant current
in tank circuit is given as

i (t)— Slna)o(t t0)+| (to)
%o t, <t<t (11)

C, . .
= +(Vge1 —Volcz),/L—r sinag (t—to) +i; (to)
r
Where Z, = Characteristic Impedance = /g ;
r

1
Wy = = Resonant Frequency
L.C

r=r

When the switches Q. & Qs are ON, the voltage and current in inductor L, are given by

Vir =V —Vor = Ly d(;lil f <t<t (12)
V V
i (D) = _J.VLl(t)dt +ip(tp) = %(’f —t) +in(tz) st<ty (13)
Ly g, 1

The voltage and current in inductor L are given by
Nanotechnology Perceptions Vol. 20 No.7 (2024)
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di
Vi, =Vga =V =L, dliz t2 <t< t3 (14)
] ) Vi =V,
'L2(t):|L2(t2)+¥(t_t2)  <t<ty (15)
2

The magnitude of ripple current in inductor L; and L are given by

\@ @-D)T (16)

1

Ai|_1 = iLl(t?,) _iLl(tZ) =

V-V

2

Al =i, (t3) =i ,(t,) =

During t, —t3, the voltage (vas) across resonant tank circuit is— (Vg4 —Vgep) - Hence the
current through it is expressed as

() =i () + 28 sin o (t - t;)
0 ty<t<ts (19

] C, .
=i (t2) = Vg1 —Vic2) L—rsm g (t—t5)
r

For steady state operation, volt-sec balance in inductor L is used to derive the output voltage
of LED lamp-2. Therefore from (1), (12), Vo1 is obtained as

VdCl _V01 DlT +Vdc2 _V01 (l— Dl)T =0
L L
1 1
Vo1 =Vgeo + Dy (Vdcl _Vdcz) (19)
Similarly, by applying volt-sec balance in inductor L,, output voltage of lamp-2 is obtained as
Vo1 =Vge2 + D3 (Vyer —Vie2) (20)

4. Design Analysis

In the proposed topology, LED lamp-1 and inductor L, are connected in series between the
midpoint of leg-1 and the midpoint of the anti-series input DC voltages. Similarly, LED lamp-
2 and inductor L, are connected in series between the midpoint of leg-2 and the midpoint of
the anti-series input DC voltages. The rating of lamp-1, lamp-2, calculation of (L: & L»),
calculation of (L, & C;) and input voltage are presented in section. LED equivalent circuit [24]
is required to determine the parameters related to lamp-1 and lamp-2. TMX HP 3WLEDs are
utilized in this study. The voltage-current characteristics of used LEDs are illustrated in Figure
5. It is observed that LED starts conduction from the threshold voltage (V) of 2.3 V, and an
operating point at a forward voltage (Ve) of 3.25 V and a forward current (I¢) of 510 mA is
Nanotechnology Perceptions Vol. 20 No.7 (2024)
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selected. The proposed converter employs two LED lamps, each consisting of two strings with
11 LEDs connected in series in each string. Consequently, threshold voltage of each lamp is
determined to be 25.3 V and each lamp operates at 1.02 A, 35.75 V and 36 W. The output
voltage (Vo1 & Vi) of both lamps are measured at 35.75 V, and output currents (i1 & io2) are

at 1.02 A. In output expression of Voi, Ve is in series with Dy (Vy; — Vo) - Therefore Vg,
is selected as 24 V, as it is below the lamp's threshold voltage. The full bridge converter
supplies the remaining 11.75 V to LED lamp.

According to equation (19), the input dc voltage Vqc is represented as.

Vo1 —Vie2

Vi1 =Vyeo +
dcl dc2 Dl

(21)
With a V; of 35.75 V, a duty ratio (D) of 0.5, and V2 of 24 V, Ve is calculated by

Vi = 20221 24 2 agv

The values of inductor L; and L, are calculated using equation (5) and (17) respectively.

With a switching frequency of 100 kHz, D; of 0.5, Va2 0f 24 V, V, 0of 48 V. Vj; of 35.75
V, and Aiy1is 10% of ie1, from equation (5), the value of inductor L, can be determined as

L -
YA, T (01x1.02)

(0.5)-10-107° = 600.H

Similarly, with a switching frequency of 100 kHz, Ds of 0.5, V42 0f 24 V, V4 0f 48 V. V1
of 35.75 V, Ai| , is 10% of iz, from equation (17), the inductor L. is calculated as

L, JM oT :M-(O.a-lo-lo—6 =~ 600.H

In the proposed configuration, two lamps are supplied using a full bridge configuration. In
every switching cycle, devices in full bridge do not conduct during dead time (s and ta2)
intervals. Dead times between top and bottom device in each leg are expected in bridge
configurations to avoid dead short circuit across input voltage. However, these dead times are
also utilized to achieve zero voltage turn on and off switching transitions. No switch is
conducting during tg; and tq, but device parasitic capacitors (C1 — Ca) carry the currents, which
assist in achieving zero-voltage switching transitions in switches Q; to Q4 within the full bridge
circuit. Current in LC resonant tank circuit helps to achieve soft-switching during the dead
time interval. Therefore, a resonant frequency of 79.62 kHz has been chosen. The resonant
frequency of the full bridge can be calculated using the formula,

Nanotechnology Perceptions Vol. 20 No.7 (2024)
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f, = L

" 2rzfLC,

(22)

The capacitance value (C;) chosen is 47 nF. According to equation (22), L. is determined to be
85 uH.

800 Experimental V-1 Characteristics of
TMX HP3W LED

0 05 1 15 2 25 3 35 4
Ve (V)

Figure 5. Voltage and current characteristics of TMX HP 3WLED

Table 1 Parameters of the proposed LED driver

DC input voltage, Vg1 48V
DC input voltage, V2 24V
Switching frequency, f, 100 kHz
Resonant frequency, fo 79.62 kHz
Resonant inductor, L, 85 uH
Resonant capacitor C, 47 nF
Inductor, L, 600 pH
Current in lamp-1 and lamp-2, io; (0Or) io2 1.02A
Lamp-1 and lamp-2 voltage, Vo102 3575V
Pot,02 36W
Switching devices used IRF 640N

5. Simulation and Experimental Results

The simulation and experimental results of the proposed two input LED driver configuration
are discussed in this section. The table 1 presents the voltage, current, and power ratings, as
well as the component values for the LED lamp. The proposed two-input configuration is
designed to power two lamps of total 72 W. Numerical simulations are conducted using
OrCAD PSpice software and also validated through experimental prototype. At rated
illumination, simulation and experimental waveforms of switch gate voltages (Vg1 — Vga),

Nanotechnology Perceptions Vol. 20 No.7 (2024)
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voltage and current in resonant tank are shown in Figure 6. It is observed that switch gate
voltages (Vg1 — Vgs) are switched at 100 kHz with equal duty ratio, resulting in bridge output
voltage (Vas) Of + (Vpe; —Vpep) Magnitude and resonant current with triangular in nature

flows. Figure 7 presents simulated and experimental voltage and current waveforms for both
lamps and they are operated at selected values. It is observed that voltage and current in lamp-
1 and lamp-2 are identical. Simulation and experimental switching waveforms for switches in
leg-1 are shown in Figure 8. It is observed that the devices in leg-1 complete switching
transitions at zero voltage within the specified dead time between vy and vg. In Figure 9,
voltage and current in both inductors (L1 & L2) are shown. It is observed that voltage across
both the inductors is low and based on their polarity inductors are charged or discharged. At
rated power, the efficiency of the proposed soft-switched LED driver is found to be 92.24%.

To incorporate dimming feature of lamp currents in the proposed two input configuration, a
switch Qq is connected in series with input voltage and it operates at 100 Hz frequency. It
totally turns ON and OFF all the lamps at selected operating current. Figure 10 illustrates the
dimming waveforms of the lamps, with lamp voltage and currents at 80%, 60%, and 40%
dimming levels in Figures 10 (a), (b), and (c) respectively. It clearly indicates lamps are at
selected current magnitudes and their illumination is controlled by PWM dimming scheme.
The efficiency of proposed configuration at 80%, 60% and 40% dimming conditions are
calculated to be 92.15%, 92.4% and 91.86% respectively.

20V
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10V
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>V 000 9.005 9.010 9.015 9.020 9.025 9.030
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(a) Simulation waveforms of vg1 — Vga.
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(b) Simulation waveforms vag and i;
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Figure 6. Simulation and experimental waveforms of gate voltages of switches, output
voltage of full bridge and resonant current.
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Figure 7. Simulated and experimental waveforms of voltage and current in LED lamp-1
and LED lamp-2
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Figure 8. Simulation and experimental switching waveforms for switches in leg-1.
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(c) Experimental waveforms of gate voltage (d) Experimental waveforms of gate voltage

(vg1), voltage across and current in L;

(vga), voltage across and current in L

Figure 9. Simulation and experimental waveforms of voltage and current in both inductors

(L1 & Ly).
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(b) Lamp currents at 60% dimming
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Figure 10. Dimming waveforms.
6. Conclusion

This research study introduces a two-input powered full bridge converter that aims to reduce
voltage stress in order to power two LED lamps. It details operating principle with different
modes, analysis, design procedures, simulations, and experimental results. The key benefits of
the proposed configuration are: i) reduced power processing ii) voltage across switches in full
bridge is low, iii) zero-voltage switching characteristic, iv) high conversion efficiency, v)
PWM dimming operation, and 6) ability to supply multiple lamps. The voltage across switches
in full bridge is determined by the anti-series input voltages. Additionally, a 72 W
experimental prototype was developed to validate numerical simulations. This configuration
may be operated from future DC-grid to suit various lighting systems in factories, loco sheds,
and main office buildings, etc.
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