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A three-leg resonant converter for two output LED lighting
application with independent control
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Warangal, India A three-leg resonant converter is proposed to drive two light emitting diode
(LED) lamps of different power ratings. This may be required when both main
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allow two different frequency currents. Each lamp is powered through a series
resonant circuit and is controlled independently. LED lamp currents are regu-
lated at the desired operating current by using phase-modulation control
and asymmetrical duty ratio control. In addition, pulse-width modulation
(PWM) dimming control is implemented for two LED lamps independently.
The proposed topology has advantages of zero-voltage switching (ZVS), regula-
tion of lamp currents, independent illumination control, and high efficiency. A
126-W prototype has been developed experimentally to confirm its working
principle, performance, and validity.
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1 | INTRODUCTION

Improving the efficiency of lighting systems has become a global challenge. This is due to a significant amount of total
energy being used for these systems. With the recent developments in lighting industry, light emitting diodes (LEDs)
have become more popular and more accessible to general public over conventional sources. The advantages of LEDs
which make them as a promising light source are high operating life, higher luminous efficiency, solid-state character-
istic, eco friendliness, smooth dimming capability, low cost, and good color rendering property.'> At present, LEDs have
entered in almost all lighting applications like signal lighting, street lighting, indoor lighting, transportation, liquid
crystal display (LCD) backlighting, architectural lighting, and parking lighting.*®

The light output from LED is directly related to its forward current. For constant illumination, current needs to be
regulated precisely. Therefore, LEDs are driven by constant current regulators which can be either linear or switching
regulators. However, switching regulators have become a preferred driving solution for LED applications due to their

NOMENCLATURE: a;, Phase angle in HF resonant circuit; oy, Phase angle in LF resonant circuit; f,, High switching frequency [Hz]; f;,, Low
switching frequency [Hz]; f,;, High resonant frequency [Hz|; f,., Low resonant frequency [Hz|; ig-igs, Switch (S;-S,) currents [A]; izgu
Auxiliary inductor current [Al; irquxpeak)» Peak current in auxiliary inductor [A]; i,;, High resonant current [A]; i,,, Low resonant current [A]; Io;,
Lamp-1 output current [A]; Iy,, Lamp-2 output current [A]; Q;, Quality factor of HF resonant circuit; Q,, Quality factor of LF resonant circuit;
Ruc1, Equivalent ac resistance-1 [Q]; R, Equivalent ac resistance-2 [Q]; Ry gp;, Resistance offered by LED lamp-1 [Q]; Ryxp,, Resistance offered by
LED lamp-2 [Q]; Sgim;, PWM dimming signal-1; Sg;,2, PWM dimming signal-2; vg;-vasy, Drain to source voltage of S; to S, [V]; Vpe, Input DC
voltage [V]; V-V, Gate to source voltage of S; to S [V]; Vo;, Lamp-1 output voltage [V]; V., Lamp-2 output voltage [V]
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high efficiency compared with linear regulators.”® As LEDs are operated from dc sources, good number of ac-dc LED
driver topologies have been proposed to meet the essential objectives like power factor correction (PFC) and elimination
of electrolytic capacitor to improve reliability and dimming features.”** And also, DC operated driver circuits have been
proposed for LED applications to enhance dc power distribution in lighting industry.">** LED lighting applications
need efficient light output, independent current regulation, and illumination control to reduce energy expenses.
In the literature, some topologies have addressed independent current regulation and brightness control with high
efficiency.'®21232¢

This paper proposes a driver circuit to drive two LED lamps of different power ratings using a three-leg resonant con-
verter. Both lamps can be controlled independently. It utilizes series resonant circuit for powering each LED lamp. Two
series resonant circuits generate simultaneously two different frequency currents which are mutually unaffected. In
addition, the proposed LED driver offers zero-voltage switching (ZVS), regulation of lamp currents, and pulse-width
modulation (PWM) dimming. This proposed circuit is useful when both main and local lighting are needed. In commer-
cial and domestic lighting applications, lamps of different wattages can be powered and controlled independently.

This work is structured as follows: the proposed configuration is presented in Section 2. Working principle and anal-
ysis of the proposed LED driver are explained in Section 3. In Section 4, design considerations are provided. Dimming
and regulation of lamp currents are discussed in Section 5. Both simulation and experimental results are presented in
Section 6. Finally, Section 7 concludes the paper.

2 | PROPOSED CONFIGURATION

The proposed three-leg resonant converter for LED applications is shown in Figure 1. Leg-1 and leg-2 form one full
bridge inverter, which is operating at high frequency (HF). Similarly, leg-1 and leg-3 form another full bridge inverter.
Leg-3 is switched at low frequency (LF). Series combination of L,;, C,;, and a full bridge rectifier formed by D, to D, is
connected between leg-1 and leg-2. Similarly, series connection of L,,, C,,, and a full bridge rectifier formed by D5 to Dg
is connected between leg-1 and leg-3. Inductor L,; and capacitor C,, are selected to respond to the fundamental compo-
nent in the voltage between leg-1 and leg-2 to output stage. Inductor L, and capacitor C, respond to only LF funda-
mental component in the voltage between leg-1 and leg-3 to output stage. Capacitor Cy; and C, are filter capacitors
which make LED lamp-1 and lamp-2 voltages constant, respectively. An auxiliary inductor L, is connected between
leg-1 and leg-2 to improve ZVS conditions in switches S; and S,.

3 | OPERATION AND ANALYSIS OF THE PROPOSED LED DRIVER
A. Operation of the proposed driver

The switches in full bridge formed by leg-1 and leg-2 are alternately switched on for 50% duty cycle and off for 50%
duty cycle at fixed HF. Switches in leg-3 are alternately switched on for 50% duty cycle and off for 50% duty cycle at fixed
LF. To prevent short circuit across the dc power supply, sufficient dead time must be inserted between the gate voltages
of each leg. However, it is not displayed in the operating waveforms of the proposed LED driver shown in Figure 2. The
switches in leg-1 and leg-2 produce a square wave voltage v,p. Similarly, switches in leg-1 and leg-3 produce voltage vac
which contains both HF and LF voltage waveforms. The concept of series resonance is used for powering both LED
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FIGURE 1 Schematic of the proposed
Leg-1 Leg-2 Leg-3 LED driver
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FIGURE 2 Operating waveforms of the proposed LED driver

lamps. The HF resonant circuit is formed by series connection of L,; and C,;, diode bridge rectifier by D;-D, and LED
lamp-1. The LF resonant circuit is formed by series connection of L, and C,,, diode bridge rectifier by D5 to Dg, and
LED lamp-2. HF resonant circuit offers low impedance to fundamental component of v g. Thus, HF alternating current
ir; is generated. And it is rectified and filtered to feed LED lamp-1. Similarly, LF resonant circuit offers low impedance
to only LF fundamental component of v,c. Thus, LF alternating current i, is produced, which is rectified and filtered to
power LED lamp-2.

B. Analysis of the proposed LED driver

The following assumptions are considered to analyze the proposed LED driver:
The converter is operating in steady state.
The power MOSFETs and power diodes are ideal.

The voltage across each LED lamp is constant.
The exponential decay in fundamental current during transient is neglected.

o o

In the proposed converter, v,p of magnitude V. is applied to the HF resonant circuit. Similarly, vac, which is a sum
of HF and LF square waves of magnitude V4./2, is applied to the LF resonant circuit. These resonant circuits allow only
fundamental components. Therefore, conventional AC analysis can be used to calculate the static gain of the proposed
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converter. The AC equivalent circuit of the proposed LED driver circuit is shown in Figure 3A. The analysis is given for
only LED lamp-1. Similar analysis is applicable to LED lamp-2.

The HF resonant circuit filters all the harmonic voltage components except the fundamental component present
in the voltage v g. The AC resistance R,.;, which is used in the AC equivalent circuit, accounts for the nonlinearity
present in the rectifier. The reactance offered by L,; and C,; are denoted as X;,; and X, respectively. From the
equivalent circuit shown in Figure 3A, the static gain of the proposed driver is represented by using a simple voltage
division principle:

Vs _ R _ 1 )
Vag  Reer + j(Xpn —Xcn) [1 + .(XLrl _XCr1>:| '
IN—
Racl

Note that V5 is the fundamental component of the square wave voltage applied to the HF resonant circuit and Vpg
is the fundamental component of the square wave voltage of magnitude Vj, across R,.;. The AC resistance R, is
calculated by using the circuit shown in Figure 3B in which the resistance offered by LED lamp-1 is represented as
Riep1- The R, is given by

VDB(rms) - 4V01 7'[101 _ 8 V01 8

Ry = = = = —R 2
acl Irl(VWIS) \/EH/Z\/E 72 101 72 LED1 ( )
and
XLrl = 27Tthr1 (3)
1
Xen =—7— 4
Crl Zﬂfhcrl ( )
The sharpness in the HF resonant current is measured by quality factor (Q,), and it is defined by
wo1L 1
Q= = 5)
Rigp1 @01CnRiep
where, w,; is the high resonant frequency in radians per seconds, and it is given by
@ 27 (f ) ! (6)
0,1 = =
| P VInCn
Therefore, high resonant frequency in hertz is represented as
1
(7

Jor= [271v/LnCr|
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FIGURE 3 A, AC equivalent circuit. B, Equivalent circuit for R,
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By substituting Equation 2, 3, 4, and 5 in Equation 1, the gain is finally expressed as
Vor _ Vor/x _ Vo _ ! ®)
VAB 4Vdc/n. Vdc 14 _7T2Q fh fO.l
]_ —_—
8 '\f o1 Jn

The steady-state analysis for LED lamp-2 is similar to aforementioned analysis under 50% duty cycle of leg-3
switches. Hence, the static gain of the proposed converter with respect to LED lamp-2 is given as

Vic _ Yo/, Ve 1
7 i Joz
1+ jQy - -2
g (f 7, )]

VAC ZVdc/” B Vdc -
where, V¢ is the fundamental component of the square wave voltage applied to the LF resonant circuit, Vgc is the
fundamental component of the square wave voltage of magnitude V, across R,.,. Q; is the quality factor of the LF res-
onant circuit and is defined as

9)
2

_ @oaLp 1

Q, = = (10)
> Ruzm @02CrRrED2
and fy , is the low resonant frequency in hertz and is represented as
1
(11)

f0’2 - [27Tv Lr2cr2] .

4 | REGULATION OF LED LAMP CURRENT AND DIMMING CONTROL

In the proposed configuration, if input voltage V. is changed, the operating voltage and current of both the LED lamps
are changed. Consequently, the illumination from the both LED lamps changes. Therefore, LED lamp currents need to
be regulated against variation in input dc voltage V4. To regulate LED lamp-1 current against variation in Vg, phase-
modulation control is used. In this control, input voltage to the HF resonant circuit vp is controlled by phase shifting
the sequence of conduction for switches in leg-1 and leg-2. A phase angle (oy,) between the gate voltages of switches
in leg-1 and leg-2 provides a phase-modulated voltage v g as shown in Figure 4A. Similarly, to regulate LED lamp-2
current against variation in Vg, asymmetrical duty ratio control is applied for switches in leg-3. In this control, input
voltage to the LF resonant circuit va¢ is controlled based on unequal duty cycle operation of switches in leg-3. A phase
angle (o) between the gate voltages of switches in leg-3 achieves asymmetrical voltage v c as shown in Figure 4A.
Because only fundamental voltage components are allowed by both HF and LF resonant circuit, their magnitudes®’
are given as

4V
Vg = —%cos (%) (12)
T 2
2V
Vae = —%cos (@> . (13)
V4 2

By substituting Equations 2, 3, 4, 5, and 12 in Equation 1, the static gain of the proposed LED driver with respect to
LED lamp-1 is modified as
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FIGURE 4 A, Switching sequence and input voltages to HF and LF resonant circuits under LED lamp regulation. B, Dimming signals and
input voltages to HF and LF resonant circuits and both LED lamp currents

Vor _ cos (%)
Ve 7 fu Jfox .
1 +J§Q1 (Jﬁ_ﬁ>]

By substituting Equations 2, 3, 4, 5, and 13 in Equation 1, the static gain of the proposed LED driver with respect to
LED lamp-2 is modified as

(14

COoS (al)
y @
sz - y (15)
C

.7T2 f fo,z .
1 +]§Q2 (jT;_Tl>]

The magnitude of input voltage V4. can be found by using either Equation 14 or Equation 15 by selecting the LED
lamps, high switching, and resonant frequency and low switching, and resonant frequency. The variation in V. is com-
pensated by adjusting phase angle (o) in the HF resonant circuit and phase angle (o) in the LF resonant circuit.

Adjustable illumination in the LED lamp is called dimming. It is an important requirement for LED applications
which improves power saving. Good number of techniques for dimming operation have been presented, such as ampli-
tude modulation (AM),*® pulse width modulation (PWM),*® double PWM, > bilevel current control,* on-off control,**
etc. These techniques have been employed depending upon application due to their merits and demerits. In the pro-
posed paper, PWM dimming is incorporated independently for both LED lamps. To realize PWM dimming in LED
lamp-1, the input voltage to the HF resonant circuit v,p is made zero by dimming signal Syi,;. To implement PWM
dimming in LED lamp-2, the input voltage to the LF resonant circuit vac is made zero by dimming signal Sgin,. Thus,
average currents through both LED lamps are controlled independently without changing the operating voltage and
current. The two dimming signals, voltages vag and vac, and LED lamp currents are shown in Figure 4B.

2
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5 | DESIGN CONSIDERATIONS

The approximated model®® of an LED is considered to select the component values of the proposed driver circuit. In the
proposed LED driver, two LED lamps are used. In LED lamp-1, four parallel strings are used. In each LED string, 13
LEDs are connected in series. In LED lamp-2, four LED strings are connected in parallel. In each string, six LEDs
are connected in series. The operating point for each LED is selected at 3.25 V, 510 mA. And the cut-in voltage of each
LED is 2.32 V. Therefore, operating voltage and current of LED lamp-1 are 42.25 V and 2.04 A. And operating voltage
and current of LED lamp-2 are 19.5 V and 2.04 A. Consequently, power consumed by LED lamp-1 and lamp-2 are 86
and 40 W, respectively.

A. Selection of switching frequencies

The criteria for selecting f;, and f; should not affect the operation of HF and LF resonant circuits. The HF component
of v5p should power only the HF resonant circuit. The LF component of v5c should power only LF resonant circuit. To
make this happen, f;, should be far greater than fj. f;, can be taken either as integer multiples or as noninteger multiples
of fi. If f;, is noninteger multiples of fj, the effect of the harmonic component of f; on the HF resonant circuit can be
avoided to a large extent. Hence, f;, is selected at 168 kHz, and f; is selected at 30 kHz. For ZVS, f,; and f,, are to be
selected 5% to 10% less than f, and fj, respectively. Thus, f,; is selected at 153 kHz, and f,, is selected at 28.67 kHz.

B. Calculation of HF resonant circuit parameters

The product of L;; and C,; is obtained from Equation 7, and it is expressed as

2
L} . (16)

LnCh = an
0,1

After selecting fj; as 153 kHz, Equation 16 is expressed as
L1Cpx =1.082 %1072, 17)
From Equation 5, quality factor Q, is expressed as

— 1 ﬂ (18)
Rigm V Cr

Q

With Q; = 1.52 and Ry gp; = 20.83 Q, from Equations 17 and 18, the inductor L,; and capacitor C,, are calculated as
33 uH and 33 nF, respectively. To allow a ripple current of less than 10% of I; in LED lamp-1, C, is selected as 1.22 uF.

C. Calculation of LF resonant circuit parameters

From Equation 11, the product of L, and C,, is expressed as

2
;] | @)

LrZCrZ - 27'L'f
0,2

After selecting f,, as 28.67 kHz, Equation 19 is expressed as

LsCry = 3.082x 10711, (20)

From Equation 10, quality factor Q, is expressed as

= 1 Lr (21)
Riep2 V Crp

Q,
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With Q, = 2.64 and R gp, = 9.558 Q, from Equations 20 and 21, the inductor L., and capacitor C,, are calculated as
140 pH and 0.22 uF, respectively. To allow a ripple current less than 10% of Iy, in LED lamp-2, Cy, of 14.7 uF is selected.

D. Calculation of input dc voltage V.

In this configuration, +5% variation in Vy. is considered. The criteria to calculate V. is that at a minimum value of
Ve ie (Vge — 5%), the switches in all the three legs are at 50% duty ratio. In other words, voltage vag and vac are full
square wave voltages. Thus, Equation 8 or Equation 9 can be used to calculate V.. With Vi; of 42.25V, Q; of 1.52, f;, of
168 kHz, and f,; of 153 kHz, the input voltage V. is calculated from Equation 8 as

42.25 1

1-0.05)Va 2
( Ve 1+j%1‘52(0.187)

= Vg.=48V

After selecting V., the phase angle oy, and o can be calculated from Equations 14 and 15, respectively, by substitut-
ing Vg. = 48 V.

E. Calculation of auxiliary inductor's value L,

TABLE 1 Parameters of the proposed LED driver

DC input voltage, V. 48 + 5% V
High switching frequency, f 168 kHz
High resonant frequency, f,; 153 kHz
Resonant inductor L, 33 uH
Resonant capacitor Cyq 0.033 uF
Output capacitor Cy; 1.22 uF
Forward voltage of each LED 325V
Operating current of each LED 510 mA
Threshold voltage of each LED 232V
Vo 4225V
Iy 2.04 A
Poy 86 W
Low switching frequency, f; 30 kHz
Low resonant frequency, f,» 28.67 kHz
Resonant inductor L, 140 uH
Resonant capacitor C,, 0.22 uF
Output capacitor Cyp, 14.7 uF
Voo 19.5V
Ioa 2.04 A
Poa 40 W
PWM dimming frequency 100 Hz
Switching devices used IRF 540 N
Power diodes used MUR 860
Control ICs used UC 3875, SG 3525
Driver ICs used IR 2110
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In the proposed configuration, leg-1 is common for both HF resonant circuit and LF resonant circuit. Therefore,
switches in leg-1 conduct sum of the HF resonant current (i,;) and LF resonant current (i,,). Hence, certain ZVS con-
ditions are affected for leg-1. To reduce this effect, an auxiliary inductor L, is connected between leg-1 and leg-2. This
inductor L, increases turn-on and off current for switches in leg-1. The voltage across L.,y is +Vg4.. Hence, current
through L, is triangular. And peak current through L, appears during dead time between gate voltages of leg-1
switches. The peak current through L, at V4. — 5% is expressed as

0.95V 4. Ty,

22
4Lqux (22)

iLaux(peak) =

The value of i;4ux(peaiis inversely proportional to the value of L, for a fixed V4. and Ty, FOT ipqux(pear)0f 2.26 A, Vqc
of 48 V, and Ty, of 5.952 us, L, is calculated as 30 uH.

6 | SIMULATION AND EXPERIMENTAL RESULTS

To verify the feasibility of the proposed configuration for LED applications, a total of 126-W prototype has been imple-
mented. It is first simulated using OrCAD PSpice software, and then experimental prototype has been developed and
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FIGURE 5 A, Schematic of control circuit of the proposed LED driver. B, Experimental prototype [Colour figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 6 Simulated waveforms of HF resonant circuit at full illumination. A, Input voltage to the HF resonant circuit and HF resonant
current. B, Input voltage to the HF resonant circuit and auxiliary inductor current. C, Voltage and current of LED lamp-1. D, FFT of HF
resonant current
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FIGURE 7 Experimental waveforms of HF resonant circuit at full illumination. A, Input voltage to the HF resonant circuit and HF
resonant current (vag: 50 V/div; i,y 5 A/div; time: 2 ps/div). B, Input voltage to the HF resonant circuit and auxiliary inductor current
(Vap: 50 V/div; ipaux 5 A/div; time: 2 ps/div). C, Voltage and current of LED lamp-1 (Vo;: 25 V/div; In;: 1 A/div; time: 2 ps/div). D, FFT of HF
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FIGURE 8 Simulated waveforms of LF
resonant circuit at full illumination. A,
. N Input voltage to the LF resonant circuit
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Erequency(iHiz) current of LED lamp-1. C, FFT of LF
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FIGURE 9 Experimental waveforms of LF resonant circuit at full illumination. A, Input voltage to the LF resonant circuit and LF resonant
current (Vac: 50 V/div; i,: 5 A/div; time: 8 us/div). B, Voltage and current of LED lamp-2 (Vy,: 12.5 V/div; I, 1 A/div; time: 8 us/div). C, FFT
of LF resonant current (i,: 1 A/div)

verified. Table 1 shows the parameters used in the proposed LED driver. Figure 5A shows the schematic of the control
circuit of the proposed configuration, and the experimental prototype is shown in Figure 5B. Both LED lamps are
powered with input voltage V4. = 48 V. Figures 6 and 7 show the simulated and experimental waveforms of the pro-
posed LED driver for the HF resonant circuit at full illumination, respectively. It is observed that the experimental
waveforms of the HF resonant circuit are in good agreement with simulated waveforms. Further, fast Fourier transform
(FFT) of i;; shows that it has only fundamental current component and has negligible LF resonant current component.
Figures 8 and 9 show the simulated and experimental waveforms of the proposed LED driver for the LF resonant circuit
at full illumination, respectively.

It is observed that the experimental waveforms of the LF resonant circuit are in good agreement with simulated
waveforms. Also, FFT of the LF resonant current i, shows that it has only fundamental current component and has
negligible HF resonant current component. To show the ZVS feature in this LED driver, experimental switch voltage
and current waveforms of HF legs are shown in Figure 10. It is observed that switches in leg-1 and leg-2 are turned
on and off at zero voltage. Thus, switching losses are reduced. Hence, the efficiency of the proposed converter is high.
Also, the efficiency of the proposed LED driver at full illumination level of both HF and LF resonant circuits is found to
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FIGURE 10 Experimental switch voltage and current waveforms at full illumination. A, Voltage and current in switch S; (vgg: 25 V/div;
ig1: 5 A/div; time: 2 us/div). B, Voltage and current in switch S, (Vqsp: 25 V/div; igp: 5 A/div; time: 2 us/div). C, Voltage and current in switch
S3 (Vas3: 25 V/div; ig3: 2 A/div; time: 1 ps/div). D, Voltage and current in switch Sy (Vasa: 25 V/div; ig4: 2 A/div; time: 1 ps/div)

@ T

FIGURE 11 Dimming waveforms. A, Voltage and current of LED lamp-1 at 70% dimming (V¢,: 25 V/div; I;: 2 A/div; time: 4 ms/div). B,
Voltage and current of LED lamp-2 at 50% dimming (Vo,: 12.5 V/div; Ip: 2 A/div; time: 4 ms/div)

be 92.45%. The proposed LED driver is also powered with +5% variation in Vg at full illumination of both LED lamp-1
and lamp-2. Under —5% variation in Vg, the efficiency of the driver is found to be 91.3%. And under +5% variation in
Vg, the efficiency of the driver is found to be 90.87%.

In the proposed LED driver, LED lamps can be dimmed independently. Figure 11A shows LED lamp-1 voltage and
current at 70% of full illumination, and Figure 11B shows LED lamp-2 voltage and current at 50% of full illumination
with Vg, = 48 V. At this illumination level, the voltage and current waveforms of switches in HF legs are shown in
Figure 12. It is observed that LED lamp voltage and currents are at their operating values when their dimming signal
is ON. When their dimming signal is OFF, LED lamp currents become zero, and LED lamp voltages drop below their
cut-in voltages. It is also observed that switches are turned and off at zero voltage under dimming operation also. The
efficiency curves of both LED lamps under various dimming levels are shown in Figure 13. Figure 13A shows the effi-
ciency curve of LED lamp-1 under various dimming levels by keeping LED lamp-2 at full illumination. Similarly,
Figure 13B shows the efficiency curve of LED lamp-2 under various dimming levels by keeping LED lamp-1 at full illu-
mination. It is observed that high efficiency is guaranteed at any dimming level of both LED lamps. A relative compar-
ison between the proposed topology and other topologies for LED lighting applications is given in Table 2. The proposed
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FIGURE 12 Experimental switch voltage and current waveforms under dimming operation. A, Voltage and current in switch S; (Vge:

o

o

25 V/div; ig;: 5 A/div; time: 2 ps/div). B, Voltage and current in switch S, (vgs: 25 V/div; igy: 5 A/div; time: 2 ps/div). C, Voltage and

current in switch Sz (Vgs3: 25 V/div; ig3: 2 A/div; time: 1 us/div). D, Voltage and current in switch Sy (Vgss: 25 V/div; ig4: 2 A/div; time: 1 ps/div)
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FIGURE 13 Efficiency curves of both LED lamps under various dimming levels. A, Efficiency curve of LED lamp-1 under various
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dimming levels. B, Efficiency curve of LED lamp-2 under various dimming levels

TABLE 2 Comparison between the proposed topology and other topologies

Feature

ZVS

Input voltage

Total output power

Peak efficiency

Component count per lamp
LED lamps

Wattage of all LED lamps
Dimming

Independent dimming
Extension to multiple lamps

Current regulation

Ref.’®

Yes
48 V DC
20 W
93.4%
High
4
Different
Yes
Yes
Yes
Yes

Ref.”!

Yes
150 V DC
30 W
95.5%
Moderate
2
Different
Yes

Ref.?®

Yes
380 VDC
50 W
90.5%
Moderate
1

Yes

Yes
Yes

60 70
Saimz duty(%)

(B)

80 90 100

Ref.* Ref.>® Ref.%¢
Yes No Yes
100-240 V AC 12V DC 400 V DC
100 W 24 W 200 W
92% 91.7% 92.8%
High Low High
2 2 2
Same Same Different
Yes No Yes
Yes No Yes
Yes Yes Yes
Yes Yes Yes

Proposed

Yes
48 V DC
126 W
92.45%
Moderate
2
Different
Yes
Yes
Yes
Yes
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configuration can handle large power with low input voltage. Low voltage rating switching devices and diodes can be
used in this configuration. Besides, its efficiency is comparable with other configurations.

7 | CONCLUSIONS

In this paper, a three-leg converter has been developed to power two LED lamps with different power ratings. Need of
lamps of different wattage may arise when both main lighting and local lighting are required. The proposed converter
operates at two different frequencies simultaneously. Two series resonant circuits generate two different frequency com-
ponents which are used for powering LED lamps. Both LED lamps can be regulated at the required operating voltage
and current. Further, both LED lamps can be dimmed independently. Hence, this driver provides independent load
control. This converter operates with ZVS. High efficiency is obtained at any dimming level of both LED lamps. The
proposed topology can be suitable for smart lighting applications. It can be powered from low voltage dc grid or
battery-operated systems.
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