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Light emitting diode (LED) lighting industry demands efficient driver circuits to suit various 

lighting applications. The requirements of applications like factory lighting, loco sheds, main office 

buildings etc are different. In such applications, main lighting system must be operated at full 

illumination and local lighting must be controllable. In this research work, an integrated full-bridge 

series resonant converter with zero-voltage switching (ZVS) is proposed to power both local and 

main lighting systems. Two main lamps are powered using inter-leaving concept. Local lighting is 

supplied through series LC resonant circuit. Lamps or strings in local lighting are dimmed 

independently. Both main and local lighting can be regulated using a modified buck-boostconverter 

which is connected in series with input voltage. The ZVS feature of devices in full-bridge converter 

is independent of local LED string currents. In addition conduction losses mainly depend on the 

magnitude of local LED string current. Therefore high conversion efficiency is possible due to low 

conduction and switching transition power losses. Numerical simulations are conducted using 

ORCAD simulation environment and results are used for the validation of proposed resonant 

converter topology for LED applications.  

 

Keywords: Zero Voltage Switching, Resonant converters, Light emitting diodes and Dimming 

Control. 

  

 

1. Introduction 

Lighting loads consume approximately 20% of total electrical energy generated across 

theworld [1-2]. Thus there is enough scope to enhance the energy conservation through 

lighting appliances. Most of the lighting applications are occupied by LEDs due to their 

features such as long life, faster dynamic response, lowcarbon emission, energy efficient light 

source, and environment friendly etc. [3]–[6]. Owing to their benefits, LEDs are 

certainlysubstitutingtraditional lighting systems in automotive, streetlight, residential, factory 

and decorative applications, etc. [7]–[9]. 

LEDs forward voltage and current characteristics are similar to p-n junction diode [10]. 

http://www.nano-ntp.com/
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Moreover illumination output from LEDs depends on forward current. In many applications, 

the operating current of LEDs must be constant and regulated. Hence LED lighting systems 

are powered from constant current regulators. They are also called LED driver circuits. Mostly 

switched mode power electronic converters are used to drive LED lighting systems. 

Different driver circuits have been proposed for different LED lighting applications [11-19]. 

Input modulated full bridge driver circuits with soft-switching feature are presented to power 

multiple identical LED lamps [11-12]. A ripple free LED driver with ZVS feature and reduced 

current stress for street lighting application is proposed [13]. However LED lamps are identical 

and independent dimming and regulation are not addressed. A variable frequency controlled 

high gain integrated buck-boost series resonant converter is used for powering multiple LED 

loads [14]. Two LED lamps with different wattage are supplied from coupled inductor based 

driver circuit with soft-switching [15]. In this paper, leakage energy is used to power one LED 

lamp which limits its rating. The author in [16] address to drive two identical lamps with 

independent dimming with half bridge LC resonant circuit. A multi-output zero voltage 

switched dc-dc converter for LED lighting application using variable inductor is implemented 

[17]. Independent dimming, regulation, ZVS feature, etc. are achieved. Howevervariable 

inductor design and implementation require additional control circuit. Two different wattage 

lamps are supplied using three leg resonant LED converter [18]. It features independent 

operation, dimming and regulation. But the current stress of devices in common leg is high 

and also their ZVS feature is not complete. A half bridge resonant converter for two loads is 

presented in [19]. The major benefits are drives two loads with independent control, however 

the switching logic for independent control makes complex.   

Despite the availability of different LED driver circuits, some applications like factory 

lighting, loco sheds, main office buildings, etc. need converter circuits to fulfil their objectives. 

In this paper, an integrated full-bridge series resonant LED driver circuit is presented to power 

both local and main lighting systems. In this configuration, input voltage is modulated to 

control the currents in both main and local lighting systems. Independent PWM dimming is 

implemented for only local lighting and main lighting is operated at full illumination. The 

organization of the paper is as follows, working principle of proposed converter is presented 

in section 2, followed by mathematical analysis and design parameters of proposed converter 

is presented in section 3 and section 4 respectively. Section 5 describes the dimming control 

and current regulation. The results and discussions are presented in section 6. Finally, the 

conclusions are presented in section 7. 

 

2. Proposed Integrated Series Resonant Converter 

A. Description 

Figure 1 shows the proposed converter configuration for driving main and local lighting. It is 

developed with full bridge inverter (FBI) with four MOSFETs (Q1-Q4) and series resonant 

circuit (SRC).Each MOSFET in FBI is represented with an intrinsic body diode and output 

capacitance.SRC is formed by resonant inductor (Lr), resonant capacitor (Cr) and current 

driven full bridge rectifier (DB1-DB4). ThevAC is output voltage of FBI.Twolocal LED strings 

(LLS) are supplied through SRC. Switches Sdim1 and Sdim2 are used to dim LLS independently. 
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The voltage of LLS is represented by VLLS and current in LLS-1 and LLS-2 are represented by 

iLLS1 and iLLS2 respectively. The ripple in iLLS1 and iLLS2 is minimized by filter capacitor C0. 

Two identical main lamps are used and powered by using multi-phasing or interleaving 

concept. Ripple free current flows in main lamp-1 due to 180o outof phase current in inductor 

L1and L1
'. Similarly, the 180o out of phase current in inductor L2 and L2

' makes current in main 

lamp-2 ripple free. The output voltage/current of main lamp-1 and lamp-2 are represented by 

Vm1 /im1, and Vm2 /im2, respectively. In proposed configuration, input voltage is modulated for 

regulating both main and local lighting systems. The input voltage (VDC) to the FBI is made 

into the sum of three voltages Vin1, Vin2 and VC. A modified conventional buck-boost with 

input voltage Vin2 generates a controllable voltage VC, which can compensate the variations 

in Vin1&Vin2.  

 

Figure 1. Proposed resonant LED driver 

B. Operation of Proposed Configuration 

The gate voltage (vg1&vg2) of equal width with small dead time are applied complimentarily 

for devices Q1 and Q2 respectively. Similarly, vg3 and vg4 are given complimentarily for Q3 and 

Q4. The resonant frequency (f0) of SRC is selected same as switching frequency (fs). The 

operation of proposed configuration in a switching period (Ts) is divided into four modes. 

Operating waveforms and equivalent circuit in each mode are shown in Figure 2 and Figure 

3& 4 respectively. The operating mode are explained in this section. 

Mode I 

At time t=t0, gate voltages to switches Q1&Q4 are given and startconduction at zero voltage. 

From the operative circuit shown in Figure 3(a), the FBI output voltage (vAC) is +VDC and is 

given to SRC. Thus a positive sinusoidal resonant current iris produced and drives local LED 

strings through DB1&DB4. At the same time, interleaving inductors (L1&L1
') of main lamp-1 

discharge and charge linearly. Similarly, (L2&L2
') of main lamp-2 charge and discharge 

respectively. Switch Q1 conducts the sum of resonant current ir and the difference (iL1 – iL2) 

between inductor L1 and L2 current. And switch Q4 conducts the sum of resonant current ir and 

the difference (iL2
' – iL1

') between inductor L2
' and L1

'. At t = t1, gate voltages vg1 and vg4are 

removed. 
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Mode II 

At t = t1,Q1 and Q4are stopped conductionat zero voltage. From the operative circuit shown in 

Figure 3(b), the output capacitance of Q1 and Q4are charged by currents (iL2–iL1)/2 and (iL1 
' – 

iL2
')/2from zero toVDC. At the same instant, output capacitance of Q2 and Q3discharged by (iL2–

iL1)/2 and (iL1 
' – iL2

')/2from VDC to zero. When the voltage across body diode of Q2 and 

Q3greater than -0.7 V, D2 and D3are forward biased. Now gate voltages for switches Q2 and 

Q3 may be given for zero voltage turn on. This mode ends at t = t2. 

Mode III 

During t2 – t3, switches Q2&Q3 are conducting. The operative circuit is shown in Figure 4(a). 

The FBI output voltage (vAC) is -VDC and is applied to SRC. Thus negative sinusoidal resonant 

current ir is generated and it forward biases diodes DB2&DB3 and supplies local LED strings. 

In this mode, interleaving inductor L1 of main lamp-1 charges through Q2 and L1
' of main 

lamp-1 discharges through Q3. Similarly, L2 of main lamp-2 discharges through Q2 and L2
' of 

main lamp-2 charges through Q3. Switch Q2 caries sum of ir and the difference between current 

iL2and iL1. And switch Q3 carries sum of ir and the difference between iL1
' and iL2

'. At t = t3, gate 

voltages vg2 and vg3are removed at zero voltage. 

 

Figure 2.  Operating waveforms 

Mode IV 

From t3 – t4, no switch is conducting. The operative circuit is shown in Figure 4(b). In this 
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mode, output capacitance of Q2 and Q3are charged from zero to VDC by currents (iL1–iL2)/2 and 

(iL2 
' – iL1

')/2respectively. Similarly, output capacitance of Q1 and Q4are discharged from VDC 

to zero by (iL1–iL2)/2 and (iL2 
' – iL1

')/2respectively. When voltage across C1 and C4are less than 

-0.7 V, body diodes D1 and D4 are forward biased. Now gate voltages for switches Q1 and Q4 

may be given for zero voltage turn on. This mode ends at t = t4. 

3. Analysis of Proposed LED Driver 

In order to make the analysis of proposed converter is simple, the following assumptions are 

made. 

(i) The converter is operating in steady state. 

(ii) All the switching components used are assumed to be ideal. 

(iii) The main lamps of the proposed converter are assumed to be identical. 

(iv) The local LED strings are assumed to be identical. 

(v) The voltage across local and main lighting systems are constant. 

The switches in FBI are conducted with equal ON and OFF time duration at fixed frequency. 

Main and local lighting systems are used in the proposed converter. Thus, analysis is provided 

with respect to main and local lighting systems separately. 

 

(a) 

 

(b) 

Figure 3. Operative circuits in(a) Mode I, (b) Mode II 
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A. Analysis of Main Lighting System 

Main lighting system consists of two lamps; main lamp-1 and main lamp-2. The analysis is 

given to main lamp-1 only due to identical main lamp-2. To find the relation between Vm1 – 

VDC, a simplified circuit shown in Figure 5 (a) is drawn. When switches Q1 and Q4 are ON, 

inductor L1 supplies half of the main lamp-1 power through discharging. At the same time, 

inductor L1
' is charged from input voltage (VDC). 

 

(a) 

 

(b) 

Figure 4.  Operative circuits in(a) Mode III, (b) Mode IV 

From the simplified circuit of proposed configuration shown in Figure 5(a), the voltage and 

current in L1 are represented as 
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where )( 01 tiL is the initial current in L1at t = t0 
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where )( 0
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1 tiL is the initial current in L1

'at t = t0. 

The main lamp-1 current is expressed as 
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From Eqn. (2) and Eqn. (4), the ripple current in L1 and L1
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Where DTs is the ON period of switches S1&S4, D is duty ratio and Tsis the switching period. 

When switches Q2 and Q3 are ON, inductor L1 charges linearly from VDC and inductor L1
' gives 

its stored energy to lamp-1 through Q3. From the Figure 5(a), the voltage and current in L1 are 

expressed as 

dt
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Where )( 21 tiL is the initial current in L1at t = t2 

Similarly, the voltage and current in L1
'are represented as 
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Where )( 2
'
1 tiL is the initial current in L1

'at t = t2 

From t2 – t3, main lamp-1current isexpressed as  
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From Eqn. (9) the ripple current in inductor L1is expressed as 
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From (11), the ripple current in inductor L1
'is given as 
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Where (1-D)Ts is the OFF period of switches Q1&Q4 and Ts is the switching period.The voltage 

across lamp-1 can be obtained by applying volt-sec balance either on L1 or L1
' 
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The similar analysis is applicable for main lamp-2, thus ∆iL2,∆iL2
' and Vm2are given as 
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Under continuous current for selected current ripple, the values of (L1&L1
') can be calculated 

from Eqn. (13) and (14) respectively, similarly, values of (L2&L2
') can be calculated from Eqn. 

(18) and (19) respectively. 

B. Analysis of Local Lighting System 

Local LED lighting system consists of two strings; local LED string-1 and local LED string-

2. To derive the relation between VLLS – VDC, an equivalent circuit shown in Figure 5 (b) is 

considered. In the proposed configuration, FBI output voltage (vAC),which is a square wave, 

is given to series resonant circuit (SRC) that produces sinusoidal resonant current (ir). 

Therefore,the relation between VLLS – VDC is derived using conventional ac analysis. SRC 

allows only fundamental voltage component of vAC. The Rac is the ac resistance between the 

terminals B and C. TheXLr and XCr denote the reactance offered by Lr and Cr respectively. 

From Figure 5(b), the relation between VLLS – VDCis calculated as 
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VAC and VBC are the fundamental voltage components present in the square wave voltage of 

magnitude VDC and VLLS respectively. From Figure 5(b), the ac resistance Rac can be calculated 

[20] and is given by. 

LLSac RR
2

8


=     (22) 

WhereRLLS is the dc resistance offered by local LED strings.  

  

Figure 5 (b). Simplified circuit for the 

analysis of main lamp-1. 

Figure 5 (b). AC equivalent circuit for the 

analysis of local LED strings. 

The quality factor (Q) of SRC is defined by  
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Where⍵0 is resonant frequency and it is given by 
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From Eqn. (24), f0 is represented as  
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After substituting Eqn. (23), (23), (26) and (27) in Eqn. (21), the relation between VLLS – VDCis 

finally calculated as 
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4. Design considerations 

A. Main lighting system and its parameters: 

Two identical main lamps are used in the proposed configuration and they are powered through 

interleaving concept. The rating of main lamps, calculation of interleaved inductor values and 

input voltage are presented in section. Equivalent circuit [21] of an LED is required to select 

the parameters related main lighting system. In this research work, TMX HP 3WLEDs are 

used. The v-i characteristics of TMX HP 3WLED are shown in Figure 6. From the 

characteristics, it is found that cut-in voltage (Vth) of LED is 2.3 V, and an operating point at 

forward voltage (VF) equal to 3.42 V and forward current (IF) equal to 0.59 A is chosen. Each 

main lamp is comprised of four strings and seven series LEDs in each string. Therefore each 

main lamp is operated at 23.94 V, 2.36 A and 56 W. And, Vth of each main lamp is obtained 

as 16.1 V.It is observed that output voltage (Vm1 or Vm2) of each main lamp is obtained as 

23.94 V and output current (im1 or im2) through each main lamp is 2.36 A. 

Referring equation (17) and (20), input voltage VDC is given by 

D

V
or

D

V
V mm

DC
−

=
1

)( 21
    (29) 

With a duty ratio (D) of 0.5, and a 21 )( mm VorV of 23.94 V, the input voltage is calculated by 

VVDC  48
5.0

94.23
=  

As the main lamps are identical, each interleaved inductor (L1 or L1
' or L2 or L2

') supplies half 
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of the main lamp current. Interleaved inductor value depends on switching frequency, duty 

ratio and allowable ripple current. In the proposed configuration, ripple current allowed in 

each interleaved inductor is same. Hence equation (19) is used to calculate inductor value and 

L2
'is given by 

TD
i

VV
L

L

mDC )1(
'

2

2'
2 −



−
=     (30) 

With a DCV  of 48 V, a 1mV of 23.94 V, a D of 0.5, a switching period Ts of 8 µs, and the 

current ripple 
'

2Li is taken as1.203 A, the inductor L2
'is given by 

'
112

6'
2 LH80108)5.01(
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)94.2348(
LLL ===−

−
= −   

B. Local lighting system and its parameters: 

Two identical LED strings are connected in parallel in local lighting system and are supplied 

through series resonant circuit. In this section, section of local LED string rating, calculation 

of SRC parameters and input voltage are provided. For an LED in each string, an operating 

point at VF = 3.42 V and IF = 0.59 A is selected. Each string is comprised of 14 series LEDs. 

Therefore, each local LED string is operated at VLLS = 47.88 V, iLLS1 or iLLS2 = 0.59 A and 28 

W. And, Vthof each local LED string is obtained as 32.2 V. In this converter, resonant 

frequency (f0) doesn’t need to be less than switching frequency (fs) to achieve zero-voltage 

switching (ZVS) transition during dead time. A constant current during dead time is provided 

by interleaved inductors. Hence converter operating frequency (125 kHz) is equal to resonant 

frequency. Referring equation (25), resonant inductor (Lr) and capacitor (Cr) are selected as 

50 µH and 33 nF respectively. From equation (28), at fs = f0, the input voltage (VDC) becomes 

equal to voltage across local LED string (VLLS). Therefore VDC ≈ 48 V.The switch output 

capacitors of proposed converter play a crucial role to obtain zero voltage switching. These 

values are calculated by using capacitor basic v-i relation with assumptions (i) current flowing 

through the interleaved inductors are constant and (ii)dead time td1is same as dead time td2and 

both are represented as td. 

The current through switch output capacitors during td1 or td2 is obtained as follows, 

d

DCm
L t

VC
i

2
'' 2,1,2,1
= , where m = 1, 2, 3, 4   (31) 

For a dt  value of 100 ns, mC  can be found as from (31) 

F1250
)48)(2(

)10)(100)(203.1( 9

pCm =
−

 

For proper ZVS, mC is selected a small value than the obtained because dead time is fixed 

between gate signals.  
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5. Regulation and Dimming Control of Proposed Converter 

The proposed converter is designed to operate with fixed duty cycle control, therefore the main 

and local loads must be regulated against the variations in Vin1, and Vin2. The input voltage 

VDC to the proposed converter is obtained from three dc voltages Vin1, Vin2, and VC instead of 

being supplied directly. The variations in Vin1, and Vin2 are compensated by buck-boost 

converter by controlling duty cycle of QB. 

In this converter, main lamps are operated at full illumination. However each local LED string 

is dimmed independently using pulse width modulation (PWM) technique. A switch Sdim1 is 

connected in series with LLS-1 and Sdim2 is connected in series with LLS-2. Both Sdim1 and 

Sdim2 are operated at low frequency (100 Hz) and their turn-on duration decides the average 

current through local LED strings.  

 

Figure 6.TMX HP-3W LED characteristics. 

Table. I Specifications of proposed configuration 
Parameter Value 

Input Voltage VDC 48 V 

Inductors, L1,2,1
’
,2

’ 80 μH 

Resonant Inductor, Lr 50 μH 

Resonant Capacotor, Cr 33 nF 

Switching frequency, fs 125 kHz 

Main lamp Voltages, Vm1, m2 23.94  V 

Main lamp Currents, im1, m2 2.36 A 

Local String Voltage, VLLS 47.88  V 

Local String Current, iLLS1,2 0.59 A 

 

6. Results and Discussion  

The simulation of the proposed converter for local and main LED lighting application shown 

in Figure 1 is performed using OrCAD PSpicesimulation environment. The specifications of 

proposed configuration are shown in Table. I.  
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(a) 

 

(b) 

Figure 7. Simulation waveforms. (a) Gate voltages of switches in FBI. (b) Output voltage 

and resonant current inFBI. 

 

(a) 

 

(b) 

Figure 8. Switching waveforms. (a) vQ1 and iQ1. (b) vQ2 and iQ2. 

The input voltage applied to FBI is 48 V. Eachmain LED lamps is designed to operate at 56 

W and each local LED string is designed to operate at 28 W. Figure 7(a) shows the waveforms 

of gate voltages of switches of FBI.  Figure 7(b) shows the corresponding output voltage and 

resonant current inFBI. It is observed that both main and local lightings are powered with 

equal duty ratio i.e., D = 0.5 and (1 – D) = 0.5. At this condition, the switching waveforms of 

FBI devices are shown in Figure 8. It is clearly noted that turn ON and turn OFF switching 

transitions are accomplished at zero voltage. Figure 9 shows current through each interleaved 

inductor, output voltage and current of main lamps, and local LED strings at full illumination. 

It is shown that the main lamp voltages (Vm1&Vm2) and currents (im1&im2)are at selected value 

without ripple. Similarly, local LED string voltage (VLLS) and currents (iLLS1& iLLS2)are also at 

selected value. At this power, the efficiency of the proposed converter configuration is found 

to be 94.74%. 

 

(a) Currents in interleaved inductors 
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(b) Output voltage of main lamps 

 

(c) Output voltage and current of local LED strings 

Figure 9. Voltage and current waveforms of main and local lighting systems 

In this converter, main lamps are operated at selected power level continuously. To show the 

dimming feature in local LED strings, both LLS-1 and LLS-2 are operated at 60% of selected 

power level by using corresponding dimming switches (Sdim1& Sdim2). Figure 10(a) shows 

current through main lamp and local LED strings. It is observed that the main lamp currents 

(im1&im2)are at selected value, but local LED string currents (iLLS1& iLLS2)are also at 60% of 

selected value. Figure 10(b) and (d) show the voltage and current in switch Q1& Q2 when 

Sdim1&Sdim2 are ON. Figure 10(c) and (e) show the voltage and current in switch Q1&Q2 when 

Sdim1 &Sdim2are OFF. It is clearly evident that switches in FBI are switched at zero voltage. At 

this power, the efficiency of the proposed converter configuration is found to be 95.63%. A 

slight increase in efficiency is due to the reduction in conduction losses of devices in FBI.  

 

(a) Current through main lamp and local LED strings 
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(b) Voltage and current in switch Q1 when Sdim1& Sdim2 are ON 

 

(c) Voltage and current in switch Q1 when Sdim1& Sdim2 are OFF 

 

(d) Voltage and current in switch Q2 when Sdim1& Sdim2 are ON 

 

(e) Voltage and current in switch Q2 when Sdim1& Sdim2 are OFF 

Figure 10. Currents in main and local lighting and switching waveforms at 60% dimming 

of both LLS1 & LLS2 
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(a) Current through main lamp and local LED strings 

 

(b) vAC and irwhen Sdim1& Sdim2 are ON 

 

(c) vAC and irwhen Sdim1 is ON & Sdim2 is OFF 

 

(d) vAC and ir when Sdim1 is OFF & Sdim2 is OFF 

Figure 11. Currents in main and local lighting and switching waveforms at 40% dimming 

of LLS1 &80% dimming of LLS2 
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Independent dimming feature in local LED strings is also addressed. LLS-1 is operated at 40% 

of selected power level and LLS-2 are operated at 80% of selected power level by using 

Sdim1&Sdim2. Figure 11(a) shows current through main lamp and local LED strings. It is 

observed that the main lamp currents (im1&im2)are at selected value but iLLS1 is at 40% and iLLS2 

is at 60% of selected value. FBI output voltage (vAC) and resonant current (ir) when Sdim1=ON 

&Sdim2=ON, Sdim1=ON &Sdim2=OFF, and Sdim1=OFF &Sdim2=OFF are shown in Figure 11(b), 

(c) and (d) respectively. It is observed that magnitude of ir is decreased but fs = f0 condition is 

maintained. To show soft-switching feature during independent dimming of local LED strings, 

voltage and current in switch Q1 when Sdim1=ON &Sdim2=ON, Sdim1=ON &Sdim2=OFF, and 

Sdim1=OFF &Sdim2=OFF are shown in Figure 12(a), (b) and (c) respectively. It is clearly 

understood that Q1 is switched at zero-voltage. Further turn-on and off current magnitude 

during switching are not affected. At this power, the efficiency of the proposed converter 

configuration is found to be 95.87%. 

 

(a) Voltage and current in switch Q1 when Sdim1& Sdim2 are ON 

 

(b) Voltage and current in switch Q1 when Sdim1 is ON & Sdim2 is OFF 

 

(c) Voltage and current in switch Q1 when Sdim1& Sdim2 are OFF 

Figure 12. Switching waveforms at 40% dimming of LLS1 & 80% dimming of LLS2 
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7. Conclusions 

In this research work, an integrated full-bridge series resonant converter is presented to power 

both local and main lighting systems. The ripple in voltage and current of main lighting system 

is very small due to inter-leaving concept. Local LED lighting system is powered through 

series LC resonance with independent dimming. For regulating main and local lighting against 

input voltage fluctuations, a buck-boost converter at the input side is used. The ZVS feature 

of devices in full-bridge converter is independent of local LED string currents. In addition 

conduction losses mainly depend on the magnitude of local LED string current. Therefore 

conduction and switching transition power losses are minimized which increase the proposed 

converter efficiency. This converter configuration may be suitable for applications like factory 

lighting, loco sheds, main office buildings, etc.  
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