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Abstract— The need for DC-DC converters is increasing day 

by day. There are several types of DC-DC converters that 

have been introduced in the recent years. Among these the 

non-inverting buck- boost converters are used to step-up or 

step-down the input voltage based on the requirements. But 

these converters have high switching losses and hence its 

efficiency is reduced. In order to overcome these switching 

losses resonant converters are used. The resonant converters 

are more efficient than the ordinary buck-boost converters. 

By operating the resonant circuit above or below the resonant 

frequency, Zero Voltage Switching and Zero Current 

Switching of MOSFETs are possible. These types of 

switching methodologies reduce the switching losses. Thus 

the overall efficiency of the resonant converter is high when 

compared to the buck-boost converters. In this project, 

MATLAB simulation of closed loop control of LCLC DC-

DC resonant the resonant converter is done using PI 

controller and their performance is analyzed. 
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I. INTRODUCTION 

The DC-DC converters increase or decrease the voltage or 

current level of the supply input to the converters. Several 

topologies of DC-DC converters have been introduced in the 

recent years. There are conventional choppers like inverting 

buck-boost converters, two switch forward converters, 

synchronous four switch converters, etc. Similarly, there are 

resonant converters like serious resonant converter, parallel 

resonant converter, LCL resonant converter, LCLT resonant 

converter, LC-LC resonant converter, etc. All these 

topologies employ MOSFETs that are switched in high 

frequency. Hence, the high frequency switching causes more 

switching losses in MOSFET. Resonant converters reduce 

these switching losses and are more efficient than the 

conventional choppers. 

Resonant converters are switching converters that 

include a tank circuit actively participating in determining 

input to output power flow. The resonant network has the 

effect of filtering higher harmonic voltages such that a nearly 

sinusoidal current appears at the input of the resonant 

network. Thus the output voltage and current waveforms of 

resonant power converters vary sinusoidally during one or 

more subintervals of each switching period. So these resonant 

converters are used in DC-DC voltage conversion systems to 

reduce the losses. The resonant converters have made lots of 

attentions due to high efficiency, high switching frequency 

and high power density. A main advantage of resonant 

converters is that the switching losses are reduced. Resonant 

converters can run in either the zero-current-switching (ZCS) 

or zero-voltage-switching (ZVS) mode. That means the turn-

on or turn-off transitions of semiconductor devices can occur 

at zero crossings of tank voltage or current waveforms, thus 

reducing or eliminating some of the switching loss 

mechanisms. Since the losses are proportional to switching 

frequency, converters can operate at higher switching 

frequencies than comparable PWM converters. The resonant 

converter is expected to have fast response, better voltage 

regulation and improved load independent operation. 

Motivated by these facts, the Resonant Converter has been 

modeled and analyzed for estimating various responses. The 

closed loop models have been simulated using 

MATLAB/Simulink. 

II. PROPOSED SYSTEM 

A. LCLC Resonant Converter  

The LCLC resonant converter is a forth order resonant 

topology which has been successfully used in different 

industrial applications such as space power distribution 

systems, resonant inverters, ion generator power supplies, 

multi lamp operation ballasts, renewable energy power 

conditioning systems, constant-current power supplies and 

dual-output resonant converters. The simplest topologies for 

the resonant converters like series LC or parallel LC resonant 

converters suffer from several drawbacks. The most widely 

applied resonant topology is the LLC series resonant 

converter. While it improves the performance over the LC 

series resonant converter it is still prone to failure at load 

short-circuit. This is where the LCLC series-parallel resonant 

converter improves over the former. 

B. Soft Switching  

Soft switching (ZVS) can best be defined as conventional 

PWM power conversion during the MOSFET’s on-time but 

with “resonant” switching transitions. The technique can be 

considered PWM power utilizing a constant off-time control 

which varies the conversion frequency, or on-time to 

maintain regulation of the output voltage. 

Regulation of the output voltage is achieved by 

adjusting the effective duty cycle by varying the conversion 

frequency. During the ZVS switch off-time, the regulator’s 

L-C circuit resonates traversing the voltage across the switch 

from zero to its peak and back down again to zero when the 

switch can be reactivated, and lossless ZVS facilitated. The 

MOSFET transition losses are zero regardless of operating 

frequency and input voltage representing a significant savings 

in power, and a substantial improvement in efficiency. Such 

attributes make ZVS a good technique for high-frequency, 

high-voltage converter designs. 
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C. Block diagram description 

 
Fig. 1: Block Diagram of DC-DC LCLC Resonant Boost 

Converter 

The DC-DC LCLC resonant converter consists of 

different blocks such as DC supply, switching circuit, 

resonant circuit, rectifier, load and feedback circuit. DC 

power supply unit supplies a constant voltage of 5 volt. The 

switching circuit consists of MOSFETs. This circuit acts as 

an inverter circuit converting constant DC voltage into square 

pulse of amplitude ranging from -5v to +5v. The resonant 

converter is fed with this square pulse. The output voltage and 

current of the LCLC resonant converter is sinusoidal in 

nature. Then, the resulting sinusoidal voltage is stepped up 

using an ideal 1:n ratio transformer. Here the voltage level is 

increased to a required level. Next, the stepped up voltage is 

fed to the rectifier. The rectifier rectifies the sinusoidal 

voltage. A capacitive filter is used to filter the ripples in the 

pulsating DC signal. The load used here is a resistive load. 

The feedback circuit consists of subtractor, PI controller and 

comparator. 

D. Circuit Diagram Description 

 
Fig. 2: Closed loop control of resonant DC-DC converter 

with LCLC configuration 

The LCLC resonant DC-DC converter circuit 

consists of DC/AC converter, resonant LCLC circuit, ideal 

1:n transformer, diode bridge rectifier with capacitive filter, 

load, subtractor, PI controller and PWM generator. Four 

MOSFETs are connected to form a two bridge inverter. The 

switches T1and T3 are fed with the same gate pulse. The 

remaining two switches T2 and T4 are fed with the inverted 

gate pulse that is fed to the former switches. Thus DC/AC 

converter or switching circuit converts the constant DC 

voltage into square pulse.  

The resonant circuit has a LCLC configuration. This 

circuit is also termed as Series Parallel Resonant Converter 

(SPRC).A sinusoidal voltage is obtained at the output of the 

resonant circuit. This sinusoidal voltage is rectified using a 

single phase rectifier. A capacitive output filter is used to 

obtain pure DC voltage. The output voltage is measured and 

then compared with a reference voltage. The resulting error 

signal is processed by PI controller. The processed error 

signal is compared with a carrier signal in the comparator and 

the comparator produces the PWM pulse for switching the 

MOSFETs in the switching or inverter circuit.  

E. Design Calculation 

Initially the values of input voltage, output voltage and the 

series resonant frequency are assumed. 

Let Vin = 5v 

      Vou t= 24v  

      fo = 1KHz            

      n=5  

Voltage Conversion Ratio Equation 

The voltage conversion ratio is given by the equation 

Vo/(nVin) = (4k21)/(пkv)                                      … (1) 

k21=1/√[[1-α.(f2
s,N -1).(1+ [tan(|β|)/ωCpRe])]2 + 

[α.(f2
s,N      -1).(1/ωCpRe)]2]                                   …(2) 

kv=1+0.27.sin(θ/2)                                               …(3) 

Where  

    α = Cp/Cs-  Ratio of the parallel to the series capacitor 

    θ - Output rectifier conduction angle  

    β - Phase displacement of the fundamentals of the voltage 

across the parallel capacitor and the input current of the 

output rectifier 

    ωCpRe - Dimensionless parameter  

    n - Transformer turns ratio  

    fs,N = fs/fo   - Normalized switching frequency  

    fs - Switching frequency  

    fo=1/(2п√(LsCs)) - Series resonant frequency  

F. MATLAB Simulation Model Waveform 

 In MATLAB simulation circuit, all the components specified 

in the circuit diagram is chosen from the Simulink Library 

Browser. The default values of the components are changed 

to the designed values. Then the components are connected 

as per the circuit diagram. 

The sub-systems are created for switching circuit, 

resonant converter, rectifier and feedback. Goto labels in 

feedback sub-system are declared globally so that the gate 

pulse or PWM pulse generated in the feedback sub-system is 

accessible in the switching circuit. Here the voltage and 

current measurement blocks are used to measure the output 

voltage and current respectively. The output of voltage and 

current measurement blocks are connected to the scope block. 

The scope block shows the graphical representation of 

voltage and current with respect to time. 

 
Fig. 3: DC-DC Resonant Boost Converter Circuit in 

MATLAB Simulation 

The whole circuit is constructed and the designed 

values are fed to the components. The power gui block is 

placed at the top left corner of the circuit. This block is 

usually used when the power electronic components are used 

in the MATLAB simulation circuit. Then the run time of the 

simulation is set as 1 second. Then, the simulation is run and 

results are observed in the scope. 
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Fig. 4: Switching Circuit 

The switching circuit consists of four MOSFETs S1, 

S2, S3 and S4. The labels A and B denote the gate pulses from 

the feedback circuit. The gate signal or PWM pulse from A 

are given to the switches S1and S2 .Similarly the gate pulses 

from B is given to the switches S3 and S4. The circuit acts as 

a single phase inverter. Thus the circuit produces a square 

pulse of amplitude ranging from +5V to -5v .The output of 

the circuit is measured using voltage measurement block and 

the output voltage is viewed using the scope. The gate pulses 

fed to the switches are also monitored using scope block. The 

output of switching circuit is given to the LCLC resonant 

circuit.  

The LCLC circuit is designed for a series resonant 

frequency of 1kHz and for the corresponding voltage 

conversion ratio. The circuit resonates either causes Zero 

Voltage Switching (ZVS) or Zero Current Switching (ZCS) 

based on the switching frequency of the switching circuit. 

 
Fig. 5: LCLC Resonant Circuit 

This LCLC resonant circuit converts the square 

pulse input into sinusoidally varying output voltage. The 

amplitude of output voltage varies from +5v to -5v. Then this 

voltage is fed to the primary winding of the ideal 1:n 

transformer. The transformer steps up this voltage to 25v.    

 
Fig. 6: Rectifier circuit 

A single phase rectifier circuit with a capacitive 

filter is used here. The circuit rectifies the sinusoidally 

varying voltage from resonant circuit into pulsating DC 

voltage. A capacitor is used for filtering the ripples in the 

pulsating DC signal. The capacitive filter is more 

advantageous than the inductive filter in case of high voltage 

applications. 

The feedback circuit uses PI controller to achieve 

steady state response in the output. The output voltage is 

measured and then compared with a reference voltage.    The 

resulting error signal is then processed using PI controller. 

The voltage signal obtained from the PI controller is 

compared with a carrier signal using a comparator.  

 
Fig. 7: Feedback Circuit 

The output of the comparator is a PWM pulse which 

is to be fed to the switching pulse as gate pulses. The signal 

given to B block is the inversion of the signal given to the A 

block. The gate pulse or PWM pulse generated can be viewed 

using the scope block.  

G. Simulation Results & Discussions 

The simulation results are observed using scope and 

display blocks. The simulation time can be extended based on 

the time the circuit is to be tested. The simulation results 

reveal the approximate behavior of the circuit which would 

have slight variations from the practical implementation of 

the circuit. Here the output voltage and current waveforms are 

obtained and analyzed for the required output across the load. 

The output voltage is viewed using the scope block. 

The output voltage initially rises and reaches the steady state 

at 0.02 seconds. The output is free from the voltage ripples 

and hence pure DC is obtained in the output at load terminal. 

Thus the converter boosted the 5v DC input to around 24v 
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output. The output voltage remains constant due to regulation 

obtained by the feedback circuit.   

 
Fig. 8: Regulated Output Voltage in MATLAB Simulation 

The variation of the current is similar to that to the 

voltage except that the magnitude varies. The output load 

current increases rapidly and becomes constant after a 

particular point of time. 

 
Fig. 9: Output Current through Load in MATLAB 

Simulation 

The current remains constant, thus satisfying all the 

necessary characteristics of a pure DC signal. 

III. CONCLUSION 

It can be inferred from the simulation that the closed loop 

control of DC-DC LCLC resonant boost converter using PI 

controller gives desirable results. The converter boosts the 

voltage and delivers it as a pure DC signal. Hence this voltage 

can be directly used for supplying the DC loads. The ripple 

content in the output voltage is nearly zero. The electro-

magnetic interference is reduced and hence the noise is 

eliminated.  
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