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ABSTRACT 

 

ZVS full bridge DC to DC converter is modeled and simulated using Matlab 

Simulink.  Principle of operation and the circuit models are presented.  Switching losses 

and stresses are reduced by employing   zero voltage switching. The hardware is tested 

using the microcontroller based control circuit.   

The plasma display panels (PDP) has the lower efficiency when it operates on TV 

signals and also in case of DC motor when it operates on light loads. To resolve these 

problems effectively, a PWM-controlled quasi-resonant converter (QRC) is presented. In 

this paper the operational principle, design and modeling of QRC DC-DC converters are 

presented. The PWM controlled quasi resonant converter is implemented using PIC 

microcontroller 16F184A. The pi filter in the output is to produce DC with minimum 

ripple. The experimental results and simulation results are presented. The experimental 

results closely agree with the simulation results. 

The results of simulation and hardware of ZVS full bridge DC to DC 

converter and PWM controlled quasi resonant converter are compared. 

 

Keywords:  Zero voltage switching, DC to DC Converter, Microcontroller. PIC 

Microcontroller, Quasi resonant converter, Pulse width modulation. 
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1. INTRODUCTION 

The full- bridge (FB) zero- voltage-switching (ZVS) converter (FBZVS 

converter), [1] - [5], is the most popular topology for DC-DC converters due to fixed 

switching frequency, ZVS operation, high efficiency, low circulating  reactive  energy 

and moderate device stresses. By using a DC blocking capacitor and a saturable 

inductor in series with primary winding, the primary current during the free-wheeling 

interval can be reduced to zero. This circuit is called as the zero - voltage and zero-

current-switching (ZVZCS) FB converter [6] wherein the lagging-leg switches operate 

at ZCS and leading-leg switches   operate with   ZVS.  When the load current is low, 

the loss of ZVS results in increased switching losses, electromagnetic interference 

(EMI) and results in the discharge of snubber capacitor in IGBT.   
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Fig. 1: Circuit diagram of FBZVS converter with current doubler rectifier on the 

secondary side. 

 

 
Fig. 2: Transformer primary and secondary side connections for alternative rectifier 

configurations for the converter. (a) Full-wave full-bridge rectifier. (b) Full -wave 

center-tap rectifier. 

 

Using higher series inductance increases the ZVS range but results in increased loss of 

duty cycle and ringing across secondary-side rectifier diodes.  With consequent 

reduction in transformer turns ratio, primary reflected current and switch conduction 

loss increases [2] , [5]. Using saturable inductor instead of a linear inductor, ZVS 

range can be increased without significantly   losing the duty ratio [7], [8]. However   a 

large-size   core is required to implement the saturable inductor. The energy stored in 

the magnetizing inductance can also be used to aid the ZVS operation. The switch 

current and the conduction loss are significantly increased [9]. In the converter 

proposed in [10] and [11], the stored energy in the magnetizing inductance of auxiliary 

transformer (which is independent of load) is used to extend the ZVS range. Using a 

passive auxiliary "pole” circuit, full–range ZVS operation can be achieved [12] but the 

fixed circulating current results in additional conduction loss. In the above listed 

techniques, except for (2), the range of ZVS operation can be extended at the expense 

of increased full-load conduction loss. Ideally, additional energy storage is not 
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required under full-load condition since the energy stored in transformer leakage 

inductance is sufficient for ZVS operation. The additional stored energy is required 

only when the load current is less. FBZVS converters featuring this kind of adaptive 

energy storage using coupled inductors are reported in [13] and [14]. A passive 

auxiliary add-on circuit for conventional FBZVS converter using a transformer and an 

uncoupled inductor to achieve ZVS operation over the entire conversion range is 

recently proposed [15]. A topology of FBZVS converter is proposed to achieve ZVS 

over entire conversion range with minimum additional conduction loss. The  converter 

does not use auxiliary coupled inductor or transformer, rather, the main power 

transformer is divided in to[17] two half-rated transformers and an uncoupled inductor 

is used to achieve ZVS over entire conversion range. It is particularly suitable in 

applications where the output is required to be adjustable over a wide range and load 

resistance is fixed (e.g.an electromagnet power supply). The Fig. 1 shows the circuit 

diagram of the  FBZVS converter[17]. Four MOSFET or IGBT switches, S1-S4, four 

anti parallel diodes, D1-D4, and four snubber capacitors, C1-C4 constitute the full-

bridge switching circuit. The differences between the modified FBZVS and 

conventional FBZVS converter are as follows. 

 

 The DC blocking capacitor of conventional converter is split into two 

capacitors, Cdc1   and Cdc2 in this circuit. 

 While the conventional converter uses a single high-frequency transformer, it 

is divided in to two transformers Tr1 and Tr2 (with primary-to-secondary turns 

ratio of N: 1) in the modified circuit. 

 The modified circuit has additional inductor La which adaptively stores 

additional energy for ZVS operation when the stored energy transformer 

leakage is inadequate. 

 

The secondary windings of the transformers are connected in series. The leakage 

inductances of both the transformers are shown as lumped inductors LS in series with 

secondary windings. The diodes Dr1, Dr2, inductors  Lf1 ,  Lf2 and capacitor  Cf   form  the 

output current doubler rectifier and filter. R0 is the load resistance and Vd is the input dc 

voltage source. The current doubler rectifier on the secondary side in Fig. 1 can be 

replaced with the full – wave bridge and center - tap rectifiers if connections of the 

transformers for alternative rectifier configurations are shown in Fig. 2. The idealized 

waveforms of the converter with proposed auxiliary circuit in the steady-state are shown 

in Fig. 3. The operating principle of adaptive energy storage in the auxiliary inductor aids 

the full-range ZVS operation. Let D be the duty cycle of the output voltage, VS, at the 

terminals of series-connected secondary windings of transformers Tr1 and Tr2. The key 

waveforms for the operation when D is low are shown by the solid dark lines in Fig. 3. 

The voltages Vg1 –Vg4 are the gate voltage signals for switches S1-S4, respectively. In 

steady- state the voltage across the capacitors Cdc1 andCdc2 is equal to (Vd/2). The resulting 

voltage waveforms across the primary windings of the two transformers are shown as Vp1 

andVp2.Due to the series connection of the secondary windings as shown in Fig. 1, 

Vs=(Vp1+Vp2)/N. The waveform of Vx is a three-step bipolar square-wave voltage 

waveform with amplitude equal to   +(Vd/N) and duty cycle D. The waveform of 

transformer primary current is shown as ip1 and ip2.The load current is low and the energy 

stored in transformer leakage inductance is not sufficient  itself to achieve ZVS of all the 

switchesS1-S4.Under this condition it is desired that the sufficient energy should get stored 

in La so that ZVS of switches can be achieved. The voltage across La can be written as 

VLa=(Vp1-Vp2). The waveform of VLa is a three-step bipolar square-wave voltage 
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waveform with amplitude equal to  Vd and duty cycle (1-D) Therefore, when D is low and 

load current is less, the duty cycle of VLa is high. The peak value of iLa (ILa) is high. 

Sufficient energy is thus available in La to achieve  the ZVS operation. ILa  is derived as 

          (1) 

Where FS= (1/TS) is the switching frequency. 

 

 
Fig. 3: Idealized steady-state waveforms of the modified ZVS full bridge   DC-DC 

converter. 

 

The changes in relevant waveforms for the operation of circuit when D is high are 

shown by the dashed lines in Fig. 3.The load current is high and energy stored in the 

transformer leakage inductance itself is sufficient to achieve ZVS of the switches. Under 

this condition it is desired that the energy storage in La is minimal.  It is quite clear from 

the above discussion and from the waveforms of Fig. 3 that the duty cycle of VLa   is low. 

Therefore  ILa is lower and so is the energy stored in inductor La. In the applications where 

output is fixed (e.g. voltage regulator modules), D is ideally independent of load if output 

filter inductor current is continuous. This continuous conduction mode (CCM) of 

operation is, however, practically restricted to typically up to 20% of the maximum load 

current otherwise the required value and size of filter inductor conduction mode (DCM) 

becomes very large. In discontinuous D reduces with the load current and at no-load 

condition, D ≈ 0. In applications where the output is required to be adjustable over a wide 

range and load resistance is fixed (e.g., an electromagnet power supply), the expression for 

load current (neglecting duty ratio loss) can be written as  
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                        (2) 

Thus, the load current and the auxiliary inductor current in the proposed circuit 

vary opposite to each other. When D is high, load current is high. Energy stored in 

transformer leakage inductance is sufficient for ZVS operation. Auxiliary current is low 

causing low additional conduction losses in the devices. When D is low, load current is 

low and energy in transformer leakage inductance is insufficient for ZVS operation. 

Auxiliary current increases and assist to achieve ZVS operation. Thus the trade-off 

between the ZVS operation and the conduction losses is optimally resolved and full-range 

ZVS is achieved without significantly increasing full-load conduction losses. Although the 

proposed FBZVS converter has two transformers, combined ratings of the two 

transformers is the same as one transformer in the conventional FBZVS converter. The 

primary voltage of the individual transformer in proposed converter   (±Vd/2 ,peak) is half 

as compared to that in conventional converter (±Vd/2 ,peak).Thus the total volt-ampere 

rating of two transformer in proposed converter is the same as  single transformer in 

conventional converter. In high-power applications two half – rated transformers in 

proposed converter can ease thermal management. Similarly, the worst-case DC voltage 

(± Vd) that might appear across two dc blocking capacitors in the proposed converter is the 

same as that in the conventional FBZVS converter.  

Plasma display panels (PDPs) have been considered as the best candidate for flat 

panel displays because of their wide viewing angle, high contrast ratio, and long life span.  

Due to the existence of the dielectric layer, a PDP has a purely capacitive load with 

respect to circuit operation [18]. Since, it not only features pure capacitive load 

characteristics but is also driven by the address display separation (ADS) method, the load 

variation of the sustaining power module is very wide and abrupt in the case of a full-

white screen. Also, the power dissipated by a PDP is the maximum in this case. In the 

ADS method, the operation of a PDP can be divided into three periods known as the 

resetting, addressing, and sustaining periods. Thus, the load 

 

 
Fig. 4: Circuit diagram of PWM controlled quasi resonant converter. 

condition of sustaining power module is varied from no load to full load periodically. 

However, in real PDP TVs, the load condition is strongly dependent on the average pixel 

level (APL), a concept that defines the total light output of a given TV image as a 

percentage of the total light output of a full-white image. Since TV signals typically have 

an APL of 20% or less [21] the sustaining power module is usually operating from no load 

to half load periodically. Moreover, all PDPs have an automatic power control (APC) 

system that limits the power consumption   to some maximum level by automatically 
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reducing the luminance of the PDP. Thus, lower power, compared to that without APC 

system, is dissipated even under the full load condition which corresponds to the full-

white screen [21]. Although the power dissipated during the sustaining period is less than 

the maximum power, it is still the highest power driving the PDP compared to that 

dissipated during the resetting and addressing periods. Therefore, the sustaining power 

module is mainly responsible for overall system efficiency. In addition, when the PDP is 

operating on TV signals, high efficiency is needed primarily under light load conditions. 

Up to now, several dc–dc converters which can achieve high efficiency and low cost have 

been proposed for the sustaining power module of the PDP. Among them, resonant 

converters have been investigated to achieve the prominent characteristics of 

miniaturization, high efficiency, and low noise [24]. However, since a large variation in 

switching frequency is needed to control the output voltage, these converters have some 

difficulties from the view-points of size reduction and noise   [26-31]. To overcome the 

above problems, recently a half-bridge LLC resonant converter has been discussed 

because it has many unique characteristics and improvements over previous topologies[ 

22,23]. An half-bridge LLC resonant converter with a voltage doubler rectifier has a 

simple structure and low-voltage stress on primary power switches. Moreover, since there 

is no secondary filter inductor, the voltage across the secondary rectifier can be effectively 

clamped to the output voltage. Employing rectifier diodes with a low-voltage rating, the 

conduction loss can be greatly reduced. Also, its zero-voltage-switching (ZVS) capability 

is excellent from zero to full load condition [23] .These features make the half-bridge LLC 

resonant converter very suitable for use as a PDP sustaining power module. However, this 

converter has a small magnetizing inductance in order to have a narrow variation in 

switching frequency. This results in not only considerably higher circulating energy on the 

primary side of the transformer, but also in more conduction loss especially in the below-

resonance mode.  In the case of light load conditions, high circulating energy can be a 

serious problem that reduces the system efficiency. In addition, a variable frequency 

control method makes the control circuits much more complicated than those using the 

pulse width modulation (PWM) control method. Even though the half-bridge LLC 

resonant converter has such good features, it shows lower efficiency under light load 

condition. Thus, it is unavoidable that the PDP has the lower efficiency when it operates 

on TV signals. To resolve these problems effectively, a PWM-controlled quasi-resonant 

converter has simpler control circuits and less conduction loss compared to a half-bridge 

LLC resonant converter under light load conditions. As shown in Fig. 3 the proposed 

converter is similar to the half-bridge LLC resonant converter except for the auxiliary 

circuit which is needed to control the output voltage. In the proposed converter, the output 

voltage can be regulated by controlling the voltage across the primary resonant capacitor 

while two main switches are operating at a fixed duty ratio and fixed switching frequency. 

Therefore, the waveforms of both primary and secondary currents can be expected to be 

optimized from the view-points of conduction loss and current stress. A simplified 

variation of the voltage ripple across the primary resonant capacitor, CH , according to 

load conditions in the half-bridge LLC resonant converter which is a frequency controlled 

converter. As the load is changed from a full load to a light load, the variation of the 

resonant voltage ripple of CH gets smaller. Thus, in this converter, the bidirectional 

auxiliary circuit is operating in order to change the resonant voltage ripple using the PWM 

method while two power switches QM1andQM2 are operating with a constant duty ratio (D 

= 0.5)and constant switching frequency. On the other hand, the proposed converter 

employs a voltage doubler type rectifier which has no output inductor. Due to the lack of 

an output inductor, there is no high-voltage ringing across the rectifier diode. Also, by 

choosing the proper capacitance of Co1 and Co2, the additional resonant voltage ripple 
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Fig. 5: Key waveforms of PWM controlled quasi resonant DC to DC Converter. 

 

of Co1 and Co2 helps the variation of the resonant voltage ripple of  CH ,  which is 

controlled by the auxiliary circuit. Moreover, no dc offsets of the magnetizing current and 

magnetic flux can be achieved. Considering the dc value of the current through the 

capacitor is 0A in steady state, the dc values of  Ipri ,ICo1,and ICo2,  (‹Ipri›  , ‹ICo1›,and , ‹ICo2›, 

respectively) are all 0 A, where means‹•› the dc value of  “•”. Isec is equal to ICo1 - ICo2,, . 

Thus, ‹ILM› =‹Ipri ›+ ‹Itran› = 0 A, because ‹Itran›=‹Isec /n›. This means that the dc offsets of 

the transformer magnetizing current and magnetic flux are completely blocked. Therefore, 

the transformer magnetic core is fully utilized, and its power density can be considerably 

increased while the heat generation of the transformer can be greatly reduced. Also, the 

control circuits which generate the gate signals for all power switches can be easily 

implemented by using the simple voltage mode controller. 

 

3. SIMULATION RESULTS 

3i) MODIFIED ZVS FULL BRIDGE   DC-DC CONVERTER 

 

ZVS Full Bridge DC–DC converter is simulated using Matlab and the results are 

discussed in this section. Open loop controlled DC–DC converter is shown in Fig. 6a. 

Scopes are connected to display the driving pulses, inverter output and rectifier output.  

The input and output voltages of the switch M4 are shown in Fig. 6b. The driving pulses 

and voltage across M3 are shown in Fig. 6c. Inverter output voltage is shown in Fig. 6d. 

DC output current is shown in Fig. 6e. DC output voltage is shown in Fig.6f.  

 

 

 



International Journal of Emerging trends in Engineering and Development                                                                              

Issue 2, Vol.4 (May 2012)                                                                                                       ISSN 2249-6149 

 Page 857 
 

 

Fig. 6a: Circuit diagram of modified ZVS full bridge   DC-DC converter 

 

 
Fig. 6b: Driving pulse and voltage 

across M2 switch 

 
Fig.6c: Driving pulse and voltage 

across M3 Switch 

 

 
Fig. 6d: Inverter output voltage (VLA) 

 

 

 

 

 

 
Fig. 6e: Inverter output current (ILA) 

 

 

 
Fig.6f:Transformer winding-1voltage 

. 

 
Fig.6g: Transformer winding-2 voltage 
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Fig. 6h: Output voltage and current

  

3ii) PWM CONTROLLED QUASI RESONANT CONVERTER 

 

PWM controlled quasi resonant converter is simulated using Matlab and the results 

are presented here. Open loop controlled DC to DC converter is shown in Fig. 7a. .Driving 

pulses for M2 and M4 is shown in Fig. 7b. Voltage across M4 switch. is shown in Fig.7c. 

Current through La inductor is shown in Fig. 7d. Transformer primary side voltage is 

shown in Fig. 7e.  Transformer secondary side voltage is shown in Fig. 7f.  Input voltage 

with a step disturbance is shown in Fig. 7g. Output voltage with a step disturbance is 

shown in Fig. 7h. The output voltage increases with the increase in the input voltage. 

 

 

 

 

Fig. 7a:Open Loop Controlled PWM controlled quasi resonant DC to DC Converter 

 

 
Fig. 7b:Driving pulses for M2 and M4 

 

 
Fig. 7c: Voltage across M4 switch. 
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Fig. 7d: Current through La inductor 

 
Fig. 7e: Transformer primary side 

voltage. 

 
Fig. 7f: Transformer secondary side 

voltage. 

 
Fig.7g: Input voltage with disturbance.

 

 
Fig.7h: Output voltage with disturbance. 

 

4. EXPERIMENTAL RESULTS 

4i) MODIFIED ZVS FULL BRIDGE   DC-DC CONVERTER 

 

A 500 w DC to DC converter is fabricated and tested in the laboratory with 

resistive load.  Top view   of the hardware is shown in Fig 8a (i). Control circuit is shown 

in Fig 8a (ii). Driving pulses   are shown in Fig 8b.  Voltage   across the primary   is 

shown    Fig 8c.   Voltage    across   the secondary is shown in Fig 8d. DC output voltage 

is shown in Fig 8e. From the figures 6h and 8e, it can be seen that the experimental results 

coincide with the simulation results. 

 

 
Fig. 8a (i): Topview of Hardware. 

 

 

Fig. 8a (ii): Control circuit. 
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Fig. 8b: Driving pulses. 

   Fig. 8c: Voltage across the primary. 

 
 Fig.8d: Voltage across the secondary 

 
Fig. 8e: DC output voltage 

 

4ii) PWM CONTROLLED QUASI RESONANT CONVERTER  

 

     In order to verify the effectiveness of the proposed converter configuration and its control 

strategy, a cost effective PWM controlled quasi resonant converter has been developed, 

simulated and successful implemented in real time in open loop using PIC 16F877A  Micro 

controller for a prototype. The hardware for PWM-controlled Quasi resonant converter is 

fabricated and tested in the laboratories. The Overview of hardware models is shown in Fig 

9a. , which consists of the input diode rectifier, half bridge LLC resonant converter with 

auxiliary circuit, high frequency transformer and output rectifier with voltage doublers shows 

the input diode rectifier, filter capacitor, voltage regulators, PIC 16F877A microcontroller 

and IR 2110 drivers. The control circuit is shown in Fig. 9b. The voltage across the MOSFET 

is shown in Fig 9c. Transformer primary side voltage is shown in Fig 9d.The output 

waveform is complement of the driving pulse, the voltage across the secondary is shown in 

Fig 9e. DC output voltage is shown in Fig 9f. It can be seen that the DC output voltage is free 

from ripple. From the simulation results and oscillograms of the experimental results it can be 

seen that the experimental results coincide with the simulation results.  

 

 
Fig. 9a: Overview of hardware kit. 

 

 

 
Fig 9b: Control circuit. 
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Fig.9c: Vgs and Vds voltage. 

 

 
 Fig.9d: Transformer primary side 

voltage. 

 
Fig.9e: Transformer secondary side 

voltage 

 
Fig. 9f: Output voltage.

5. CONCLUSION 

  FBZVS DC to DC converter and PWM controlled quasi resonant DC-DC 

converter circuits are simulated and tested. The comparison of these converters confirmed 

that Modified FBZVS DC to DC converter has advantages like. The closed loop circuit 

models are developed and they are successfully used for simulation studies. The 

experimental results closely agree with simulation results. 

 

Table 1.Comparison of FBZVS DC-DC converter and PWM Quasi resonant DC-DC      

              converter. 

 

 

Input 

Voltage(Vin) 

FBZVS DC - DC converter PWM Quasi resonant DC-DC 

converter 

Output 

Voltage (Vo) 

Output Power 

(Pout) 

Output 

Voltage (Vo) 

Output Power 

(Pout) 

                                      

24 

                           

16.15 

                         

2.60 

                           

12 

                         

1.31 

                                     

48 

                           

33.82 

                        

11.44 

                           

24.56 

                        

6.48 

                                      

72 

                            

51.49 

                         

26.52 

                            

39.45 

                         

15.56 

                                    

96 

                          

69.16 

                         

47.84 

                          

53.44 

                         

28.56 
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Fig.10a: Comparison of input and output voltages. 

 
Fig.10b: Comparison of input voltage and output power. 

 

The contribution of the work is to develop the Simulink and embedded controlled 

model of FBZVS DC to DC converter and PWM Quasi resonant DC-DC converter using 

PIC microcontroller 16F184A.  The modified DC to DC converter is a viable alternative 

to the existing   DC to DC converter since it has advantages like high efficiency, low 

stresses, reduced EMI, reduced number of switches, reduced transformer and filter size , 

reduced ripple, reduced switching losses, reduced switching stresses and increased power 

density. Comparison of input and output voltages is shown in Fig.10a.Comparison of 

input voltage and output power is shown in Fig.10b. 

The comparison on the performance of converters is presented in Table 1.The 

results confirm that the modified FBZVS DC to DC converter delivers better performance 

in achieving higher efficiency. The experimental results closely agree with simulation 

results. 
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