
IJCST Vol. 3, ISSue 4, oCT - DeC 2012  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 518   InternatIonal Journal of Computer SCIenCe and teChnology

Full Bridge DC-DC Step-Up Converter With 
ZVZCS PWM Control Scheme

1J. Sivavara Prasad, 2Y. P. Obulesh, 3Ch. Saibabu, 4S. Ramalinga Reddy
1,2LBRCE, Mylavaram, AP, India

3JNTUK, Kakinada, AP, India
4ACE, Madanapalle, AP, India

Abstract
Full Bridge (FB) DC–DC converter is an attractive topology for 
high power level applications. Pulse Width Modulation (PWM) 
current-fed full bridge dc–dc step-up converters are typically used 
in applications where the output voltage is considerably higher 
than the input voltage. In this paper, a comparison is made between 
two converter topologies of this type—the standard Zero-Voltage 
Switching (ZVS) active-clamp topology and a new Zero-Current 
Switching (ZCS) topology. This paper begins with a review of 
the operation of the ZVS active-clamp converter and that of ZCS 
converters in general; the advantages and disadvantages of each 
approach are stated. A new ZCS-PWM current-fed dc–dc step up 
full-bridge converter is then introduced. Finally, a comparison of 
the performance of the two converters is made and conclusion 
based on this comparison is stated. Finally the full bridge DC-
DC buck converter is simulated with the help of MATLAB 
simulink.
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I. Introduction
ZVS Full-Bridge (FB) Pulse Width Modulation (PWM) converters 
have received considerable attention in recent years. This converter 
is controlled by a phase-shifted PWM technique which enables 
the use of all parasitic elements in the bridge to provide ZVS 
conditions for the switches. Distinctive advantages including ZVS 
with no additional components, and low-device voltage/current 
stresses make it very attractive for high-frequency high-power 
applications, where MOSFET’s are predominantly used as the 
power switches. The IGBT’s, however, are not suited for the ZVS 
FB PWM converter because the ZVS range is quite limited unless 
the leakage inductance is very large. In addition, several demerits 
such as duty-cycle loss and parasitic ringing in the secondary limit 
the maximum power rating of the converter.
Pulse Width Modulation (PWM) current-fed full-bridge step-up 
converters like the one shown in Fig. 1 are the preferred option for 
these applications because they have two mechanisms by which 
the input voltage can be stepped up—the main power transformer, 
which is a step-up transformer, and the “boosting” nature of the 
converter itself. In brief, the converter operates as follows: during 
a typical switching cycle, the input current falls and the converter 
is in an energy transfer mode when only a pair of diagonally 
opposed switches is ON. The input current rises, but no energy 
is transferred to the output, when all switches are ON and the 
converter is in a step-upping mode. The sequence of gating signals 
that the converter operates within a typical switching cycle is as 
follows: Q1 and Q4 ON, all bridge switches ON, then Q2 and 
Q3 ON and again all switches ON. In other words, an energy 
transfer mode when only a pair of diagonally opposed switches 

is ON is always followed by a “step-using” mode where all the 
switches are ON and no energy is transferred. A PWM full-bridge 
step-up converter can be implemented with either Zero-Voltage 
Switching (ZVS) or Zero-Current Switching (ZCS) depending on 
the application. In general, the use of ZVS converters is preferred 
for applications where MOSFETs are used, where the input voltage 
is high and the input current is low or medium, and where turn-on 
switching losses dominate. The use of ZCS converters is preferred 
in applications where Insulated Gate Bipolar Transistors (IGBTs) 
are used, where the input current is high, and where conduction 
losses dominate. 
ZCS converters are rarely used in applications where the input 
voltage is very low (i.e., 12 V–48 V) such as in fuel cell converters, 
because the converters in these applications are implemented with 
OSFETs and not IGBTs. The low dc voltages that the converter 
switches are exposed to do not allow for the use of IGBTs as 
very low voltage IGBTs (<400 V) are unavailable. If a review of 
the power electronics literature is made, it can be seen that ZCS 
techniques are associated with IGBT and ZVS techniques are 
associated with MOSFETs, and that it has, thus, been assumed 
that ZCS techniques are, therefore, unsuitable for converters with 
very low input voltages. The objective of this paper is to show 
that this assumption is not necessarily true.
In this paper, a comparative study of two PWM dc–dc full bridge 
step-up converters—a ZVS converter that uses the standard active-
clamp technique and a new ZCS converter—is presented. The 
operation of the ZVS active-clamp converter is explained and its 
strengths and weaknesses are stated. After a review of the existing 
ZCS converters, a new ZCS-PWM step-up full-bridge converter is 
introduced. The operation of the new converter is explained and 
analyzed, and a procedure for the design of its key components 
is given and demonstrated with an example. Experimental results 
obtained from a prototype of ZVS active-clamp converter and 
the new ZCS converter is presented. Finally, a comparison of 
performance of the two converters is made and conclusion based 
on this comparison is stated.

A. Converter Wave Forms
The modes of operation that the new converter goes through during 
half of a steady-state switching cycle are explained in this section 
and a mathematical analysis of each mode is performed. It should 
be noted that the analysis that follows is approximate and that the 
following has been assumed:

All converter components are ideal.•	
All parasitic inductances are negligible and can be •	
neglected. 
The transformer magnetizing current is negligible and can •	
be	neglected.	Typical	converter	waveforms	are	shown	in	fig.	
2. 
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Fig. 1: PWM Current-Fed Full-Bridge Step-Up Converter

Fig. 2: Converter Waveforms

B. Simulation Results
The simulation is done using matlab simulink and the results are 
presented here. The simulink circuit of ZVS FB DC to DC Step-up 
converter	is	shown	in	fig.	3(a).	Driving	pulses	for	the	MOSFET	
s	are	shown	in	fig.	3(b).	The	voltage	across	the	primary	of	the	
transformer	is	shown	in	fig.	3(c).	The	voltage	across	secondary	
of	the	transformer	is	shown	in	fig.	3(d).	and	output	voltage	is	
shown	in	fig.	3(e).		

Fig. 3(a): Simulink Circuit Diagram of ZVS Half Bridge DC-DC 
Converter

Fig. 3(b): Gate Signal of Switches S1, S2, S3, S4

Fig. 3(c): Transformer Primary Voltage
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Fig. 3(d): Transformer Secondary Voltage

Fig. 3(e): DC Output Voltage

II. ZVS-PWM Full-Bridge Step-Up Converter with Active 
Clamp
The most widely used current-fed full-bridge converter for 
applications with low input dc voltages is the ZVS active-clamp 
converter	shown	in	fig.	4.	Any	converter	switch	can	be	made	to	
turn on with ZVS by turning the active-clamp switch Qaux just 
before it is to be turned on. This action discharges energy from 
the active-clamp capacitor into the transformer leakage inductance 
that is then used to discharge the capacitance across the switch, 
thus bringing down the voltage across the switch to zero before 
it is turned on.
The capacitor also acts as a clamp that keeps excessive voltage 
ringing from appearing across the switches. The spikes and the 
ringing are due to the interaction of the bridge switches and the 
transformer primary leakage inductance when the switches are 
turned off. Energy that would otherwise resonate between these 
components can be transferred to the clamp capacitor and then 
used to help the main converter switches to turn on with ZVS.
The operation of the converter is as follows: the clamp switch 
Qaux is ON whenever any two diagonally opposite switches of 
the full bridge are ON and the converter is in an energy transfer 
mode. This switch is OFF whenever all four full-bridge switches 
are ON and the converter is in a step-uping mode. Assuming that 
Q1 andQ4 have been turned on and the converter has just entered 
an energy transfer mode, Qaux is turned on soon afterward. Doing 
so discharges the energy stored in the clamp capacitor into the 
leakage inductance of the transformer so that the current in the 
leakage inductor of the transformer becomes greater than the input 
current.

The active-clamp switch is turned off just before the other pair 
of diagonally opposite switches Q2 and Q3 are to be turned on 
and the converter is about to enter a step-uping mode. Once Qaux 
is turned off, the difference between the current in the leakage 
inductor and the input current discharges the output capacitors of 
Q2	and	Q3	and	flows	through	their	body	diodes.	This	reduces	the	
voltage Vpn in the active-clamp branch to zero; the corresponding 
switches (Q2 and Q3 ) can now be turned on with ZVS. The 
current through the transformer leakage inductance drops to zero, 
the	input	current	starts	flowing	through	the	four	bridge	switches	
and the converter enters a step-uping mode. The input inductor 
current rises and no energy is transferred from the input of the 
converter to its output. The step-uping mode ends when the other 
two diagonally opposite switches Q1 and Q4 are turned off. After 
these	two	switches	are	turned	off,	the	input	current	flows	through	
the active-clamp branch through the body diode of Qaux and the 
voltage across the active-clamp capacitor starts rising. The clamp 
capacitor reduces the rate of voltage rise and limits the magnitude 
of the spikes across switches Q1 and Q4. Qaux is turned on, 
during the time the clamp capacitor is charging up. Once the 
clamp	capacitor	voltage	exceeds	the	reflected	output	voltage	at	
the transformer primary, the current in the transformer primary 
begins to grow until it becomes greater than the input current and 
transfers energy to the output. When the current in the leakage 
inductor exceeds the input current, it changes direction and starts 
flowing	through	Qaux.	Energy	continues	to	be	transferred	to	the	
output and the input inductor gets discharged. Sometime while 
the	clamp	current	is	flowing	through	the	switch	Qaux	and	the	
current in the leakage inductor is greater than the input current, 
switch Qaux is turned off and it marks the beginning of next half 
of the switching cycle.
The main advantageous features of active-clamp ZVS full-bridge 
step-up	converters	are	 that	 the	converter	 is	a	fixed	frequency	
ZVS current-fed converter that uses a very simple auxiliary 
circuit to create ZVS over an extended range of load. The main 
disadvantageous features are that

The main converter switches and the active-clamp switch •	
have	a	significant	amount	of	conduction	losses	since	current	
flows	either	through	the	active-clamp	switch	or	through	its	
body diode whenever any two diagonally opposite bridge 
switches	are	ON	(which	occurs	during	a	significant	portion	
of the switching cycle)
The overlap of voltage and current in the bridge switches •	
when they turn off creates considerable losses when the 
converter is operating under heavy load conditions.

A. Simulation Results:  
The simulation is done using matlab simulink and the results are 
presented here. The simulink circuit of Active-clamp ZVS full-
bridge	step-up	converter		is	shown	in	fig.	4(a).

Fig. 4: Active-Clamp ZVS Full-Bridge Step-Up Converter
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Driving	pulses	for	the	MOSFET	s	are	shown	in	fig.	4(b).	The	
voltage	across	the	primary	of	the	transformer	is	shown	in	fig.	4(c).	
The	voltage	across	secondary	of	the	transformer	is	shown	in	fig.	
4(d).	and	output	voltage	is	shown	in	fig.	4(e).

Fig. 4(a): Simulink Circuit Diagram of Active-Clamp ZVS Full-
Bridge Step-Up Converter

Fig. 4(b): Gate Signal of Switches S1, S2, S3, S4, Saux

Fig. 4(c): Transformer Primary Voltage

Fig. 4(d): Transformer Secondary Voltage

Fig. 4(e): DC Output Voltage

III. ZCS-PWM Full-Bridge Step-Up Converters
Another approach to soft-switching in current-fed step-up-type 
dc–dc PWM full-bridge converters is using ZCS. ZCS methods 
allow the full-bridge switches to turn off softly by diverting current 
away from them before they turn off. This soft turn-off removes the 
need for additional snubber capacitances to be connected across 
each bridge switch; therefore, there is no need to be concerned 
about losses due to snubber capacitor energy being dissipated in 
the switches. Small inductances placed in the converter and the 
transformer leakage inductance are used to slow down the rise of 
current through the switches when they are turned on. 
Previously proposed converters of this type, however, have at 
least one of the following disadvantages.

The	converter	 is	a	fixed-frequency	resonant	ZCS	current	1. 
fed converter or a variable-frequency resonant converter. 
An	example	resonant	converter	is	shown	in	fig.	5.	Both	types	
of resonant converter generate a considerable amount of 
circulating current in the full bridge so that the switches can 
turn off with ZCS. This circulating current is not transferred 
to the load and does little but add to the conduction losses of 
the converter. For example, in the resonant converter shown 
in	fig.	5,	the	current	flowing	in	capacitor	resonant	Cr	does	
not result in energy being transferred to the output, but adds 
to conduction losses instead.
The converter achieves the ZCS turn-off of its devices by 2. 
using an active auxiliary circuit that is connected parallel to 
the full bridge to divert current away from the bridge switches 
before they are turned off. This circuit is activated just before 
any switches are to be turned off and is deactivated shortly 
afterward. Since the circuit is active for only a short length 
of time, there is less circulating current compared to the 
fixed-frequency	resonant	converters,	but	this	current	is	still	
significant	and	contributes	to	a	significant	amount	of	losses.	
An	example	converter	with	this	problem	is	shown	in	fig.	6.	
In this converter, auxiliary circuit capacitor Cr discharges 
into the full bridge whenever the dc bus is shorted, but this 
energy is not transferred to the output. Instead, this energy 
flows	back	into	Cr	so	that	the	end	result	is	that	the	voltage	
across Cr just changes polarity. 
The additional circulating current also contributes to increased 3. 
peak current stresses in the full-bridge switches. These 
switches must conduct the current that they are supposed to 
conduct, to feed the load and the circulating current. Devices 
that can withstand higher peak current stresses than those 
found in conventional step-up full-bridge converters are 
needed.	For	example,	 the	converters	shown	in	figs.	5	and	
6	must	conduct	current	from	the	resonant	tank	(see	fig.	5)	
or	auxiliary	circuit	(see	fig.	6)	on	top	of	the	current	they	are	
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supposed to conduct. 
Diodes are placed in series with the switches in some 4. 
converters	so	that	current	does	not	flow	through	the	body	
diodes of the switches and circulating current is reduced. 
Putting these additional diodes in the converter, however, 
means	that	current	must	flow	through	more	devices,	which	
results in the reduction of conduction losses being less than 
expected, and increases cost. Some converters avoid using 
series diodes by using reverse blocking IGBTs, but they are 
more expensive than regular IGBTs and are not appropriate 
for low input voltage applications. The converter shown in 
fig.	4	is	an	example	converter	with	this	issue.
An “uncontrolled” voltage spike (a spike that is dependent 5.	
on the interaction of the transformer leakage inductance and 
switch	capacitance	that	can	be	at	least	four	to	five	times	the	
rated	switch	voltage)	and/or	significant	voltage	ringing	can	
appear across the main converter switches because the output 
switch capacitances resonates with the leakage inductance of 
the main transformer during turn off. This spike and ringing 
will appear across the secondary diodes as well. This creates 
a need for higher voltage-rated devices and/or lossy snubbers, 
which will increase the cost and the losses in the converter. 

The existence of the aforementioned disadvantages has prevented 
the use of ZCS to be considered as a viable option in low input 
dc voltage converters. The use of ZCS might be more attractive if 
these disadvantages can be eliminated. To see if this can be done, a 
new ZCS-PWM dc–dc full-bridge step-up converter that has none 
of the aforementioned disadvantages is proposed in this paper.

Fig.	5:	Resonant	ZCS	Full-Bridge	Step-Up	Converter

Fig.	6:	Full-Bridge	Step-Up	Converter	With	Current-Blocking	
Diodes

A. Simulation Results
The simulation is done using matlab simulink and the results 
are presented here. The simulink circuit of Full-bridge step-up 
converter	with	current-blocking	diodes	 	 is	shown	in	fig.	6(a).	
Driving	pulses	for	the	MOSFET	s	are	shown	in	fig.	6(b).	The	
voltage	across	the	primary	of	the	transformer	is	shown	in	fig.	6(c).	
The	voltage	across	secondary	of	the	transformer	is	shown	in	fig	
6(d)	and	output	voltage	is	shown	in	fig.	6(e).

Fig.	6(a):	Simulink	Circuit	Diagram	of	ZVS	Half	Bridge	DC-DC	
Converter

Fig.	6(b):	Gate	Signal	of	Switches	S1, S2, S3, S4, Saux

Fig.	6(c):	Transformer	Primary	Voltage
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Fig.	6(d):	Transformer	Secondary	Voltage

Fig.	6(e):	DC	output	voltage

VII. Conclusion
A new ZCS-PWM DC–DC full-bridge step-up converter was 
presented in this paper. The converter’s main power switches can 
operate with ZCS due to an active auxiliary circuit that diverts 
current away from the switch just before it is turned off. Unlike 
other previously proposed converters, the auxiliary circuit allows 
the bridge switches to be turned off with ZCS without increasing 
the peak current stress of these switches, with reduced circulating 
energy,	and	with	a	significantly	lower	peak	bridge	switch	voltage	
stress. The active switch in the auxiliary circuit can also operate 
with soft-switching and conducts current for only a small fraction 
of the switching cycle. This auxiliary circuit also helps remove 
unwanted voltage spikes appearing across the full-bridge devices 
during their turn-off transient as found in conventional current 
fed full-bridge converters and other converters referred in the 
literature. Through this auxiliary circuit, the otherwise trapped 
circulating energy can be fed to the output hence making it useful 
unlike all similar converters in the literature. The operation of 
the new ZCS converter was explained in detail in this paper. 
Furthermore, a comparative study of two PWM dc–dc full-bridge 
step-up converters—a ZVS converter that uses the standard active-
clamp technique and the new ZCS converter—was done. It can be 
concluded, therefore, that using ZCS can be a better approach than 
using ZVS for a low-input, high-output voltage dc–dc converter 
operating under heavy-load conditions, even though the converter 
is	implemented	with	MOSFETs.	To	be	more	specific,	the	new	ZCS	
current-fed converter can be considered when the input voltage is 
low and the load is heavy, but ZVS should be used in applications 
where the input voltage is greater than 24 V and the load current is 
low. In general, the switching frequency of current-fed converters 
such as the ones discussed in this paper should be limited to 

a	maximum	of	50	kHz	due	to	the	switching	losses	that	can	be	
caused by the heavy current. The main contribution of this study 
to the power electronics literature has been to show that ZCS 
approaches	can	be	examined	to	improve	converter	efficiency,	
even in converters with MOSFETs. 
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