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Introduction 

Bidirectional DC-DC converter can perform the 
stepping up and stepping down of voltage level with 
ability of power flow in both directions. Bidirectional 
DC-DC converters now have been used in various 
applications like Energy storage system of Electric 
vehicles, Fuel cell, Renewable energy and 
uninterrupted power supplies. Previously they were 
used only for speed control and regenerative braking 
of motor drives. The basic purpose of using 
bidirectional DC-DC converter is to achieve DC bus 
voltage regulation with ability of power flow in both 
directions. For example power generated by Wind 
and Solar power plants with large ups and downs 
because energy supply by primary source to 
conversion unit (Wind turbines and PV panels) is 
uncertain. With large ups and downs it cannot be 
considered alone for power supply and always 
supported by secondary source like chargeable 
batteries or super capacitors. These secondary 
sources supply power whenever energy deficit and 
charge itself when system power is surplus. So now 
the bidirectional DC-DC converter function comes 
into play to allow power flow in both directions. 
1Similarly in EV’s, bidirectional DC-DC converter is 
used to link up energy storage system (battery or 
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fuel cell with super capacitor) with DC bus as shown 
in Fig 1. Here they are used to regulate power supply 
to motor drive according to traction power demand. 

The incorporation of bidirectional DC-DC converter 
in EV’s is required because of following reasons:  

1.  Since system operates at high power, low 
voltage causes current to rise to large values causing 
thermal and electrical stress in active and passive 
component of system which results in large ohmic 
losses and hence efficiency is decreased. 
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Figure 1: Series hybrid Drive Train employing a 
bidirectional DC-DC converter 

Abstract 

The inclusion of bidirectional DC-DC converter between the electric source and traction motor in 
Electric Vehicles facilitates the energy regeneration during braking and during motion along downhill 
slope. This inclusion can improve traction drive efficiency as much as by 25%, which improves the whole 
driving range. Now to reduce the weight, size and the cost of system, proper bidirectional DC-DC 
converter topology should be selected so as to optimize the design performance. This paper reviews 
and the study of the basic bidirectional DC-DC converter topology and presents the comparative 
advantages and disadvantages for arriving at the proper design decision for Electric Vehicle traction 
application.  
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2.  Wide variation in input voltage range causes 
voltage and current stress in device, also input 
voltage variation causes variation in components 
ratings to be used in device. 

3. Parasitic component causes parasitic ringing 
which causes EMI emissions. Therefore proper 
measures have to be taken to counter this. 

4. Power loss during regenerative braking 
should be used to recharge electrical energy source, 
which requires bidirectional power flow. All above 
points makes device bulky and costly. So 
requirement of bidirectional DC-DC converter is 
necessary.  

Some advantages of using bidirectional DC-DC 
converter in EV are as follows: 

 High efficiency. 

 Compact size and less bulky. 

 Lower EMI (electromagnetic interference). 

 Lower input and output current ripple. 

 Instead of input voltage variation controlled 
power flow. 

Classification of Bidirectional DC-DC converter 

Depending on the isolation between input and 
output side bidirectional DC-DC converter are of two 
types: 

 Non-Isolated Bidirectional DC-DC converters 
 Isolated Bidirectional DC-DC converters 

Non-Isolated Bidirectional DC-DC Converter 

Basically unidirectional DC-DC converter with 
bidirectional conducting switches used to derive the 
non-isolated bidirectional DC-DC converter. Basic 
Buck and boost converter circuit (Fig 2) consist of 
diode       which doesn’t allow bidirectional power 
flow. Problem will be solved when MOSFET or an 
IGBT having anti- parallel diode across them forms a 
bidirectional switch and allow bidirectional 
conduction. 

            
Figure 2: (a): Buck Converter (b): Boost Converter 

Buck Boost Converter 

The first bidirectional topology is derived from 
conventional buck boost topology with 
implementation of bidirectional conducting switches 
as shown in Fig 3. During step up operation Q2 
remains switch off all the time and Q1 remains switch 
on at required duty cycle. Similarly during step down 
operation Q1 remains switch off all the time and Q2 
remains switch on at required duty cycle. To avoid 
cross conduction through switches and converter 
output capacitance, small dead time is provided 
during mode transitions.                 
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Figure 3: Bidirectional Buck and Boost Converter                                   

Buck Boost Cascade Converter 

The buck boost cascade converter can be obtained 
by cascading bidirectional boost converter with 
bidirectional buck converter as shown in Fig 4. The 
switch combination and current direction in this 
topology allows output voltage to be higher or lower 
than the input voltage.  

1Q

2Q

1D

2D

1C
2CL1V 2V

3Q

4Q

3D

4D

 

Figure 4: Bidirectional Buck Boost Cascade Convert 

During forward step up operation switch S2 and S4 
are always off and S1 is always on, whereas S2 is 
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conducting depending upon duty cycle. During 
forward step down operation switches S2, S3, S4 are 
always off whereas S1 is operated with required duty 
cycle. Diode D3 always remains forward biased 
whereas Diode D2 and D3 are always reverse biased. 
Diode D4 acts as freewheeling diode. During 
backward step up operation S4 is operated with 
required duty cycle and S3 is always on with diode 
D1 acting as freewheeling diode. 

Cuk Converter 

Cuk converter is obtained by converting 
unidirectional switches with bidirectional switches in 
conventional cuk converter. Capacitor C1 and C2 are 
coupling capacitor and capacitor C act as energy 
storage element as shown in Fig 5. It can step down 
or step up the input voltage same as buck boost 
converter but with opposite polarity.  
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Figure 5: Bidirectional Cuk Converter 

Half Bridge Converter 

When the Buck and the boost converters are 
connected in anti- parallel with each other, the 
resulting circuit is of same structure as the 
fundamental Buck and boost structure but with the 
added feature of bidirectional power flow as shown 
in Fig 6. Depending on the switching of MOSFET Q1 
and Q2, circuit will operate in buck or boost mode. 
The switches Q1 or Q2 with combination of diode D1 
or D2 (freewheeling diode) respectively makes the 
voltage across them either step up or step down. The 
bidirectional operation of circuit above explained 
below. 

 

Figure 7: Non Isolated Half-Bridge Bidirectional DC-DC 
Converter resulting out of the anti- parallel connection of 
the Buck and Boost converters. 

Mode 1 (Boost Mode) 

In this mode switch Q1 and diode D2 are off all the 
time whereas switch Q2 and diode D1 are 
conducting depending on the duty cycle. This mode 
is divided into two interval on the basis of 
conduction of switch Q1 and diode D2. 

Interval 1 (Q2 on, D2 off; Q1 off, D1 off) 

In this period Q2 is on so the inductor get charged 
by lower battery and its current goes on increasing 
till the gate pulse is removed from the Q2. Also 
diode D1 is reverse biased and switch Q1 is off, so no 
current flows through switch Q1. 

Interval 2 (Q1 off, D1 on; Q2 off, D2 off) 

In this mode both Q1 and Q2 are off, since current 
following through inductor cannot change 
instantaneously so polarity of voltage is reversed and 
it starts acting in series with input circuit. Diode D1 is 
forward bias so inductor current charges the output 
capacitance hence the output voltage boost up. 

Mode 2 (Buck Mode) 

In this mode switch Q2 and diode D1 are off all the 
time whereas switch Q1 and diode D2 conducts 
depending on the duty cycle. Depending on the 
conduction of switch Q2 and diode D1 this mode 
divided into two intervals. 

Interval 1 (Q2 off, D2 off; Q1 on, D2 off) 

In this period Q2 is off and Q1 is on, So the inductor 
gets charged by the battery and output capacitor 
gets charged by it. 

Interval 2 (Q1 off, D1 off; Q2 off, D2 on) 

In this period switch Q1 and Q2 are off, So inductor 
current gets discharged through the freewheeling 
diode D2 and hence voltage is stepped down across 
the load. 

Analysis of Different Features of the Non-Isolated 
Bidirectional Converter topologies  

1. During step up mode, in comparison to buck-
boost cascade converter the RMS value of current 
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through the inductor and the switches in buck-boost 
bidirectional converter is greater by an amount equal 
to output current, Capacitor RMS current also 
increases by 1/3rd of output current in buck-boost 
cascade converter. Therefore inductor, capacitor and 
power switches operate in thermal and electrical 
stress in buck-boost bidirectional converter, results in 
greater power loss and saturation of inductor core in 
comparison to buck-boost cascade converter. Also 
high RMS current results in high conduction losses 
and decreases overall efficiency and power devices 
with larger rating is required because of higher stress 
on diode and MOSFET in buck-boost cascade 
converter. 

2. However in comparison to buck-boost 
bidirectional converter the number of device 
required in buck-boost cascade converter is double, 
this problem can be overcome by using Half-Bridge 
Bidirectional DC-DC Converter. It can be employed 
where boost operation is required in one direction 
and buck in other. 

3. The main benefit of half-bridge bidirectional 
converter over cuk converter is that it only requires 
one inductor instead of two, Also rating of power 
device used in half-bridge bidirectional converter is 
very less than that of cuk converter. In addition to 
this high efficiency and low conduction losses are in 
half-bridge bidirectional converter in comparison to 
cuk converter. 

Isolated Bidirectional DC- DC Converters 

This type of converter can be used to control power 
from few watts to hundreds of kilowatts. At certain 
system requirement of galvanic isolation and voltage 
matching is also required, so there comes the need 
of transformer because it is basically used for this 
purpose. By using transformer there is need of AC 
link for energy transfer. By including all this features 
system becomes complex and bulky. The most 
common structure of isolated bidirectional DC-DC 
converter is shown below. 
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Figure 8: Basic Structure of an Isolated Bidirectional DC-DC 
Converter 

This system consist of two switching DC to AC 
converter to convert dc input to ac quantity. Galvanic 
isolation and voltage matching is provided by 
transformer, since transformer can only works with ac 
quantities the dc to ac converter is required on both 
source and load side. Since system is bidirectional so 
the converter must support the bidirectional power 
flow. 

On the basis of configuration isolated bidirectional 
DC-DC converter can be classified into two 
categories:  

 Like conventional boost converter had inductor at its 
input terminal, current fed isolated bidirectional DC-
DC converter also had inductor at its terminal which 
behaves like current source.  

 Like conventional buck converter had capacitor at its 
input terminal, voltage fed isolated bidirectional DC-
DC converter also had capacitor at its terminal which 
behaves like voltage source. 

Conclusion 

Since the structure of isolated bidirectional DC-DC 
converter is more complex, bulky, costlier due to 
presence of transformer and its overall efficiency is 
also less than non-isolated bidirectional DC-DC 
converter it is unfit for EV application. Therefore 
Non-Isolated Half Bridge Bidirectional DC-DC 
converter can be the most preferred option for EV 
drive train application. 
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