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ABSTRACT 
 

This paper presents an easy accessible method for 

improvement of the performance characteristics in some 

switching regulator toppologies, used for battery equalizer 

applications. Some strengths and weaknesses of the 

synchronous switching are shown. The authors propose  

solution for improvement of the performance characteristics 

in terms to avoid some of the main disadvantages in the 

battery equalizer system - active power losses in switching 

elements, reduced total efficiency and low quality 

waveforms caused by large transient time of commutation. 

The proposed solution is based on adaptive feedback 

adjusted dead-time commutation strategy. Test circuit and 

experimental results of dynamic non-overlap control with 

adaptive feedback are presented at the end of paper. 

Advanced driver circuit topology is developed and tested in 

DC-DC switching regulators for battery equalizer 

applications. 

 

Keywords: synchronous switching, commutation control, 

adaptive feedback driver circuit. 

 

1 INTRODUCTION 
 

Batteries as energy storage elements in the electronic 

applications, are nearly always used in series combinations 

of multiple cells. When a series string of cells is charged as 

a group, a single current is imposed on all the cells. 

However, if their voltages begin to differ, the result is a 

charge imbalance that can lead ultimately to battery 

failure[5,6]. 

Most of the battery systems, used in present of the 

industrial electronic applications, are managed by charge 

distribution and balancing devices. Either passive or active, 

a perfect equalization process would ensure that a series 

string performs just like a single cell over time. That 

improves the performance, reduces the power losses and 

extends the battery life cycle. 

In practical implementations different types of 

switching regulators are used for charge balancing[5]. The 

advances of the MOSFET and IGBT semiconductor switch 

technology provides high efficiency, low power losses, 

small or no cooling elements. However, their principle of 

operation demands particular control strategies that ensure 

the achievement of better efficiency parameters, 

independently from the load variations. 

This paper considers one of the most common practical 

implementations of switching regulators that are used in 

battery management systems, and their performance.  The 

authors propose a way to improve the efficiency and reduce 

the total power losses in the system using advanced driving 

circuit and buck/boost topology of DC-DC switching 

regulator. 

 

2 BATTERY EQUALIZER 

APPLICATIONS – POWER LOSSES 

AND CONTROL FEATURES 
 

 
 

Figure 1: Battery charge equalization system 
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Figure 1 shows the topology used in the investigated 

charge equalization system – DC-DC buck/boost converter, 

connected between two cells of the battery string. It is 

capable to provide bi-directional energy transfer with 

proper control from the drive circuit. Most of the 

disadvantages in the battery management systems are 

related to low efficiency, increased value of the total power 

losses, large number of additional components etc.  In this 

practical implementation the value of the power losses can 

be estimated for every link of the system – power losses in 

the switching stage, power losses in the connection wires 

(for large number of cells), power losses in the energy 

storage elements[1,2]. Every energy storage component 

could be presented by equivalent circuit of voltage source 

and some passive components, that forms its internal 

resistance, temperature dependent characteristics, self-

discharge etc. and thus the active power losses in the 

battery during the charge/discharge process. 

The proper coordination of the switching sequence for 

the power transistors is very important rule in all switching 

regulators[4]. One of their features is the presence of 

steady-state condition, when both transistors are closed. 

This minimum time, needed for full turn-off and reactive 

power dissipation and preparation for next cycle of 

operation is called “dead-time”. For the switching stage 

(DC-DC buck/boost converter) the total power losses can 

be considered as number of switching losses and 

conduction losses[1]: 
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The power losses in the MOSFET Q1 are: 
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where PCOND are conduction losses, PSW - switching 

losses, IL – output current, V1 and V2 - input and output 

voltage. RDS(ON) - Q1 active resistance, Tr and Tf are rise 

and fall switching times for the MOSFET component, fSW-

switcing frequency. 

The power losses in Q2 are: 
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where D is duty cycle ratio, Vf is body diode voltage 

drop. 

The conduction losses, caused by the reverse body 

diodes conduction and recovery are: 

OUTFSWDEADTIMEDIODE IVftP ...         (4) 

 

The power losses in the battery cell are calculated by the 

following equation: 
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where RS is: 
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KS is invariable of the resistance in Ω, К1 and К2 are 

invariables. 

In the above equations state of charge coefficient (SOC) 

is presented: 

 

QeSOC 1 / ),0(C          (7) 

 

where Qe is the battery charge in A/sec, С is the battery 

capacity, θ is temperature of the electrolyte. 

 

3 DRIVER CIRCUIT WITH IMPROVED 

COMMUTATION CONTROL 
 

The analysis of the reasons for active power losses in 

the battery power management systems and the calculations 

shows that with dead-time reduction the losses in the 

switching converters can be decreased. In some cases this 

affects the stability and increases the component overloads. 

Therefore an improved driver circuit with dynamic dead-

time control is presented on Figure 2. 

The proposed driver circuit has adaptive feedback, 

which monitors the state of power MOSFETs. It provides 

dynamic compensation of the dead-time in order to avoid 

short circuit and in the same time to keep it minimum. 

Therefore it does not affect the output waveforms. The 

presented driver with adaptive principle of commutation 

has application in DC-DC converters, inverters and other 

switching devices with fixed commutation that have two or 

more switching elements in synchronous sequence of 

operation. Other important advantage of the proposed 

circuit is the absence of additional reactive elements, 

compared to the applications with semi-soft and soft 

commutation, as way of switching loss reduction. 

The simulation results show evaluation of the total 

power losses for DC-DC buck/boost switching regulator, 

used as charge equalizer device and driven by two different 

control circuits: with fixed dead-time and with dynamic 

regulated dead-time. The equivalent of lead-acid 12V/74Ah 

batteries is used in the examination. The diagrams of the 

currents and voltages in the regulator are shown on Figure. 

Calculated values of the total power losses and the 

efficiency of the battery management system for fixed and 

dynamic dead-time control is given in Table. Comparison 

between these two controls is shown on Figure. 
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Figure 2 : Improved commutation control driver circuit  

 

 

 
 

Figure 3 : Voltages and currents simulation results 

 

 

 

The voltage diagrams on Figure 3 shows the operation 

principle of the proposed drive circuit with dynamic dead-

time control for the MOSFET switching stage. Depending 

on the duty cycle ratio and therefore the load current 

variations, the increase of turn-off and turn-on edge times 

the drain voltage waveforms of the opposite transistors are 

shifted from the reference gate drive signals. 

The output voltage and current waveforms of the 

equalizer circuits and the battery voltage are shown on the 

last diagram.   

 

D 0,5 0,65 0,85 

V(V1), V 12 12 12 

I(L1), A 1,9 2,7 4,3 

Total Power 

Losses, W 

2,84 4,23 4,96 

 

Efficiency, % 90,4 86,6 80,2 

 

Table 1 : Calculated values at fixed control 

 

D 0,5 0,65 0,85 

V(V1), V 12 12 12 

I(L1), A 1,9 2,7 4,3 

Total Power 

Losses, W 

2,36 3,83 4,12 

Efficiency,% 91,2 88,2 84,2 

 

Table 2 : Calculated values at dynamic control 

 

  
 

Figure 4 : Comparison of efficiency and total power losses 
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The calculated and measured values of total power 

losses and efficiency for the considered battery equalizer 

circuit are given in Table 1 and Table 2. Table 1 shows the 

voltage and the current values for three different duty cicle 

ratios, and  related values of total power losses and 

efficiency at fixed dead-time control. Table 2 shows the 

results for dynamic dead-time control.  

Comparison of the researched control principles, 

according to the obtained results is given on the Figure 4. 

 

4 CONCLUSION 
 

The proposed control method in the researched battery 

equalizer circuit topology is useful and easy accesible way 

for improvement of the performance characteristics. The 

considered driver circuit improves the performance of the 

switching regulators by proper adjustment of the dead-time 

value. That allows to reduce the switching losses and 

dissipation of reactive power and increases the efficiency. 

In comaprison with fixed dead-time commutation control, 

the number of the total power losses can be reduced with 

5-7% and the efficiency can be increased up to 10%. The 

proposed circuit topology can control the delay settings 

independently from the load variations. Therefore the 

presented control priciple can be used for most of the 

drivers in the switching power converter applications. 
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