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ABSTRACT 

As the domain of interest, in the field of dc-dc conversion, is increasing in the 

direction of digital solutions, both in power management and controllers design, 

exploring suitability and evolving advanced digital controllers is very much needed. 

Further, dynamic performance improvement of the dc-dc converters, includes variety 

of topologies simple to complex system, is the major concern of the designer. This 

motivates the need for proposing the digital predictive controller's solution to the dc-

dc converters. In this direction the thesis develops certain predictive current control 

strategies for higher order dc-dc converters. The work presented in this thesis 

addressed mainly the following aspects: (i) dc-dc converters discrete modeling and 

then proposed generalized small-signal models, (ii) predictive current control schemes 

for higher order dc-dc converters, and (iii) stabilization of current control schemes 

through proper selection of pulse-width-modulation strategy. 

Basic dc-dc converters are widely used in many applications but they present 

certain limitations such as high ripple currents and EMI problems, etc. Adding filter 

stage can able to rectify the problem, but they effect the dynamical properties. To 

overcome some of the disadvantages of the second order topologies, fourth order 

buck, boost and interleaved boost converter circuits are introduced and their 

operation, modeling aspects are closely investigated. Several different control 

strategies, in analog domain, have been introduced for stable operation of the 

converter and dynamic performance improvement. Current mode control scheme is 

one such scheme that results in better dynamic performance but, however, this scheme 

may become unstable for certain operating conditions. This unstable phenomenon, 

sub-harmonic oscillations, is also problematic even in digital current mode control 



schemes. The control algorithms implemented in digital domain are mostly based on 

the principles of analog control schemes and hence digital controllers also exhibit 

similar kind of stability issues. However, in digital controllers these issues need to be 

handled in a different manner and one such strategy is modulation scheme selection. 

This thesis investigates the digital predictive controller's stability (i) based on 

the magnitude of current to be controlled: average, peak and valley current control, 

together with different modulation scheipes: trailing, leading and triangle modulation, 

and (ii) fixed and variable frequency current control schemes. These investigations 

show that appropriate selection of modulation technique together with predictive 

current control scheme capable of avoiding subharmonic oscillations irrespective of 

its operating duty ratios. All these controllers are realized, in digital domain, based on 

single sample per switching cycle. 

The source voltage or load perturbations have an impact on the load voltage 

and hence there is a need to design a closed-loop controller to ensure load voltage 

regulation together with better dynamic response. The controller design as well it's 

performance mainly governed by the converter system models. Particularly, in the 

digital controller design the accuracy is depends on the discrete state-space equation 

solution and approximations used in it. In this thesis a modified bilinear discrete 

modeling method, it's accuracy is almost equivalent to the exact discrete modeling, is 

established. Small-signal models, based on modified bilinear discrete modeling 

method, are established and then used in the subsequent digital controller designs. 

Predictive current controller's dynamic performance compared with the digital 

average current mode and voltage mode control techniques. Predictive current control 

shows faster dynamic response as compared to other digital control schemes reported 

ii 



in this thesis. The performance improvement of the converter, both steady-state and 

dynamic, is studied by including the coupling among the inductors. 

Variable frequency predictive current control stability aspects under different 

modulation techniques are analyzed. This analysis shows that the system is stable, 

irrespective of the modulation strategy used, for average, peak and valley current 

control schemes. Further, variable frequency control schemes yields better dynamic 

performance than the fixed frequency control schemes. All the above theoretical 

predictions have been validated through simulation and experimental investigations. 
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