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Rezumat 

 

Prezenta tezŁ de abilitare, intitulatŁ "Convertoare DC-DC - Arhitecturi, ComandŁ Ἠi AplicaἪii", 

oferŁ o analizŁ cuprinzŁtoare a contribuἪiilor originale aduse ´n domeniul electronicii de putere, ´n 

special ´n domeniul convertoarelor DC-DC.  

Ċncep©nd cu un rezumat at©t ´n limba rom©nŁ c©t Ἠi ´n limba englezŁ, teza continuŁ cu o sintezŁ 

a cercetŁrilor efectuate ´n cadrul studiilor de doctorat. Aceasta prezintŁ principiile fundamentale 

ale convertoarelor DC-DC Ἠi clasificarea lor, acoperind arhitecturi clasice, bidirecἪionale Ἠi 

topologii hibride. Se oferŁ o analizŁ detaliatŁ a tipurilor de celulele de comutaἪie, subliniind rolul 

configuraἪiilor de comutaἪie L Ἠi C ́ n obἪinerea unei conversii de energie cu randament ridicat. 

Este realizatŁ o analizŁ comparativŁ a topologiilor de convertoare DC-DC existente, identific©ndu-

se limitŁrile Ἠi domeniile ´n care pot fi aduse ́mbunŁtŁἪiri ́n ceea ce priveἨte randamentul, raportul 

static de conversie, solicitŁriile Ἠi numŁrul de componente. Capitolul prezintŁ, de asemenea, 

motivaἪia pentru dezvoltarea de noi familii de convertoare hibride, subliniind avantajele lor 

potenἪiale comparativ cu modelele convenἪionale. Ċn plus, se introduce o metodŁ sistematicŁ de 

sintezŁ a noilor convertoare hibride multifazŁ.  

 Partea cu greutate a tezei de abilitare este prezentatŁ ´n capitolul 2. Acest capitol este o trecere 

´n revistŁ a realizŁrilor ´n domeniul ἨtiinἪific, profesional Ἠi academic dupŁ susἪinerea tezei de 

doctorat. Lucrarea se concentreazŁ pe cercetarea ἨtiinἪificŁ realizatŁ dupŁ doctorat, detaliind 

contribuἪiile propuse ´n ceea ce priveἨte topologiile convertoarelor DC-DC, metodele de control Ἠi 

aplicaἪiile acestora.   

 

Tematica cercetŁrii ἨtiinἪifice a fost ´mpŁrἪitŁ ´n patru subiecte de bazŁ: 

 1. Dezvoltarea de noi familii de convertoare DC-DC, propun©nd topologii hibride 

inovatoare care cresc randamentul Ἠi performanἪele. Sunt introduse mai multe structuri noi de 

convertoare, printre care convertoarele Buck-L, Boost-L, Buck-Boost-L Ἠi Ĺuk-L, fiecare dintre 

acestea fiind conceput pentru a  ´mbunŁtŁἪi conversia puterii ´n diferite aplicaἪii.  

Unele dintre aceste convertoare utilizeazŁ bobine cuplate, comutaἪie ´ntreἪesutŁ Ἠi tehnici avansate 

de comandŁ pentru a reduce pierderile Ἠi a ´mbunŁtŁἪi stabilizarea tensiunii. Strategia utilizatŁ 

pentru generarea acestor noi topologii de convertoare este fundamentatŁ prin intermediul unei 

modelŁri matematice riguroase, simulŁri de circuit Ἠi validŁri experimentale. 

Analizele comparative cu topologiile tradiἪionale confirmŁ superioritatea noilor convertoare, 

const©nd ´n c©Ἠtiguri de tensiune mai mari sau mai mici, solicitŁri de tensiuni si curenti mai mici 

Ἠi randament mai mare. SimulŁrile au validat aspectele teoretice dezvoltate. Ċn plus, toate 

prototipurile experimentale ale convertoarelor propuse au confirmat fezabilitatea acestora ´n 

practicŁ, ceea ce corespunde ´ndeaproape prognozelor analitice Ἠi simulŁrilor.  

 

            2. Metodele de comandŁ pentru convertoarele DC-DC sunt orientate cŁtre stabilitate, 

fenomene de bifurcaἪie Ἠi proiectarea controlerului. Se efectueazŁ o analizŁ a stabilitŁἪii unui 

convertor boost cu douŁ faze, evidenἪiind parametrii cheie care afecteazŁ performanἪele sistemului 

Ἠi rŁspunsul tranzitoriu. Studiile de bifurcaἪie ale funcἪionŁrii ´n modul de conducἪie discontinuu 

(DCM) evidenἪiazŁ comportamentele neliniare Ἠi potenἪialele probleme de instabilitate ´n condiἪii 

de parametrii variabili. Ċn plus, este prezentat un proces sistematic de proiectare pentru un 

convertor buck-boost ideal de ordinul patru, optimiz©nd strategiile de comandŁ pentru 

´mbunŁtŁἪirea stabilizŁrii tensiunii Ἠi creἨterii randamentului. Este dezvoltat un controler pentru un 
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convertor cu pierderi pŁtratic de tip buck, care asigurŁ robusteἪea ´mpotriva perturbaἪiilor 

sistemului.  

 

  3. O aplicaἪie a convertoarelor propuse este domeniul energiilor regenerabile, ´n special al 

sistemelor fotovoltaice (PV) Ἠi al pilelor de combustie. Utilizarea convertoarelor DC-DC ´n 

sistemele fotovoltaice se concentreazŁ pe ´mbunŁtŁἪirea randamentului Ἠi pe valorificarea 

energeticŁ sporitŁ. A fost introdus un convertor hibrid de tip boost, conceput special pentru a 

optimiza conversia ridicŁtoare a tensiunii pentru aplicaἪiile fotovoltaice. Ċn plus, este propus un 

convertor DC-DC SEPIC cu bobine cuplate pentru a obἪine un raport static de conversie ridicat, 

reduc©nd ´n acelaἨi timp solicitarea ´n curent Ἠi tensiune a componentelor Ἠi pierderile de putere. 

SimulŁrile Ἠi experimentele efectuate au validat performanἪa superioarŁ a acestor convertoare ´n 

ceea ce priveἨte c©Ἠtigul ´n tensiune Ἠi rŁspunsul dinamic ´mbunŁtŁἪit. Capitolul evidenἪiazŁ rolul 

important al electronicii de putere avansate ´n maximizarea randamentului sistemelor de energie 

regenerabilŁ. 

 

 4. Optimizarea grupului propulsor al vehiculelor cu baterii Ἠi pile de combustie hibride. 

Este introdusŁ o nouŁ strategie de comandŁ pentru distribuἪia energiei ´n vehiculele hibride cu 

baterii Ἠi pile de combustie, asigur©nd gestionarea eficientŁ a energiei Ἠi prelungirea duratei de 

viaἪŁ a bateriei. Se propune un convertor DC-DC multifazŁ pentru a ´mbunŁtŁἪi performanἪa 

grupului propulsor, reduc©nd pulsaἪiile curenἪilor de intrare Ἠi de ieἨire Ἠi ´mbunŁtŁἪind 

randamentul general. Ċn plus, este dezvoltat un banc de testare dedicat pentru a optimiza 

configuraἪiile grupului propulsor, valid©nd conceptele de convertoare propuse prin analize 

experimentale. Studiul exploreazŁ Ἠi convertoarele DC-DC bidirecἪionale pentru fr©narea 

regenerativŁ, permiἪ©nd recuperarea energiei Ἠi ´mbunŁtŁἪirea randamentului pilelor de combustie.  

 

Teza de abilitare evidenἪiazŁ contribuἪiile academice Ἠi profesionale ale autorului, pun©ndu-se 

accentul pe predare, diseminarea cercetŁrii Ἠi colaborare cu industria Ἠi mediul academic. Sunt 

detaliate meritele autorului ´n publicarea ´n reviste cu factor impact ridicat: 9 articole WoS (anterior 

ISI) Ἠi 44 de articole publicate ´n volumele conferinἪelor (32 de articole WoS Ἠi 12 BDI), 

demonstr©nd recunoaἨterea internaἪionalŁ Ἠi naἪionalŁ a activitŁἪii sale ´n domeniul electronicii de 

putere. Candidata a condus 2 granturi naἪionale, c©Ἠtigate prin competiἪie Ἠi a participat ´n calitate 

de membru la alte 3. Capitolul subliniazŁ contribuἪiile ´n ́ ndrumarea Ἠi coordonarea a 85 de 

studenἪi la finalizarea lucrŁrilor de licenἪŁ Ἠi disertaἪie (63 de licenἪŁ Ἠi 22 de disertaἪie) Ἠi peste 20 

de masteranzi ´ndrumaἪi ´n activitatea de cercetare, promov©nd astfel urmŁtoarea generaἪie de 

tineri cercetŁtori ´n electronicŁ aplicatŁ. Au fost abordate proiecte de cercetare ´n colaborare, 

demonstr©nd astfel integrarea competenἪelor multidisciplinare ´n electronica de putere avansatŁ. 

Ċn plus, este subliniat rolul autorului ´n dezvoltarea curriculumului Ἠi ´mbunŁtŁἪirea programelor 

academice de studii, contribuind la creἨterea calitŁἪii educaἪiei inginereἨti. Acest capitol subliniazŁ 

aportul autorului at©t ´n ceea ce priveἨte inovarea ´n domeniul academic, c©t Ἠi ´n cel ἨtiinἪific. 

 Ultima parte este destinatŁ unei prognoze a viitoarelor activitŁἪi academice, profesionale Ἠi de 

cercetare, lucrarea ´ncheindu-se cu o listŁ consistentŁ de referinἪe bibliografice. 
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Abstract 

 

The present habilitation thesis, entitled "DC-DC Converters ï Architectures, Control and 

Applications," provides a comprehensive analysis of the novel contributions brought to the field 

of power electronics, specifically in the domain of DC-DC converters.  

Starting with an abstract both in Romanian and English, the thesis continues with the summary 

of research conducted in the PHD studies. It introduces the fundamental principles of DC-DC 

converters and their classification, covering classical, bidirectional and hybrid topologies 

architectures. It provides an in-depth review of switching cell structures, emphasizing the role of 

L and C-switching configurations in achieving high-efficiency energy conversion. A comparative 

analysis of existing DC-DC converter topologies is conducted, identifying the limitations and the 

areas for improvement in terms of efficiency, static conversion ratio and component count. The 

chapter also presents the motivation for developing novel hybrid converter families, highlighting 

their potential advantages compared to conventional designs. Additionally, a systematic method 

for synthesizing new multiphase hybrid converters is introduced, paving the way for these 

innovative topologies proposed in subsequent chapters.  

 The main part of the habilitation thesis is presented in Chapter 2. This is an overview of the 

achievements in scientific, professional and academic field after the PhD thesis was defended in 

29.06.2015, at the Faculty of Electronics, Telecommunications and Information Technologies from 

Politehnica University of Timisoara. It focuses on the scientific research conducted post-PhD, 

detailing the proposed novelty in DC-DC converter topologies, control methods, and applications,   

 

The focus on scientific research was divided into four key research topics: 

1. The development of new families of DC-DC converters, proposing innovative hybrid 

topologies that improve efficiency and performance, is the first one. Several novel converter 

structures are introduced, including the Buck-L, Boost-L, Buck-Boost-L and Ĺuk-L converters, 

among others, each designed to enhance power conversion for various applications.  

Some of these converters employ coupled inductors, interleaved switching, and advanced 

control techniques to reduce the losses and improve voltage regulation. The strategy used for 

generating this new converter topologies is substantiated through rigorous mathematical 

modelling, circuit simulations, and experimental validations. 

Comparative analyses with traditional topologies confirm the superiority of these new 

converters, consisting of higher or lower voltage gain, improved lower voltage or current stresses 

and higher efficiency. The simulations validated the theoretical considerations developed. 

Furthermore, the experimental prototypes of the proposed converters all confirmed their practical 

feasibility, closely matching with the analytical and simulations predictions.  

 

 2. The control methods for DC-DC converters are focusing on stability, bifurcation 

phenomena, and advanced controller design. A stability analysis of a two-phase boost converter is 

conducted, revealing the key parameters affecting system performance and transient response. 

Bifurcation studies of discontinuous conduction mode (DCM) operation, highlight nonlinear 

behaviours and potential instability issues under varying load conditions. Additionally, a 
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systematic design process for an ideal fourth-order buck-boost converter is presented, optimizing 

control strategies for improved voltage regulation and efficiency. A refined controller for a fourth-

order lossy quadratic buck converter is developed, ensuring robustness against system 

disturbances. These control strategies provide improved transient response, reduced output voltage 

ripple, and enhanced system stability, making the proposed converters more reliable for industrial 

and commercial applications. 

 

 3. A major application of the converters proposed is the field of renewable energies, 

particularly the photovoltaic (PV) and fuel cell systems. The usage of DC-DC converters in PV 

systems focuses on efficiency improvements and enhanced energy harvesting. A new hybrid 

inductor-based boost converter has been introduced, specifically designed to optimize step-up 

voltage conversion for PV applications. Additionally, a SEPIC-based DC-DC converter with 

coupled inductors is proposed to achieve high step-up capability, while reducing component stress 

and power losses. These innovative architectures enable better integration of solar energy into 

modern power grids, increasing the overall system efficiency. The simulations and the experiments 

conducted validated the superior performance of these converters in terms of voltage gain, reduced 

ripple, and improved dynamic response. The chapter highlights the critical role of advanced power 

electronics in maximizing the effectiveness of renewable energy systems. 

 

 4. Furthermore, the thesis extends its contributions to the powertrain optimization of 

battery-fuel cell hybrid vehicles. A novel control strategy for power distribution in battery-fuel cell 

hybrid vehicles is introduced, ensuring efficient energy management and prolonged battery life. A 

multiphase DC-DC converter is proposed to enhance powertrain performance, reducing input and 

output current ripple and improving overall efficiency. Additionally, a dedicated test bench is 

developed to optimize powertrain configurations, validating the proposed converter designs 

through experimental analysis. The study also explores bidirectional DC-DC converters for 

regenerative braking, enabling energy recovery and improved fuel cell efficiency. 

  

The habilitation thesis also highlights the academic and professional contributions of the 

author, focusing on research dissemination, teaching, and collaboration with industry and 

academia. It details the authorôs merits in publishing in high-impact journal publications: 9 WoS 

(formerly ISI) papers and 44 conference proceedings papers (32 WoS and 12 BDI papers) 

showcasing the global recognition of her work in power electronics. The candidate conducted 2 

national grants and participated as a member in other 3. The chapter also emphasizes the 

contributions in mentoring and supervising students, 85 students in graduation bachelor and 

dissertation thesis (63 bachelor and 22 dissertation), and more than 20 master students guided in 

the research activity, thus fostering the next generation of researchers in applied electronics. 

Collaborative research projects are discussed, demonstrating the integration of multidisciplinary 

expertise in advanced power electronics. Additionally, the authorôs role in curriculum development 

and academic programs improvement is outlined, contributing to enhanced engineering education. 

Overall, this chapter underscores the author's influence in both scientific innovation and academic 

leadership. 

 The last part is devoted to the future academic, professional and research activities, while 

the work ends with a comprehensive references list. 
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1. Summary of research conducted in the PhD studies  

 

The global efforts to reduce carbon emissions and the transition to sustainable energy 

intensify around the word. Usage of renewable energies is crucial in this context because it 

produces little greenhouse gases during operation. This significantly reduces the carbon footprint 

compared to fossil fuels, which are major contributors to global warming and climate change. As 

the demand for renewable energies technologies is continuously growing, the importance of DC-

DC converters in ensuring efficient power flow and control is becoming increasingly evident. DC-

DC converters are essential components in renewable energy systems, playing a critical role in the 

efficient conversion and management of electrical power, particularly in photovoltaic (PV) 

applications. These applications require DC-DC converters for step-up or step-down the input 

voltage with high efficiency. Classical DC-DC converters struggle to achieve very high conversion 

ratios, and using transformers for this purpose often reduces efficiency. In this context, in the PhD 

study [1], 11 new topologies of multiphase hybrid DC-DC converter were proposed by the author. 

 

The PhD dissertation aimed to achieve the following objectives: 

¶ To conduct a comprehensive review of the main DC-DC converters used in renewable 

energy systems as documented in the literature. 

¶ analyze and compare the structures of the switching cells. 

¶ To evaluate and compare different topologies of hybrid converters. 

¶ To present a synthesizing method for generating new multiphase hybrid converters. 

¶ To propose a new class of multiphase DC-DC converter topologies based on hybrid 

structures. 

¶ To perform both analytical and digital simulation studies of the proposed converters. 

¶ To construct and test laboratory prototypes to practically validate the theoretical results and 

simulations. 

Because chapters and paragraphs of the thesis will be further referenced, it was decided to 

maintain the notation used in the PhD thesis. The same will apply to the papers that will be 

referenced in this work. 

The PhD thesis was structured into five chapters, organized as follows. 

Chapter 1 serves as a general introduction of the DC-DC converters encountered in the 

literature and used in renewable energy, emphasizing the key components of the converter. The 

DC-DC converters were classified into three categories: classical converters, bidirectional 

converters, and associations of converters. Each converter was accompanied by a circuit diagram, 

a brief circuit description, the static conversion ratio, the main waveforms, along with a discussion 

of their advantages and disadvantages. Special focus was on the classical and multiphase 

converters, which were the primary concerned of the thesis. The chapter ends with the presentation 

of a low-cost system for testing and monitoring the performance of PV modules in outdoor 

conditions. From this chapter, the converters that will be used in the subsequent research together 

with the static conversion ratio were selected and presented in Table 1.1. These converters will 

serve as the foundational models for development of new converter topologies in future studies. 

The well-known general formula for static conversion ratio is: 

ὓ        ( 1.1 ) 
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Table 1.1 Main converter topologies [2] - [3]. 

Converter 

name 
Converter diagram 

Static 

conversion 

ratio 

Boost 

converter 

 

 
 

 

 

 

 

ὓ
ρ

ρ Ὠ
 

Buck 

converter 

 

 
 

ὓ Ὠ 

Buck-

Boost 

converter 

 

 
 

ὓ
Ὠ

ρ Ὠ
 

Sepic 

converter 

 

 
 

ὓ
Ὠ

ρ Ὠ
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Zeta 

converter 

 

 
 

ὓ
Ὠ

ρ Ὠ
 

Ĺuk 

converter 

 

 
 

ὓ
Ὠ

ρ Ὠ
 

 

In the second chapter the L and C-switching structures proposed by Boris Axelrod, Yefim 

Berkovich, and Adrian Ioinovici [4] - [5], [6], were presented and then they are integrated into 

classical and bidirectional converters to create new hybrid converter architectures. These hybrid 

structures, known as C-switching (using capacitors and diodes) and L-switching (using inductors 

and diodes), are presented in Table 1.2, with the possible hybrid converter topologies and their 

conversion ratios detailed in Table 1.3, finally offering significantly higher step-up or step-down 

conversion ratios compared to traditional converters. 
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Table 1.2 C and L-switching structures [1] - [5], [6], [7]. 

Switching structure name Image of the switching structure 

C-switching structures - Step-up 1 

 

 
 

C-switching structures - Step-up 2 

 

 
 

C-switching structures - Step-down 1 

 

 
 

L-switching structures - Step-down 1 

 
 

L-switching structures - Step-down 2 

 
 

L-switching structures - Step-up 1 

 
 



 

12 

 

Table 1.3 Hybrid converters [1] - [5], [6], [7]. 

Converter 

name 
Converter diagram 

Static conversion 

ratio 

1. Hybrid 

Buck 

converter 

with 

C-

switching 

structure 

step-

down 1 

 

 
 

ὓ
Ὠ

ς Ὠ
 

2. Hybrid 

Buck 

converter 

with 

L-

switching 

structure 

step-

down 1 

 

 
 

 

ὓ
Ὠ

ς Ὠ
 

3. Hybrid 

Boost 

converter 

with 

C-

switching 

structure 

step-up 1 

 
 

ὓ
ρ Ὠ

ρ Ὠ
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4. Hybrid 

Boost 

converter 

with 

L-

switching 

structure 

step-up 1 

 

 
 

ὓ
ρ Ὠ

ρ Ὠ
 

 

 

5. Hybrid 

Buck-

Boost 

converter 

with 

C-

switching 

structure 

step-

down 1 

 

 
 

ὓ
Ὠ

ρ Ὠẗς Ὠ
 

6. Hybrid 

Buck-

Boost 

converter 

with 

C-

switching 

structure 

step-up 1 

 

 
 

ὓ
ςẗὨ

ρ Ὠ
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7. Hybrid 

Buck-

Boost 

converter 

with 

L-

switching 

structure 

step-up 1 

 
 

ὓ
ςẗὨ

ρ Ὠ
 

 

 

8. Hybrid 

Ĺuk 

converter 

with 

C-

switching 

structure 

step-

down 1 

 

ὓ
Ὠ

ςẗρ Ὠ
 

9. Hybrid 

Ĺuk 

converter 

with 

L-

switching 

structure 

step-up 1 

 

 
 

 

 

 

 

 

 

ὓ
ρ ὨẗὨ

ρ Ὠ
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10. 

Hybrid 

Ĺuk 

converter 

with 

L-

switching 

structure 

step-

down 1  
 

 

 

 

 

 

 

 

 

 

 

ὓ
Ὠ

ςẗρ Ὠ
 

11. 

Hybrid 

Ĺuk 

converter 

with 

C-

switching 

structure 

step-up 2 

 

 
 

ὓ
ρ Ὠ

ρ Ὠ
 

12. 

Hybrid 

Sepic 

converter 

with 

C-

switching 

structure 

step-

down 1 

 

 
 

ὓ
Ὠ

ρ Ὠẗς Ὠ
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13. 

Hybrid 

Sepic 

converter 

with 

L-

switching 

structure 

step-

down 2 

 
 

ὓ
Ὠ

ςẗρ Ὠ
 

14. 

Hybrid 

Sepic 

converter 

with 

L-

switching 

structure 

step-up 1 

 

 
 

ὓ
ρ ὨẗὨ

ρ Ὠ
 

 

15. 

Hybrid 

Zeta 

converter 

with 

C-

switching 

structure 

step-up 2 

 

 
 

ὓ
ςẗὨ

ρ Ὠ
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16. 

Hybrid 

Zeta 

converter 

with 

L-

switching 

structure 

step-

down 1 

 
 

ὓ
Ὠ

ςẗρ Ὠ
 

17. 

Hybrid 

Zeta 

converter 

with 

L-

switching 

structure 

step-up 1 

 

 
 

ὓ
ρ ὨẗὨ

ρ Ὠ
 

 

 

The second chapter of the PhD thesis continues with a comparative analysis in order to 

identify the most suitable hybrid converter for various applications. After the comparative analysis, 

from the examined converters in Table 1.3, 6 converters are selected, one generated by each 

switching cell and with the highest or lowest conversion ratio. Each selected converter is detailed 

with a circuit diagram, a brief circuit description, the dc output voltage formula, simulation 

waveforms, and an analysis of its advantages and disadvantages. This chapter end with a method 

for synthesizing multiphase hybrid converters, and the author proposes 11 new multiphase 

converters that are depicted in Table 1.4, together with their static conversion ratio.  
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Table 1.4 Multiphase hybrid converters [1]. 

Converter 

name 
Converter diagram Static conversion ratio 

1. 

Multiphase 

hybrid 

Buck 

converter 

with C-

switching 

structure 

step-down 1 

 

 
 

ὓ
Ὠ

ς Ὠ
 

2. 

Multiphase 

hybrid 

Boost 

converter 

with 

L-switching 

structure 

step-up 1 

 

 
 

ὓ
ρ Ὠ

ρ Ὠ
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3. 

Multiphase 

hybrid 

Buck-Boost 

converter 

with C-

switching 

structure 

step-down 1 

 
 

ὓ
Ὠ

ρ Ὠẗς Ὠ
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Chapter 3 presents the hybrid Boost L-converter, focusing on analytical description, circuit 

waveforms and design guidelines. A comparative analysis between hybrid converters with coupled 

and uncoupled inductors was conducted, revealing that coupled inductors significantly reduce 

current ripple by half. This allows for lower switching frequency or smaller inductors, resulting in 

increased efficiency and reduced costs. To validate the theoretical findings, a single-phase Boost 

L-converter was designed and simulated in CASPOC, showing excellent agreement between 

simulation and theoretical calculations. A laboratory prototype was also built, and experimental 

results confirmed the theoretical considerations. The chapter concludes with efficiency diagrams 

comparing the prototype and Saber simulations for different output power level. The main 

contribution is the modification of the hybrid converter by using coupled inductors, resulting in a 

single core and reduced current ripple.  

The hybrid multiphase Boost L-converter proposed by the author, in Chapter 4, was 

realized with the help of the step-up hybrid Boost L-converter discussed in Chapter 3 of the PhD 

thesis, now implemented in a multiphase design. By employing an interleaved switching strategy, 

the converter operates with all phases synchronized, but phase-shifted to improve performance. 

The analysis includes the theoretical relationships, waveforms sketches validated through 

simulations in the CASPOC program. The benefits of the multiphase configuration include 

improved input and output characteristics due to frequency multiplication, resulting in reduced 

filtering requirements and faster transient response. By coupling the inductors, the complexity of 

the circuit is reduced, the current ripple being half compared with the uncoupled case and 

minimizing the number of cores needed. 

A comparison of coupled and uncoupled inductors versions shows that the coupled 

configuration is more efficient, and experimental results from a laboratory prototype validate the 

theoretical and simulated analyses. Despite the increased number of components in the two-phase 

design, it offers higher efficiency than the single-phase converter, reaching over 94% efficiency 

when the duty cycle is 1/3 and above 92% at 1/2. The chapter highlights the major advantages of 
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the multiphase hybrid converter and stresses the significance of this validation for the proposed 

family of converters. In the last chapter the conclusions and contributions of the PhD thesis are 

highlighted. 

The author chose to begin with this presentation of the PhD research topic because part of 

the current research has its origins in the studies conducted during the PhD program. 

The cooperation between Politehnica University of Timisoara and the University of 

Applied Science, Wilhelmshaven, played a pivotal role in the successful completion of the PhD 

research project. Under the expert supervision of Professor PhD. Eng. Viorel Popescu from the 

Applied Electronics Department at Politehnica University Timisoara, and the invaluable guidance 

of Professor PhD. Eng. Folker Renken during the research period abroad, the PhD project benefited 

from a blend of rigorous academic support and practical insights. The collaboration was further 

enriched by the technical assistance of Eng. Udo Sch¿rmann, who offered his support for the 

building and testing the laboratory prototypes. This international partnership not only facilitated a 

comprehensive research experience but also fostered a remarkable learning environment which 

also led to future research. 
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2. Achievements in scientific, professional, and academic fields 

during post-doctoral period 

 

 

2.1 Scientific research 

This chapter presents a comprehensive summary of my research contributions after 

defending the PhD thesis entitled ñA new class of high efficiency multiphase dc-dc convertersò, 

[1]. The PhD thesis was defended in 29.06.2015, at the Faculty of Electronics, 

Telecommunications and Information Technologies from Politehnica University of Timisoara. The 

Minister of National Education confirmed the PhD thesis through Order No. 4643, dated 

30.07.2015. 

My postdoctoral research has spanned several key areas, with a strong focus on the 

development [8]- [9], [10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], 

[24], [25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], control [37], [38], [35], and 

applications like photovoltaic [19], [30] or fuel cell [39], [40], [41], [38] of DC-DC converters.  

Although the most notable achievements are presented in distinct sections, reflecting original 

contributions to the field, there are instances where these sections overlap due to the interconnected 

nature of the research topics. This structure aims to highlight the depth of each area while also 

acknowledging the cross-disciplinary insights that have emerged from these overlapping 

contributions through the presentations of significant research projects and the most impactful 

publications in these areas conducting by the author. 

 

2.1.1 New families of dc-dc converters 

The discovery and development of new DC-DC converters is crucial due to their wide 

range of applications, including electronics (cellphones, laptops), automotive, renewable energy 

systems and DC grids. These converters must efficiently step-up, step-down, or both, depending 

on the input and output voltage requirements of each application. Innovative DC-DC converter 

topologies, such as quadratic, semiquadratic, hybrid or other advanced structures, offer improved 

efficiency, voltage gain, and reduced ripple, which are essential for optimizing energy used in 

renewable systems, like photovoltaic modules. Additionally, as renewable energy sources gain 

more importance in combating the energy and pollution crisis, enhanced DC-DC converters are 

necessary to maximize energy harvesting and integration into smart grids. Consequently, the 

discovery and development of new DC-DC converters are vital for advancing technology, 

improving energy efficiency, and supporting sustainable practices across various industries.  

The contributions to the development of new converters are showcased in 28 papers and 

extensively covered by two major research projects, [42], [43]. The respective studies and projects 

have had a significant impact on expanding the knowledge and applicability of converters, 

addressing various technical challenges, and offering innovative solutions. 
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2.1.1.1 Hybrid buck L DC-DC converter 

In the papers [8] - [9], a new two-phase hybrid Buck L converter is presented. Starting from 

the L-switching structure step-down 1 presented in [6], [7], [44], [45] - [46] and [1], replacing the 

diode D and the inductor L by the switching cell in the classical Buck, the converter described in 

[7] and [1] was developed. The circuit is presented in Figure 2.1. 

 

Figure 2.1 Single-phase hybrid buck L DC-DC converter. 

 In [8] and [9] the design of a multiphase hybrid Buck L converter is presented. All phases 

share a common input and output capacitor. The total current is distributed across multiple phases, 

which significantly reduces AC currents in both the input and output capacitors by employing an 

interleaved switching topology. Due to the presence of the main inductance in the negative rail of 

the converter, it is necessary to balance the current across the different phases. For this purpose, 

common-mode inductances, as shown in Figure 2.2 are placed in both the positive and negative 

rails of each phase. 

 

Figure 2.2 Two-phase interleaved hybrid buck L converter. 

Additionally, this approach increases the frequency of the capacitor currents, leading to 

lower ripple effects. This configuration helps to maintain balance and optimizes performance in 

multiphase converter designs, effectively improving both efficiency and the overall operation of 

the system. 

For the calculations, it is assumed that all converter components operate lossless, and that 

both input and output voltages together with the current are nearly DC. Additionally, the converter 



 

27 

 

is controlled via pulse width modulation, with switching states designated as ton (on-state) and toff 

(off-state). 

The output voltage is: 

Ὗ/ÕÔ ẗὟ)Î      ( 2.1 ) 

In comparison to the traditional buck converter, the hybrid buck L converter operate with 

a higher duty cycle for the same input and output voltage. A higher duty cycle indicates that the 

electronic switch is turned on for a longer amount of time. In the switched-on states of the hybrid 

buck L converter, energy is directly transferred from input to output. As a result, high efficiency 

with the same component effort is expected. The voltage ratio for both converters is plotted in 

Figure 2.3 as a function of duty cycle. 

 

Figure 2.3 Voltage ratio of a traditional buck and a hybrid buck L converter. 

Converter input circuit calculation 

Figure 2.4 illustrates the input currents waveforms for a two-phase hybrid buck converter. 

The currents in both inductors, as well as the input current for phase 1, are displayed above, while 

the 2 phase currents are depicted below in green. The triangular-shaped inductor currents of the 

two phases are interleaved using a half period offset pulse. The input current of each phase are 

added resulting in a total input phase current (IIP). It is assumed that only the DC component of 

the current flows through the circuit input. For multiphase converters, the relationship between the 

input current (IIn) and the average inductor current of the phases (ILnAV) can be determined,  [8] - 

[9] and [1]. 

Ὅ,Î !6
)Î

ẗ
       ( 2.2 ) 

The entire AC component of the input phase current, IIP, equivalent to the input current, IIC, is 

assumed to flow through the input capacitor. 

The capacitors conduct the entire AC component of the input phase current, IIP. This AC 

current is much lower than that of a single-phase hybrid buck-L converter, and the frequency of 

the capacitor current is also doubled,  [8] - [9] and [1]. 

. 
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Figure 2.4 Input waveforms of a two-phase hybrid buck L converter (d = 0.3). 

The calculation of circuit inductances in an n-phase design can be performed similarly to 

that of single-phase circuits. It is important to consider that the input current is distributed across 

the number of phases. Consequently, the maximum current variation in each individual inductance 

should be determined based on the maximum DC current at the rated power in the respective 

phases. Typically, for design purposes, the maximum current variation is chosen to range between 

10% and 30% of the phase DC current in the inductances at rated power, [8] - [9] and [1]. 

. 

ὒ1n ὒ2n
Inẗ

Ln max
ẗσ ςẗЍς      ( 2.3 ) 

 

ɝÉ,Î ÍÁØπȢρ πȢσẗ),Î !6 2      ( 2.4 ) 
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Since the amplitude of the triangular current variation in the inductors depends on the duty 

cycle of the converter, and the duty cycle remains the same across all phases, the current ripples 

in all inductors are identical, [8] - [9] and [1]. 
  

ῳὭ,Î 
ẗ

ẗ ẗЍ
ẗῳὭ,ÎÍÁØ       ( 2.5 ) 

In the calculation of the input capacitor for multiphase hybrid buck L converters, it is noted 

that, compared to a single-phase design, the capacitor current is reduced while the current 

frequency increases proportionally with the number of phases. The current in the capacitor is 

influenced by variations in the input voltage. Typically, for capacitor design, the allowable static 

voltage variation is chosen to be less than 1% of the rated input voltage, [8] - [9] and [1]. 

ὅ
ẗ,Î !6

ẗẗ )Î ÍÁØ
       ( 2.6 ) 

ɝÕ)Î ÍÁØπȢπρẗÕ)Î 2      ( 2.7 ) 

For electrolytic capacitors, the RMS current load is a key design factor. To calculate the 

RMS current in the input capacitor IC for multiphase DC-DC converters, ideal switching and DC 

input current are assumed. In the worst-case scenario, the capacitor handles the total AC current. 

The capacitor current consists of two components: a rectangular and a triangular part. The formula 

below shows the RMS current for the rectangular component in multiphase converters with n 

phases, [8] - [9] and [1]. 

Ὅ)#     
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  ( 2.8 ) 

As the number of phases increases, the average inductance current ILnAV from formula (2.2) 

decreases. In a two-phase converter, ILnAV is only half of that in a single-phase converter (see 

formula (2.2)), which reduces the rectangular component of the input capacitor current in a 

multiphase design. Additionally, the RMS current of the triangular components for multiphase 

converters with n phases is provided in the next formula. 
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 ( 2.9 ) 

The current variation æiLnmax from formula (2.4) is determined based on the rated average 

inductance current ILnAV during circuit design. As the number of phases increases, the current 

variation decreases. The total capacitor current in an n-phase hybrid buck DC-DC converter is the 

geometric combination of the RMS rectangular and triangular components, [8] - [9] and [1]. 

))# ))# ))#      ( 2.10 ) 

The results of the RMS current calculation for the input capacitor CI in a multiphase DC-

DC converter are shown in Figure 2.5. It can be observed that the capacitor's current load 

significantly decreases as the number of phases increases. The rectangular RMS component is the 

dominant factor, as indicated by the dotted lines where DiLn max = 0, [8] - [9] and [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5 RMS-current in the input capacitors of a hybrid buck L converter. 
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In n-phase converters, the maximum capacitor current from the rectangular component 

decreases by a factor of 1/n. The triangular current load is independent of the converted power and 

is determined by the inductance design. At rated output power, the rectangular component 

dominates, minimizing the triangular current's influence on the total capacitor current. The 

capacitor currents are shown with a variation of DiLn N max = 0.5 ILnAV, [8] - [9] and [1]. 

 

Converter output circuit calculation 

Figure 2.6 illustrates the output current waveforms for a two-phase hybrid buck converter. 

The currents in both inductors, as well as the output current for phase 1, are displayed above, while 

the phase 2 currents are depicted below in green. The triangular-shaped inductor currents of the 

two phases are interleaved using a half-pulse period offset. During switched-on periods, the phase 

output currents are equal to the inductor currents. However, in the switched-off states, the output 

current of each phase is double that of the inductance current in a single-phase converter. The total 

output phase current IOP  is the sum of all phase output currents, as shown in the figure, along with 

the DC component IOut, [8] - [9] and [1]. 

 

 

Figure 2.6 Output waveforms of a two-phase hybrid buck L converter (d = 0.3). 

It is assumed that the DC current flows through the circuit's output, while the AC 

component of the overall output phase current IOP  flows through the output capacitor. This AC 
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current is significantly smaller, and its frequency is doubled compared to a single-phase buck 

converter. Similarly, for calculating the required output capacitance in a multiphase hybrid buck 

converter, the output capacitor current decreases while the current frequency increases with the 

number of phases. As a result, the capacitor current causes a voltage variation at the output. 

Typically, the permissible static voltage variation for capacitor design is set to be less than 1% of 

the rated output voltage, [8] - [9] and [1]. 

ὅ
ẗ,Î !6

ẗẗ /ÕÔ ÍÁØ
     ( 2.11 ) 

ɝÕ/ÕÔ ÍÁØπȢπρẗÕ/ÕÔ 2    ( 2.12 ) 

The RMS current in the output capacitor CO of the converter is calculated, and it can be 

divided into a rectangular and a triangular component. The formula below presents the RMS 

current of the rectangular part for multiphase converters with n phases, [8] - [9] and [1]. 
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              ( 2.13 ) 

 

The RMS current at the output capacitor produced by the triangular component in 

multiphase converters can be described by the following formula, [8] - [9] and [1]: 
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     ( 2.14 ) 

 

The rectangular component of the output capacitor's RMS current is identical to that of the 

input capacitor. Additionally, as the number of phases increases, the average inductance current 

ILnAV  from formula (2.2) decreases. The triangular RMS current component is independent of the 

converter load and is determined by the inductance design. For an n-phase converter, the total 

capacitor current is the geometric sum of the rectangular and triangular RMS components, as 

shown in the formula below, [8] - [9] and [1]. 

Ὅ/# Ὅ/# Ὅ/#     ( 2.15 ) 

Figure 2.7 shows the total RMS current in the output capacitor CO of a multiphase hybrid 

buck L converter. As the number of phases increases, the capacitor's current load decreases. The 

rectangular RMS component, which is the same in both input and output capacitors, dominates 

(see dotted lines, DiLn max = 0). In n-phase converters, the maximum capacitor current from the 

rectangular part is reduced by a factor of 1/n, [8] - [9] and [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7 RMS-current in the output capacitors of a hybrid buck L converter. 
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The load on the output capacitors caused by the triangular current is independent of the 

converted power. At rated output power, this current has minimal impact on the overall capacitor 

current, represented by a variation of DiLn N max = 0.5 ILnAV. However, compared to the input 

capacitors, the triangular current has a greater influence on the output capacitors. In practice, the 

triangular current in the inductances can be increased because it has a limited effect on the total 

current in both input and output capacitors of multiphase converters. This allows for improved 

dynamics in the hybrid buck DC-DC converter and reduces the size of the inductances and 

capacitors required, [8] - [9] and [1]. 

In addition to the calculated current, harmonics from the switching processes also flow 

through the capacitors. These effects have been studied in other converters [47], and similar results 

can be applied to hybrid buck converters. At low loads, the additional current can significantly 

contribute to capacitor heating, while at higher output power, the calculated capacitor current 

dominates. However, this effect varies depending on the type of semiconductor and is influenced 

by the converter's switching frequency [9], [48] and [49]. 

 

Simulations of a hybrid Buck L converter 

The simulations analyse the current waveforms of a two-phase hybrid Buck L converter 

using the CASPOC program, [50]. The converter circuit has an input voltage of 50V and a 

converter power of 400W. The pulse frequency of each phase is 50kHz, and the main inductance 

is in the minus line. A good, symmetrized current is achieved by common mode inductors             

LCM = 2mH in each phase output. The simulation results, with a duty cycle of d=0.4 and d=2/3, are 

shown. 

In Figure 2.8 and Figure 2.13, the inductor currents of the two-phase converter are 

presented. The four inductor currents have identical amplitudes, but the phase currents are shifted 

by half a pulse period. The switches in each phase are actuated with a half-pulse delay (Figure 2.9 

and Figure 2.14). In switched-on states, the inductors are in series, meaning the inductor current 

also flows through the switches. At d=2/3, there is overlap in the current flow through the switches.  

In switched-off states, the inductors are connected in parallel, and current flows through 

the diodes, with each diode handling the single inductor current (Figure 2.10 and Figure 2.15). The 

diode currents in different phases are time-shifted by half a pulse period, and at d=0.4, the current 

flows in the diodes overlap. 

Figure 2.11 and Figure 2.16 show the input current IIn and the phase input current iIP . 

During ON-state, the phase inductance current flows in the input phase, while the total input 

current remains constant. The difference between the input phase and input current is the input 

capacitor current. With d=0.4, there is no overlap in switch-on states, while at d=2/3, an overlap is 

observed. The average input current is IIn = 8A, leading to an input power of 400W. 

Figure 2.12 and Figure 2.17 display the output phase current iOP  and the total output current 

IOut. During switched-on states, the phase inductance current flows through the phase output, while 

during switched-off states, the output phase current is twice the inductance current. The total output 

current IOut  is nearly constant, with the output capacitor current being the difference between the 

output phase and total output current, [8] - [9] and [1]. 
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Figure 2.8 Inductor currents of a two-phase hybrid buck L converter (d =0.4). 

 

Figure 2.9 Switch currents of a two-phase hybrid buck L converter (d =0.4). 

 

Figure 2.10 Diode currents of a two-phase hybrid buck L converter (d =0.4). 

 

Figure 2.11 Currents at the input of a two-phase hybrid buck converter (d =0.4). 
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Figure 2.12 Currents at the output of a two-phase hybrid buck converter (d =0.4). 

 

Figure 2.13 Inductor currents of a two-phase hybrid buck L converter (d =2/3). 

 

Figure 2.14 Switch currents of a two-phase hybrid buck L converter (d =2/3). 

 

Figure 2.15 Diode currents of a two-phase hybrid buck L converter (d =2/3). 
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Figure 2.16 Currents at the input of a two-phase hybrid buck converter (d =2/3). 

 

Figure 2.17 Currents at the output of a two-phase hybrid buck converter (d =2/3). 

Can be remarked from Figure 2.12, that the diode currents of both phases overlap, causing 

the output phase current to be the sum of the double diode currents from both phases during those 

periods. In other periods, the output phase current is formed by the switch current of one phase 

and the double diode current of the other phase. The average output current is IOut = 32A, with an 

output voltage of UOut = 12.5V and output power of 400W. 

In Figure 2.17 the switch currents of both phases overlap, making the output phase current, 

the sum of both switch currents during those periods. In other periods, the output phase current 

consists of the switch current from one phase and the double diode current from the other. In this 

case, the average phase output current is IOut = 16A, with an output voltage of UOut = 25V, still 

achieving the same output power of 400W. 

 

In the paper [8], the two-phase hybrid Buck L converter is compared with the single-phase 

Buck-L converter. In each case the input voltage: UIN = 50V and the rated power of the converters 

POut = 300W. The pulse frequency of the converter fP = 50kHz and the duty cycle d = 0.5. The 

current in the inductors iL1 and iL2 are shown in the Figure 2.18, for a single-phase hybrid Buck-L 

converter. 

 

Figure 2.18  Inductor currents of a single-phase hybrid buck L converter. 
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In Figure 2.19, the input phase current iIP  and converter input current IIn  are shown. When 

switched on, the input phase current equals the inductor current, and in the off state, it drops to 

zero. The difference between these is the input capacitor current. 

 

Figure 2.19  Currents at the input of a single-phase hybrid buck L converter. 

Figure 2.20, shows the output phase current iOP  and output current IOut. When switched on, 

the output phase current matches the inductor current, while during the off state, it doubles. The 

output current IOut  remains nearly constant, with the difference being the output capacitor current. 

 

 

Figure 2.20 Currents at the output of a single-phase hybrid buck L converter. 

In these examples, the input current IIn and output current IOut remain nearly constant. This 

situation represents the worst-case scenario for sizing the filter capacitors and calculating the RMS 

current, as in this case, all the AC current components flow through the capacitors, [8] - [9] and 

[1]. 

For comparison, simulations were performed on the two-phase hybrid Buck L converter, 

with the current names as shown in the figures bellow. The pulse frequency for each phase is fP = 

50kHz, and the duty cycle is d = 0.5. The inductor currents in the two-phase converter, shown in 

the Figure 2.21, have the same amplitude but are phase-shifted by half a pulse period. 

Figure 2.22, illustrates the input current IIn  and the input phase current iIP. During the ON-state of 

a switch, the corresponding inductor phase current flows through the input phase iIP , with no 

overlap or current gaps at d = 0.5. The input current IInt  remains constant, and the difference 

between the input phase current and input current is the input capacitor current, which is 

significantly lower compared to a single-phase converter. At this duty cycle, the input capacitor 

current reaches a minimum (see Figure 2.5). 

In Figure 2.23, the output phase current iOP and converter output current IOut are shown. During 

the ON-state, the inductor current flows through the output phase. When switched off, the output 
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phase current is twice as large as the inductor current. With d = 0.5, one phase is ON while the 

other is OFF, making the output phase current iOP roughly three times higher than the inductor 

current. The output current IOut is nearly constant, and the output capacitor current, similar to the 

input capacitor current, is significantly lower than in a single-phase converter, reaching a minimum 

at this duty cycle (see Figure 2.7). 

In this simulation, both the input IIn and output IOut currents are nearly constant, which represents 

the worst case for calculating the filter capacitors and the RMS capacitor current. 

 

Figure 2.21 Inductor currents of a two-phase hybrid buck L converter. 

 

Figure 2.22 Currents at the input of a two-phase hybrid buck L converter. 

 

Figure 2.23 Currents at the output of a two-phase hybrid buck L converter. 

In the two-phase converter circuit, the inductance currents in both the positive and negative 

lines of each phase are nearly identical (see Figure 2.21). This balanced current is achieved using 

large common mode inductors in the phase outputs (LCM = 2mH). Simulations are now used to 

determine the required values for these common mode inductors in the circuit. 

The next figure shows the inductance currents when smaller common mode inductors (LCM = 

0.5mH) are used. In this case, the phase currents are not sufficiently balanced, causing the current 

in the negative line to be slightly lower than in the positive line. When phase currents become 

more asymmetrical, it can alter the converter's voltage ratio, leading to unstable operating 

conditions, which should be avoided, [8] - [9] and [1]. 
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Figure 2.24 Inductor currents in case of reduced common mode inductors. 

The two common mode inductors must compensate as much imbalance as possible. Any 

residual inductance in the output circuit can lead to significant oscillations, complicating the 

practical implementation of the circuit design. 

Alternatively, double pole switches can be used instead of common mode inductors to 

achieve current symmetry between the phases. In this approach, the two switches from the 

respective phases must always switch simultaneously to maintain balanced phase currents. 

 

Figure 2.25 Design of a two-phase converter with bipolar switches. 

Figure 2.26 displays the waveforms of the four inductor currents in a two-phase converter with a 

duty cycle of d = 0.5. The currents in the two individual phases are identical, indicating balanced 

operation across the phases. 
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Figure 2.26 Inductor currents in the circuit with bipolar switches (d = 0.5). 

In the illustrated inductor current waveforms, only one bipolar switch is turned on at a time. 

However, studies have shown that this method also functions effectively with overlapping 

switching durations between different phases, achieving good current balancing. The downside of 

this approach is that the converter experiences slightly higher losses due to the use of bipolar 

switches, [8] - [9] and [1].  

In multiphase configurations, current balancing between phases is necessary, requiring 

additional components like common mode inductors presented in the paper [8] - [9]. However, 

incomplete compensation can cause oscillations. In simulations was also tested double pole 

switches, which improved current balancing but slightly increased losses. Overall, the added 

complexity for balancing currents is difficult to justify, even with the advantages of multiphase 

designs. 

The design incorporating common mode inductors was selected for the practical 

implementation of the Hybrid Buck L Converter, and the results will be compared with both 

simulations and the theoretical analysis. 

 

Practical performance evaluation of a hybrid Buck L converter 

In this section, the calculated and simulated currents are compared with practical 

measurements from a two-phase hybrid buck L converter. Figure 2.27, shows the implemented 

converter, with a maximum power output 400W and a pulse frequency of 50kHz for each phase. 

In the circuit, the inductor coils of the phases are coupled to reduce the overall inductance 

requirements. Loops are included in the inductor connections for easier current measurements. 

Small current transformers are used to measure currents in the semiconductor components. 

 

 

Figure 2.27 Realized hybrid buck L converter with output power of 400W. 
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Since the main inductance is located in the negative line of the circuit, the phase currents 

need to be balanced using common mode inductors at the phase outputs. Two common mode 

inductors with values of LCM = 2mH are used to achieve maximum compensation. Any residual 

inductance in the output circuit could cause significant oscillations, making the practical 

implementation of the design more challenging. 

To control the power unit, two PWM signals shifted by half a pulse period are required. 

This is achieved by comparing a triangular AC voltage with positive and negative DC voltages. 

The triangular voltage has a constant maximum value and a frequency matching the converter's 

phase pulse frequency. The two DC voltages are equal in magnitude and adjustable, generating the 

two PWM signals shifted by half a pulse period. The pulse widths of both signals can be 

simultaneously adjusted by varying the DC voltages. 

Figure 2.28 shows the triangular AC voltage alongside one of the DC voltages. The level 

of the second DC voltage is also indicated. Both DC voltages can be adjusted between the 

maximum and minimum values of the triangular voltage, allowing for control of the PWM signals, 

[8] - [9] and [1]. 

 

  

Figure 2.28 Generating of the PWM-signals. 

Figure 2.29 and Figure 2.30 display the PWM signals for the electronic switches in both 

phases. The duty cycle of the control signals is identical for both phases. In Figure 2.29, the duty 

cycle is d=0.4, while in Figure 2.30, the duty cycle is increased to d=2/3 by adjusting the DC 

voltages. 

 

Figure 2.29 PWM-signals with a duty cycle d = 0.4. 

The two PWM signals control the electronic switches of the power unit, with gate drivers ensuring 

proper phase-shifted control of the power semiconductors. Next, measurements of the converter's 
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power unit are shown. The current in the power semiconductors is measured using small current 

transformers with a transformer ratio of 1/50. 

Figure 2.31 presents the measured current waveforms, with the duty cycle approximately d å 2/3 

and the output power around POUT å 150W. At this operating point, the electronic switches have 

overlapping on-times. Since the current transformers only measure AC components, the zero line 

is marked in the figure. The principal current waveforms match the simulation results shown in 

previous figures. 

 

  

Figure 2.30 PWM-signals with a duty cycle d = 2/3. 

 

Figure 2.31 Current in the MOSFETs with a duty cycle d =2/3. 

In the switched-off state, the inductor current continues to flow through the diodes. This is 

clearly shown in Figure 2.32, where the current in the MOSFET stops, and the diode current starts 

to flow. The corresponding waveforms are also reflected in the simulation results shown in Figure 

2.15. 
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Figure 2.32 Current in the diodes with a duty cycle d å 2/3. 

The practical current waveforms closely match the simulated and mathematically 

calculated results. The use of a multi-phase structure significantly reduces the currents in the input 

and output capacitors, lowering the filtering requirements. However, to balance the currents across 

phases, common mode inductors are necessary in each phase. While this method achieves good 

balancing, it slightly increases circuit losses. 

Finally, efficiency curves for the hybrid buck converter were determined by measuring the 

input and output power. Efficiency was calculated across a range of output powers from                

POUT = 20W to 400W, with a consistent output voltage of UOUT = 24V and input voltage of 50V. 

The efficiency of the practical hybrid buck L converter is shown in Figure 2.33. The maximum 

efficiency is approximately 95% at an output power of 70W, while the efficiency at the rated output 

power is around 87%, [8] - [9] and [1]. 

 

  

Figure 2.33 Efficiency dependency on output power. 

These efficiency levels are comparable to those of a traditional buck converter. However, 

the hybrid buck L converter offers significant advantages, particularly when handling large voltage 

differences. 
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Conclusion 

Buck converters are widely used in various applications for electrical power supply, with 

the filter circuit significantly contributing to the overall volume, weight, and cost. Therefore, 

accurately determining the required filter size is essential to avoid oversizing. 

This papers, [8] - [9] and [1] analyses the hybrid buck L converter, which is particularly 

suitable for applications with wide voltage conversion ratios. A notable disadvantage of this 

converter is the complexity of the filter elements. However, by using multiphase structures and 

interleaved switching techniques, the filter requirements can be reduced. Current calculations for 

a hybrid buck L DC-DC converter with varying numbers of phases were performed and compared 

with simulations and practical measurements of a realized two-phase converter. The results show 

that the input and output capacitor currents are significantly reduced, [8] - [9] and [1]. 

In multiphase configurations, phase current balancing is necessary, requiring common 

mode inductors at each phase output. These inductors must fully compensate for any imbalance, 

adding complexity to the circuit design and increasing the circuit's overall effort. 

Finally, the efficiency results of the realized converter are presented. The converter has a 

nominal output power of 400W with an input voltage of 50V, demonstrating high efficiency in 

operation [8] - [9] and [1]. 

 

 

2.1.1.2 Multiphase Buck-Boost-L converter 

 

In the paper, [13], a novel structure of a DC-DC multiphase converter is presented, 

specifically a buck-boost topology. Although this converter was initially proposed in the PhD 

thesis, [1], the detailed analysis of the buck-boost multiphase converter variant has not been 

published then. Like in the previous work, this paper, [13],  follows a systematic approach, 

beginning with the abstract and introduction, followed by an analysis of the single-phase converter.  

The discussion, then progresses to the two-phase and a n-phase interleaved design can be 

read also from the article. Simulations, along with practical measurements, validate the theoretical 

analysis, confirming the effectiveness of the multiphase configuration. 

The structure of the converter for a two-phase and an n-phase interleaved hybrid buck-

boost L-converter can be seen in the Figure 2.34 
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Figure 2.34 Design of a two-phase (left) and an n-phase (right) interleaved hybrid buck-boost L converter. 
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The conversion ratio of the hybrid buck-boost converter is: 

Ὗ/ÕÔ
ẗ
ẗὟ)Î       ( 2.16 ) 

with Ὠ
ÏÎ

  and  ρ Ὠ
ÏÆÆ . 

The currents for the two-phase hybrid buck-boost converter presented in Figure 2.34,  are 

shown in Figure 2.35. The figure's top section, highlighted in yellow, displays the currents in both 

inductors and the input current for phase 1, while the bottom section, in green, illustrates the 

corresponding currents for phase 2. The triangular inductor currents of the two phases are shifted 

by half a pulse period. During the on-state, the inductors for each phase are connected in parallel, 

resulting in an input current for each phase that is double the inductor current, with the phase 

output currents at zero. In the off-state, the inductors connect in series, making the phase output 

currents equal to the inductor currents, while the phase input currents are zero, [13]. 

                    

Figure 2.35 Current waveforms at the input (left) and output (right) of a two-phase buck-boost converter. 

The overall input phase current, IIP, is the sum of the input phase currents, while the total 

output phase current, IOP, is the combined current from the output phases. In the Figure 2.35, the 

overall input phase current IIP  with its DC component IIn  is shown on the left, and the overall 

output phase current IOP with its DC component IOut appears on the right. For this circuit, it is 

assumed that only DC currents flow through the input and output. Under these conditions, the 

relationship between the input current IIn, output current IOut, and the average inductor current of 

each phase ILnAV for multiphase converters can be determined. 
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     ( 2.17 ) 

Ὅ,Î !6
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ẗ
        ( 2.18 ) 

The AC component of the overall input phase current, IIP, flows into the input capacitor, 

while the AC component of the overall output phase current, IOP, flows through the output 

capacitor. These capacitor currents are significantly smaller compared to those in a single-phase 

hybrid buck-boost converter, and the frequency of these currents is doubled, allowing for reduced 

filtering requirements, [13]. 

The RMS currents in the input and output capacitors are calculated. In Figure 2.36, the RMS 

currents for single-, two-, and three-phase buck-boost converters are shown. The input capacitor 

current is roughly twice that of the output capacitor, and the RMS current load on both capacitors 

decreases as the number of phases increases. These currents can be divided into two components: 

a rectangular part and a triangular part. The rectangular RMS component is dominant (shown with 

dotted lines when DiLn max = 0), and its maximum contribution to the capacitor current decreases 

by a factor of 1/n for an n-phase converter. 

Calculations show that the triangular component has minimal influence on the total current in the 

capacitors of multiphase converters. Therefore, the triangular current in the inductors can be 

increased, improving the dynamic response of the hybrid buck-boost DC-DC converter while 

significantly reducing the inductance and capacitance requirements, [13]. 

    

Figure 2.36 RMS-Current in input (left) and output capacitors (right) of converters with different phases. 

In addition to the calculated current in the capacitors, harmonics generated by the switching 

processes in each phase also flow through the capacitors. Studies published in [9], [48] and [51], 

examined this additional current in a different converter, and these findings are applicable also to 

this hybrid buck-boost converter. At low loads, this extra current can significantly impact the 

capacitors and increasing their temperature. However, as output power rises, the calculated 

capacitor current becomes more dominant. The impact of this additional current is influenced by 

the converterôs pulse frequency. In the paper, [13], can be seen also the results from the practical 

part. In this habilitation thesis, will be presented the resume from practical part. 

 

Practical measurements of two-phase hybrid Buck-Boost converter 

The circuit is designed for an output power of POut = 300W. A 600V MOSFET switch and 

output diode are chosen for each phase, allowing for a wide input and output voltage range. The 
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hybrid buck-boost converter operates at a pulse frequency of fP = 25 kHz, resulting in a 50 kHz load 

on the input and output capacitors, [13]. 

The next figure illustrates the converter's power section (left) with four individual boards 

and the control board (right). The top two power boards represent one phase, while the bottom two 

represent the other phase of the hybrid buck-boost converter. The input and output circuits of the 

converter with the MOSFET and the output diode are placed on the left-hand boards for both 

phases. In order to control the MOSFETs, a gate driver circuit is mounted on these boards.  Each 

of the two power boards on the right contains the circuit structure for each phase, including two 

inductors and three diodes. The inductors in each phase are magnetically coupled. Additionally, 

current sensors are used to measure the current in both inductors as well as at the phase input and 

output for each phase, [13]. 

      

 

Figure 2.37 Photos of the two-phase buck-boost converter power (left) and control board (right). 

In Figure 2.38, waveforms of the hybrid buck-boost converter are shown for a duty cycle 

of d = 0.33 (left) and d = 0.5 (right). The current scale is set to 3.33 A/div, and the time scale to 10 

Õs/div, with zero lines marked on the left of each diagram. The upper section of the figure displays 

the nearly constant, triangular inductor currents alongside the phase input currents from the two-

phase converter. During the on-state, the phase input current is twice the inductor current. In the 

off-state, the inductor currents flow through the output diode to the phase output, as shown in the 

lower part of the figure. 
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Figure 2.38 Current waveforms of the converter at a duty cycle d = 0.33 (left) and d = 0.5 (right). 

In Figure 2.39, efficiency diagrams for the implemented two-phase hybrid buck-boost 

converter are shown. The input voltage, VIn = 60V, remains constant, while the output voltage varies 

in 30V increments from VOut = 60V to VOut = 150V. The typical efficiency curve for VOut = 60V is 

displayed in the top left, with a peak efficiency of 91.5% and a decrease to 89% at full load. At 

VOut = 90V, efficiency improves slightly, reaching 91.5% at rated power. For VOut = 120V, efficiency 

further increases, achieving 92.5% at rated power. With VOut = 150V, efficiency rises again, reaching 

around 93%, maintaining nearly constant performance over a wide power range, [13].  
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Figure 2.39 Efficiency diagrams for the two-phase hybrid buck-boost converter. 

In the conclusionôs sections of the paper, are presented the main features of this converter 

and it is followed by a comprehensive list of references. 

 

 

2.1.1.3 Hybrid Boost-L converter 

 

The paper ñA New Hybrid Boost-L Converterò, [11], introduces a new step-up topology 

with a high step-up conversion ratio, [11]. In comparison to a classical boost converter, [2], the 

static conversion ratio is (1+nĀD) times higher, where n is the transformer ratio. Unlike quadratic 

converters, this design uses only one transistor, three diodes, one capacitor, and one magnetic 

component, effectively reducing the reactive elements. Design equations are provided, with 

simulations and experimental results validating the theoretical performance. This novel converter 

presents a cost-effective solution for applications requiring a substantially higher output voltage 

than the input voltage [11]. 

The development of this converter started from the hybrid step-up converter with switching 

structure Up3 [7], as shown in Figure 2.40 and analysed in [7], [52], [47]. The initial step in 

developing the new structure was to couple the two inductors and to analyse the converter 

operation. For transformer ratios higher than unity, diode D4 remains always off and therefore it 

was eliminated, simplifying the circuit and reducing the costs. Additionally, coupling the inductors 

reduces the need for an additional magnetic core, simplifying the design even more. The resulting 
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converter, shown in Figure 2.41, includes one active switch, three passive switches, an output 

capacitor, and two coupled inductors, achieving a distinct conversion ratio. 

 

Figure 2.40 Hybrid step-up converter with switching structure Up3 [7]. 

 

Figure 2.41 The new proposed Hybrid Boost-L converter  [11]. 

The DC analysis is conducted for continuous conduction mode (CCM), focusing on diodes 

D1, D2, and D3. Typical for CCM analysis, small ripple assumptions are made for the state 

variables, considering inductor currents and capacitor voltages nearly constant for DC analysis 

purposes, and the static conversion ratio is derived under these conditions. Ideal operation is 

assumed, where all components are lossless, and the inductors are perfectly coupled.  

For this hybrid Boost-L converter operating in CCM, two topological states are possible, based on 

the switching states of the power transistor and diodes. The switching frequency is denoted by fs 

and the period by Ts, with the transistor duty cycle represented by D. During the first state, from 0 

to DẗTs, transistor S and diode D1 are on, while diodes D2 and D3 are off due to reverse biasing.  

In the second state, from DẗTs to Ts, transistor S and diode D1 turn off, and diodes D2 and D3 are 

forward biased. To facilitate the analysis, an equivalent schematic is used as in Figure 2.42, where 

the coupled inductors are replaced by an ideal transformer (denoted IT) and a magnetizing 

inductance LM, equal to L1, with the transformer ratio denoted as n. 
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Figure 2.42  Equivalent schematic of the proposed Hybrid Boost-L converter. 

The ideal transformer equations are: 

Ὥ ὲϽὭ π      ( 2.19 ) 

ὺ ὲϽὺ       ( 2.20 ) 

and these equations are applied to any converter configuration that incorporates coupled inductors. 

The DC voltage across the output capacitor is equal to output voltage and is: 

ὠ ὠ
Ͻ
Ͻὠ        ( 2.21 ) 

Hence the static conversion ratio of the converter is: 

 

ὓ
Ͻ
         ( 2.22 ) 

The dependency of the static conversion ratio against duty cycle, with n>1 as a parameter, 

is presented in Figure 2.43.  

The dc value of the magnetizing current is: 

Ὅ
Ͻ Ͻ

Ͻ       ( 2.23 ) 
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Figure 2.43 Static conversion ratio against duty cycle for the proposed converter (where n=2-5), classical Boost 

converter and Hybrid Boost-L converter from [7]. 

The semiconductors current and voltage stresses are presented in Table 2.1. 

Table 2.1 Device stresses.  

Name of the 

component 
Voltage Current 

S ὠ
ρ ὲϽὈ

ρ Ὀ
ϽὠὫ Ὅ

ὲ ρϽρ ὲϽὈ ϽὈ

ρ Ὀ ς
Ͻ
ὠὫ

Ὑ
 

D1 ὠ
ὲϽὈ

ρ Ὀ
ϽὠὫ Ὅ

ὲ ρϽρ ὲϽὈ ϽὈ

ρ Ὀ ς
Ͻ
ὠὫ

Ὑ
 

D2 

ὠ ὲϽὠὫ Ὅ
ρ ὲϽὈ

ρ Ὀ
Ͻ
ὠὫ

Ὑ
 

D3 ὠ
ρ ὲϽὈ

ρ Ὀ
ϽὠὫ Ὅ

ρ ὲϽὈ

ρ Ὀ
Ͻ
ὠὫ

Ὑ
 

 

Different step-up converters supplied from the same input voltage, Vg, while providing the 

same output voltage, Vo, to the same load, R, are taken into consideration for a fair comparison. 

The results of this comparative analysis are presented in Table 2.2, [11]. 
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Table 2.2 Comparison between main parameters of different step-up converters. 

 
It can be remarked that the static conversion ratio is higher than that of classical Boost 

converter, even higher than that of the hybrid Boost L converter from [7]. The converter uses a 

lower number of diodes, than the Hybrid Up 3 and less components than the Hybrid Up1 and 

Hybrid Up3. All converters exhibit smooth input current. This feature makes the new converter 

highly suitable for applications requiring high output voltages. 

To design the proposed boost converter, the following specifications are considered, Table 2.3. 

 

Table 2.3 Design specifications. 

Parameter name Value 

Input voltage Vg 30V 

Output voltage Vo 120V 

Output power Po 50W 

Switching frequency fs 50 kHz 

Transformer ratio n 2 

 

Knowing the design specifications, the values of the components were calculated. The 

resulted static conversion ratio is M=Vo/Vg= 4, the duty cycle Ὀ πȢυ and the load resistor 

R=Vo
2/Po=288ɋ. From the calculations LM=L1=122.10 ÕH and L2=n

2ĀLM=488.40 ÕH were 

obtained. The value of the minimum capacitor was Cmin=3.472 ÕF but was chosen the standard 

value of 4.7 ÕF. In the next figures the results of simulation can be seen. Because of the coupled 
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inductors, only half of the triangular shape of the magnetizing current will be seen through the first 

inductor, Figure 2.46, and the other half triangular shape through the second inductor, Figure 2.48. 

 

 

Figure 2.44 PWM signal applied to the gate of the transistor. 

 

 

Figure 2.45 Voltage across L1 coil. 

 

Figure 2.46 Current through inductor L1. 

 

 

Figure 2.47 Voltage across L2 coil. 
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Figure 2.48 Current through inductor L2. 

 

Figure 2.49 Current through the magnetizing inductor LM. 

A practical prototype of the simulated converter was developed to validate its performance 

against theoretical predictions. Minor differences in component values, along with parasitic 

elements, introduce slight deviations from the designed values. The setup includes an NXP 

MOSFET BUK455-200 A as the switch, UF5402 rectifiers for diodes D1, D2, and D3, and inductors 

L1=122.10ɛH and L2=523.60ɛH. Oscilloscope captures in Figure 2.50 and Figure 2.51 show the 

waveforms for transistor voltage, output voltage, and currents/voltages across L1 and L2, closely 

agreeing with simulation, [11]. 
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Figure 2.50 Oscilloscope waveforms: voltage across the transistor, drain to source (dark blue ï Vds); output voltage 

light blue-Vo); voltage across L1 (red- vL1); current through L1 (green- iL1). 

 

Figure 2.51 Oscilloscope waveforms: voltage across the transistor, drain to source (dark blue ï Vds); voltage across 

L2 (red- vL2); current through L2 (green- iL2). 
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The experimental static conversion ratio was measured and compared to the ideal 

theoretical curve and the theoretical curve that takes into account the conduction losses, Figure 

2.52. The efficiency curve against the duty cycle, from Figure 2.53, shows that experimental results 

are slightly below theoretical losses characteristic due to additional ripple-induced losses and 

switching losses. 

 

 

Figure 2.52 The experimental conversion ratio against duty cycle in comparison with the ideal, respectively with 

losses calculated. 

 

Figure 2.53 The experimental efficiency against the duty cycle. 
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Overall, these results confirm the feasibility and usefulness of the proposed topology, 

demonstrating its suitability in step-up high-efficiency applications, [11].  

 

The paper ñA Comparison Between Single-Phase and Two-Phase Hybrid Boost-L 

Converterò, [18], compares single-phase [11] and two-phase hybrid Boost-L converters, focusing 

on their design, operation, and performance differences. The single-phase configuration is 

presented in Figure 2.54, while the two-phase hybrid Boost-L converter in Figure 2.55, which 

employs interleaved switching to achieve better current distribution and reduced filter stress 

compared to its single-phase counterpart. The two-phase design results in lower RMS currents in 

capacitors, reducing component stress and enhancing efficiency. The comparison figures of the 

input and output capacitor currents for single-phase and two-phase configurations, showing the 

reduced current stress and ripple achieved in the two-phase design are presented in Figure 2.56. 

Simulation results confirm that the two-phase converter provides more balanced and less ripple 

output currents, Figure 2.57, highlighting its suitability for high-power applications like PV 

systems.  

 

 

 

 

 

 

 

 

 

Figure 2.54 Single-phase hybrid Boost- L DC-DC converter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.55 Schematic of the interleaved two-phase hybrid Boost- L converter. 
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Figure 2.56 RMS input (left) and output (right) capacitor currents for a one-, two- and three-phase converter. 

 

 

Figure 2.57 Currents at the output of: single-phase converter ï left, and two-phase converter ï right. 

This research that was partial supported by research grants PCD-TC-2017, [42],  

demonstrates how multiphase configurations can significantly improve DC-DC converter 

performance because interleaved switching increases the capacitor currents frequency, which 

significantly reduces the filtering effort as the number of phases increases, [18]. 

 

 

2.1.1.4 Hybrid Buck-L converter with coupled inductors 

 

 From the same switching cell family of the Boost-L converter presented in Figure 2.41, 

[11], in [16] is introduced a new Buck-L converter obtained using the basic converter cell rotation 

concept from [53], resulting in the proposed converter shown in Figure 2.58. 

 

 

 

 

Figure 2.58 The new proposed Hybrid Buck-L converter from [16]. 
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Analysing the converter, it results that in CCM, two topological states are defined by the 

status of the power transistor and diodes. In the first topological state transistor S and diode D1 are 

on, while diodes D2 and D3 are off. In the second topological state transistor S and diode D1 are 

off, while diodes D2 and D3 are on. For the analysis, a simplified schematic is provided in Figure 

2.59. The coupled inductors are modelled by an ideal transformer (IT) with a transformer ratio n, 

and a magnetizing inductor LM, which is equal to L1. 

 

Figure 2.59 Simplified schematic of the proposed Hybrid Buck-L converter. 

In the paper [16], the operating principles, steady-state analysis, and comparisons with 

other converters validate its features and the theoretical assumptions. Simulations in the CASPOC 

program demonstrated excellent agreement with the theoretical considerations. Experimental 

results further confirmed the simulation and theory, making the converter a reliable choice for 

practical applications. A short summary of the paper is presented further. 

 

The static conversion ratio of the converter is:  

                ὓ
Ͻ

Ͻ
            ( 2.24 ) 

The relationship between the conversion ratio and the duty cycle, with n>1 as a parameter, is 

illustrated in Figure 2.60. As shown in Figure 2.60 and derived from equation above, the output 

voltage is lower than the input voltage, confirming the step-down nature of the converter. For the 

same duty cycle, the conversion ratio of the proposed converter exceeds that of a traditional Buck 

converter. Additionally, when the difference between the output voltage Vout and the input voltage 

Vg is small, the proposed converter operates at moderate duty cycles, whereas the classical Buck 

converter requires unusually high duty cycles. 
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Figure 2.60 Static conversion ratio against the duty cycle for the proposed. 

To ensure a fair comparison, various step-down converters are evaluated, all supplied by 

the identical input voltage Vg and providing the same output voltage Vo at the same load R. 

Table 2.4 provides a summary of the findings. The novel converter, which has a reasonable number 

of components, exhibits a switch voltage stress that is comparable to that of the classical, QBC1, 

QBC3, and QBC4 converters, while diode voltage stress is comparable to that of the classical, 

QBC2, and hybrid converters. The switch dc current stress is less than that of QBC1 and QBC2, 

and it is the same to that of the classical, QBC3, QBC4, hybrid, TSQBC, and stacked converters, 

[16]. 
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Table 2.4 Comparison between main parameters of different step-down converters. 

 
To design the proposed step-down converter, the following specifications are considered, Table 

2.5. 

Table 2.5 Design specifications. 

Parameter name Value 

Input voltage Vg 60V 

Output voltage Vo 30V 

Output power Po 20W 

Switching frequency fs 50 kHz 

Transformer ratio n 1.75 

 

Knowing the design specifications, the components values were calculated. The resulted 

static conversion ratio is M=Vo/Vg= 0.5, the duty cycle Ὀ
Ͻ
πȢςφφφ and the load 

resistor R=Vo
2/Po=45ɋ. From the calculations LM=L1=689.23 ÕH and L2=n

2ĀLM=2110.766 ÕH 

were obtained. The practical value used for L2 was 2113.6 ÕH. The value of the minimum capacitor 

was Cmin=31.01 ÕF, but the standard value of 33 ÕF was chosen. The transistor voltage stress is 

VS=60 V, with an average current of IS=0.333 A. The diodes must be selected to handle a reverse 

voltage of VD=60 V and a DC current of ID=0.333 A. In the next figures the results of the 

simulations can be seen. Because of the coupled inductors, only half of the triangular shape of the 

magnetizing current will be seen through the first inductor, Figure 2.61 and the other half triangular 

shape through the second inductor, Figure 2.62, [16]. 
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Figure 2.61 Voltage across L1 (vL1 ï blue trace) and current through it (iL1 ï red trace). 

 

 

 

 

 

 

 

 

 

 
Figure 2.62 Voltage across L2 (vL2 ï blue trace) and current through it (iL2 ï red trace). 

A practical experiment was conducted and presented in [16], to validate the theoretical 

analysis of the proposed converter, using the Infineon Mosfet IPB042N10N3GATMA1 and Vishay 

Ultrafast rectifiers EGP50F-E3/54. Waveforms from oscilloscope were captured and the voltage 

across diode D3 was set as a reference, all showned in Figure 2.63 and Figure 2.64.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.63 Oscilloscope waveforms: voltage across the diode D3, (dark blue); output voltage (cyan-Vo), voltage 

across L1 (red- vL1); current through L1 (green- iL1). 
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Figure 2.64 Oscilloscope waveforms: voltage across the diode D3, (dark blue); output voltage (cyan-Vo), voltage 

across L2 (red- vL2); current through L2 (green- iL2). 

The experimental static conversion ratios, obtained by varying the duty cycle, showed 

slightly lower values compared to the theoretical calculations, as illustrated in Figure 2.65, where 

the experimental curve closely matches the ideal one. Efficiency results, shown in                 Figure 

2.66, demonstrate excellent performance, exceeding 90% for duty cycles DÓ0.2. These results 

confirm the feasibility and high efficiency of the proposed converter topology. 

 

Figure 2.65 The experimental conversion ratio against duty cycle compared to the ideal one. 
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                Figure 2.66 The experimental efficiency against the duty cycle. 

 

 

Conclusion 

The proposed hybrid Buck-L converter is well-suited for applications requiring an output 

voltage slightly lower than the input, as it operates efficiently at moderate duty cycles. It features 

a simple design with one transistor, three diodes, and a magnetic core with two coupled inductors, 

resulting in a second-order system that simplifies loop design using traditional controllers. This 

work was supported by a research grant PCD-TC-2017, [42]. 

 

 

2.1.1.5 Hybrid Buck-L converter with unequal inductors 

 

 Starting from the Up3 hybrid step-up converter [7], five topologies were synthesized, out 

of which three are new, including the proposed converter in [32]. The novel step-down topology 

[32] derived from the hybrid converter [7] is presented in Figure 2.67, consisting of two inductors, 

an output capacitor, and one transistor. The analysis assumes unequal inductors, showing that the 

static conversion ratio remains unaffected. The operation involves three states determined by the 

transistor and diodes conduction, with inductor values influencing diodes behaviour. In the 

peculiar case when L1=L2, the operation involves only two topological states. The simulations and 

the experiments validated the theoretical analysis, with the  key waveforms depicted in Figure 

2.68-Figure 2.71.  
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Figure 2.67 The new proposed hybrid Buck-L converter. 

 

Converter analyses is a little bit difficult. Even to find out the static conversion ratio, a system with 

11 unknowns was solved in MatlabTM [54]. The result is: 

ὓ      ( 2.25 ) 

 

 

Figure 2.68 The waveforms associated to the reactive components - left and semiconductor devices - right 
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Simulation and experimental results 

The converter operates with the following specifications: 

¶ Input voltage: Vg=24V 

¶ Output voltage: Vo=12V 

¶ Output power: Po=20W 

¶ Switching frequency: fs=100kHz 

A design procedure for selecting the reactive elements was implemented using MATLAB [54], 

yielding to inductor L1=280ÕH, inductor L2=140ÕH, capacitor Co=33ÕF, duty cycle D=0.34. 

 
Figure 2.69 Diode D3 ï left, and diode D12 ï right, currents (red) and voltages (blue). 

 

Figure 2.70 Inductor L1 and L2 currents (red) and voltages (blue). 

 

Figure 2.71 Oscilloscope waveforms voltage across D3 (yellow-vD3); voltage across L1 (red-vL1); current through L1 

(green- iL1); output voltage on the left, and voltage across D3 (yellow-vD3) on the right ,voltage across L2 (red-vL2); 

current through L2 (green- iL2); output voltage (light blue -V0). 
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These figures capture the essence of the converter operation, and the experimental results 

for the situation with unequal inductor values demonstrated that inductors imbalance does not 

impact the static conversion ratio ensuring robust performance. 

 

 

2.1.1.6 Hybrid Ĺuk DC-DC converter with coupled inductors 

 

The paper ñA New Hybrid Ĺuk DC-DC Converter with Coupled Inductorsò [22], 

introduces a novel hybrid Ĺuk-type DC-DC converter with coupled inductors, designed for 

applications requiring an output voltage higher than the input voltage. The proposed topology 

achieves an extended static conversion ratio with fewer components than the initial converter from 

[7], and delivers a higher output voltage at the same duty cycles compared to the classical Ĺuk 

converter, while maintaining negative polarity and reduced output current ripple. Two degrees of 

freedom in its design allow for enhanced flexibility and performance optimization. Comprehensive 

DC and AC analyses, along with evaluations of device stresses, demonstrate its advantages over 

traditional converters. Simulation and experimental results validated the theoretical predictions, 

confirming the feasibility of the proposed design in achieving higher conversion efficiency without 

operating at high duty cycles. 

After an introductive section where the state of art of different types of Ĺuk converters and 

their advantages are presented, a description of each section is also documented in [22]. 

The authors started from the topology of the Ĺuk type converter presented in Figure 2.72, 

[7]. The initial step in designing the proposed converter involved coupling the inductors L1 and L2. 

Assuming ideal coupling, and the transformer ratio n being higher than unity, diode D3 is always 

off and therefore it can be removed from the circuit. Due to the coupled inductors, simpler and less 

expensive architecture was achieved with one diode and a magnetic core less, Figure 2.73. 

Figure 2.72 The initial Ĺuk type step-up converter with the switching cell Up3. 

The coupled inductors are modelled using an ideal transformer (IT) combined with a 

magnetizing inductor LM , as shown in Figure 2.74. In this model, the magnetizing inductor LM  is 

assumed to be equal to L1, and all components are considered ideal. 
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Figure 2.73 The novel proposed hybrid Ĺuk-type dc-dc converter with coupled inductors. 

Figure 2.74 Equivalent schematic of the proposed hybrid Ĺuk dc-dc converter with coupled inductors. 

In CCM, the proposed converter operates with two topological states, based on the status 

of the power transistor. The switching frequency fs and period Ts govern the operation, with the 

duty cycle D controlling the pulse width modulation. During the first state, lasting from 0 to DĀTs, 

transistor ὗ and diode D1 ÊÖÕËÜÊÛ, while diodes D2ɯÈÕËɯD4ɯare reverse-biased. In the second state, 

occurring from DĀTs to Ts, diodes D2 and D4ɯɯɯconduct, while transistor Q and diode D1 are off. The 

ideal transformer equations are: 

 Ὥ ὲÖ Ὥ π
       ( 2.26 ) 

Small ripple assumptions consider capacitor voltages and inductor currents to be constant, hence 

equal to their DC values. Analysing the converter, it results that the static conversion ratio is: 

ὓ ρ ὲÖ ὈÖ       ( 2.27 ) 

The duty cycle can be expressed as a function of the static conversion ratio: 

Ὀ      ( 2.28 ) 

Examining Equation (2.27), it is observed that the static conversion ratio exceeds unity 

when the duty cycle is higher than  
Ѝ

. For n = 2 and n = 3, this threshold duty cycle is 0.365 

and 0.33, respectively, indicating that the proposed converter allows for both step-up and step-
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down conversions. Notably, the step-up region begins at a significantly lower duty cycle compared 

to the Buck-Boost and Ĺuk converters, with the proposed design starting at approximately 0.33 

instead of 0.5. As the value of n increases, the duty cycle defining the step-up region decreases. 

Consequently, the step-up region of the proposed converter is broader compared to the Buck-Boost 

and Ĺuk converters. The relationship between static conversion ratios and duty cycles for the 

classical Ĺuk and the proposed topology, at various transformer ratios, is presented in Figure 2.75. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.75 Static conversion ratio against duty cycle for the proposed converter (for n = 1.3, 2.2 and 3.4) and for 

the classical Ĺuk converter. 

Figure 2.76 and Figure 2.77, illustrate the steady-state waveforms for the reactive components and 

semiconductor devices. The switching function q(t) associated to the transistor is used as a 

reference, defined as: 

 

ήὸ
ρȟὗ ὕὔ
 πȟὗ ὕὊὊ

     ( 2.29 ) 
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Figure 2.76 Main waveforms associated to the magnetizing inductor LM and the inductor L3 - left, and to the internal 

capacitor C and output capacitor Co ï right. 
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Figure 2.77 Main semiconductor waveforms. 

For CCM operation, the diodes must remain on during their corresponding topological 

states, requiring their currents to stay positive. Since the currents through D1 and D2 are equal to 

iLM,, the CCM condition mandates that the minimum magnetizing current, Ὅ Ὅ Ͻ

ЎὍ , must be positive. The final condition is: 

Ö Ö 

Ö Ö Ö 
      ( 2.30 ) 

The CCM condition for diode D4 is based on the current sum Ὥ that flows through it. Since 

iLM and iL3 share the same monotonicity, the CCM condition is inherently met when 

Ö Ö 

Ͻ
      ( 2.31 ) 

where, the equivalent inductor is: 
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ὒ ὒÖ ρ ὲÖ Ὀ ȿȿ       ( 2.32 ) 

 

Comparison to similar converter topologies 

Table 2.6 compares the proposed hybrid Ĺuk DC-DC converter with the classical Buck-

Boost, classical Ĺuk, and a hybrid Ĺuk converter from prior research, assuming identical input 

voltage Vg, output voltage Vo, and load R. Key parameters compared include the number of 

components, system order, static conversion ratio M, duty cycle D, and semiconductor stresses.  

 

Table 2.6 Comparison between main parameters of different step-up/down converters. 

Parameter 

Type of Converter 

Classical 

Buck-Boost 

[55]  

Classical Ĺuk 

[56] 
Hybrid Ĺuk [15] 

Proposed Hybrid Ĺuk  

 

Switches 1 1 1 1 

Diodes 1 1 3 3 

Total no. of 

components 
4 6 8 8 

System order 2 4 4 4 

Static 

conversion 

ratio-M 

Ὀ

ρ Ὀ
 

Ὀ

ρ Ὀ
 

ὈÖ ὲ Ὀ

ὲÖ ρ Ὀ
 

ὈÖ ρ ὲÖ Ὀ

ρ Ὀ
 

Duty cycle-D 
ὓ

ρ ὓ
 

ὓ

ρ ὓ
 

ὃ ὲϽρ ὓ

ς
 

ὄ ρ ὓ

ςὲ
 

Switch 

current stress 
ὓ Ö 
ὠ

Ὑ
 ὓÖ ρ ὓ Ö 

ὠ

Ὑ
 ὓ Ö 

ὠ

Ὑ
 ὓ Ö 

ὠ

Ὑ
 

Switch 

voltage stress 
ρ ὓ Ͻὠ ρ ὓÖὠ 

ςÖ ὓÖ ὠ

ὲ ὲÖ ὓ ὃ
 

ςὲὓÖ ὠ

ρ ὓ ὄ
 

Maximum 

diode dc 

current stress 
ὓ Ö 
ὠ

Ὑ
 ὓÖ ρ ὓ Ö 

ὠ

Ὑ
 ὓÖ 

ὠ

Ὑ
 ὓÖ 

ὠ

Ὑ
 

Maximum 

diode voltage 

stress 

ρ ὓ Ͻὠ ρ ὓ Ö ὠ 
ςÖ ὓÖ ὠ

ὲ ὲÖ ὓ ὃ
 

ςὲὓÖ ὠ

ρ ὓ ὄ
 

where, ὃ ὲ ρ ὓ τÎ-, ὄ ρ ὓ τὲὓ 

Unlike the classical Ĺuk, the proposed converter includes two additional diodes but 

achieves lower current stresses through the transistors and diodes, while maintaining the same 

system order. As shown in Figure 2.75, the proposed topology achieves a higher static conversion 

ratio at the same duty cycle, making it more suitable for step-up applications requiring significant 

input-to-output voltage differences. 
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Design example 

The design objective is to develop a hybrid Ĺuk converter based on the following 

specifications: 

¶ Input voltage: Vg= 24-36V 

¶ Output voltage: Vo=120V 

¶ Output power: Po=30-50W 

¶ Switching frequency: fs=100 kHz 

Knowing the design specifications, the components value were calculated, using the 

equations presented in [22]. 

 The minimum and maximum values of the static conversion ratio are M=3.33 - 5. With 

Dmin=0.6, corresponding to the minimum static conversion ratio, the required turns ratio results in 

n=2.03. The maximum duty cycle, that corresponds to maximum static conversion ratio is 

Dmax=0.68. The maximum and minimum load resistances are determined by the minimum and 

maximum output power, respectively and the values are Rmin=288ɋ and Rmax=480ɋ. The minimum 

magnetizing inductor value (LMmin) was calculated as 492.9 ÕH under worst-case conditions 

(maximum load resistance and input voltage), with L1=LM=492.9ɛH and L2min=n
2ẗLMmin=2.03 mH. 

 For the practical implementation, LM=773.38ɛH was used. The minimum inductor L3min 

was found to be 3.1 mH, and a practical value of L3=3.45 mH was selected. The internal capacitor 

was designed to limit the voltage ripple to 5%, resulting in a standard value of 33 ÕF, while the 

output capacitor, with a 10% voltage ripple limit, was chosen as 3.3 ÕF. The transistor voltage 

stress was calculated as VQ=210 V, with an average current of IQ=1.5 A. Diode stresses showed a 

maximum voltage of VD=210 V and a maximum DC current of ID=1.2A. 

 

Simulations and experimental results 

To validate the theoretical analysis of the ideal hybrid Ĺuk converter, simulations were 

conducted using the Caspoc tool, [50]. The parameters matched the practical prototype 

specifications: Vg = 35 V, L1 = 773.38 ɛH, L2 = 2.39 mH, L3 = 3.45 mH, C = 33 ÕF, C0 = 3.3 ÕF,   

R = 360 Ý, fs = 100 kHz.  A slight adjustment to the transformer ratio yielded n=1.758, leading to 

a calculated duty cycle of D=0.621. The simulations confirmed a DC output voltage VO, consistent 

with theoretical expectations, as depicted in Figure 2.78. 
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Figure 2.78 Caspoc simulation. Output dc voltage. 

 The implemented prototype employs the parameters outlined in the design example. The 

setup included a fixed input voltage, Vg = 35 V, a switching frequency fs = 100 kHz, and load R = 

360 Ý. The chosen transistor was Infineon MOSFET STW37N60DM2AG and diodes D1,2,4, 

RFN10NS6SFH. In all the recorded waveforms, the oscilloscope reference signal was set to the 

drain-to-source voltage of transistor Q. For a duty cycle of D = 0.2, the operation was in DCM for 

diodes D1 and D2, as verified by Equation (2.30) and shown in Figure 2.79. At D = 0.66, Figure 

2.80 and Figure 2.81 enface the expected rectangular inductor voltage waveforms and triangular 

inductor current waveforms, consistent with both theoretical and simulated results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.79 Oscilloscope waveforms: drain-to-source voltage (dark blue- vDS); gate-to-source voltage (purple- vGS); 

current through L2 at the duty cycle D = 0.2. 
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Figure 2.80 Oscilloscope waveforms: drain-to-source voltage (dark blue- vDS); voltage across the primary (red- vL1); 

the primary current L1 (green- iL1) ï left and drain-to-source voltage (dark blue-vDS); voltage across the secondary L2 

(red-vL2); secondary current (green-iL2) - right. Duty cycle D = 0.66. 

Figure 2.81 Oscilloscope waveforms: drain-to-source voltage (dark blue-vDS); voltage across L3 (red-vL3); output 

voltage (light blue-VO) and current through L3 (green-iL3) ï left; and drain-to-source voltage (dark blue-vDS); gate-to-

source voltage (purple); output voltage (light blue-VO), current through L3 (green-iL3) - right. Duty cycle D = 0.66. 

The static conversion ratio of the prototype was evaluated by varying the duty cycle D and 

measuring the output voltage Vo. Figure 2.82 ï left, shows the comparison of the ideal, theoretical 

(with conduction losses), and measured conversion ratios, with close match up to D=0.6 and 

deviation at higher duty cycles, typical to step-up converters. Figure 2.82 ï right, highlights the 

theoretical conversion ratios peak value and subsequent decline at very high duty cycles due to the 

finite maximum attainable ratio. Figure 2.83 illustrates the efficiency dependence on output power 

at a constant Vo=120 V. 

 

 

 

 

 

 




































































































































































































































