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ABSTRACT 

The work presented in this thesis mainly addresses the design and analysis of new dc-dc 

boost converter topologies which provide higher voltage gain at lower duty ratio. The 

traditional Z-source and quasi-Z-source dc-dc converter topologies exhibit voltage gain of 

1/(1-2D) which is low. In an attempt to increase the voltage gain, firstly two new high gain 

topologies are evolved in this thesis. The basis for these evolutions is the quasi-Z-source dc-

dc converter. The first topology is switched-inductor switched-capacitor based quasi-Z-

source dc-dc converter (SLSCQZSC) which is evolved by replacing the inductors of the 

quasi-Z-source dc-dc converter with switched-inductor cells. While the second topology 

formulated is L-C-L cell based Z-source dc-dc converter (LCLZSC) which is obtained after 

replacing the inductor of the traditional Z-source dc-dc converter with an L-C-L cell. Both 

these topologies exhibit high voltage gain due to the term 1/(1-3D). Detailed steady-state and 

small-signal analysis is established for both these topologies and illustrative simulation and 

experimental results are presented to validate the topological features.    

The above introduced two topologies (i.e. SLSCQZSC and LCLZSC) though exhibit high 

voltage gain but use more number of components. Additionally, the source current is 

discontinuous in nature. To alleviate the problem of discontinuous input current and to also 

minimize the number of components, two more topologies are formulated on the basis of 

quasi-Z-source dc-dc converter with embedded switched-capacitor cell.  These are quasi-Z-

network plus switched-capacitor dc-dc boost converter (ZSCBC) and L-C-L cell based quasi-

Z-network dc-dc boost converter (LCLQZSC). The maximum voltage gain achieved with 

these topologies is (3-3D)/(1-3D). Detailed steady-state and small-signal analysis is 

established. Parameter selection for simulations and prototype development, the design 

expressions are formulated for inductors and capacitors. To validate the analytical findings, 

experimental results are presented. Exhaustive investigation revealed that these topologies are 



vi 
 

better than the traditional Z-source dc-dc converter topologies as they exhibit low stress on 

the devices in addition to having the feature of common ground between the source and load.   

The ZSCBC and LCLQZSC topologies draw pulsating input current and thus exhibit 

higher source current ripple. With the motivation to reduce this source current ripple and yet 

to realize high voltage gain, four quasi-Z-source equivalent dc-dc converters are evolved. The 

basis for all these topologies is the fourth-order quasi-z-source equivalent dc-dc boost 

converter (FOEBC) which essentially ensures low source current ripple. To enhance the 

voltage gain, a switched-capacitor cell is integrated on the up-stream side. Detailed steady-

state and small-signal analysis is established and sample experimental results are presented.  

The comparison of proposed converters is also presented to highlight their merits and de-

merits. Detailed investigation revealed that these quasi-Z-source equivalent dc-dc converter 

topologies exhibit the following features: (i) low voltage stress on the devices to improve the 

reliability, (ii) fewer number of components to increase the efficiency and (iii) continuous 

input current to reduce source current ripple leading to lower electro-magnetic interference 

problems.  
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साराांश 

इस थीससस में प्रसु्तत कार्य मुख्य रूप से नए डीसी-डीसी बूस्ट कन्वर्यर र्ोपोलॉजी के सडजाइन और 

सिशे्लषण को संबोसित करते हैं जो कम शुल्क अनुपात पर उच्च िोले्टज लाभ प्रदान करते हैं। पारंपररक 

जेड-स्रोत और अिय-जेड-स्रोत डीसी-डीसी कनिर्यर र्ोपोलॉजी 1/(1-2 डी) के िोले्टज लाभ को प्रदसशयत 

करते हैं जो कम है। िोले्टज लाभ को बढाने के प्रर्ास में, इस थीससस में सबसे पहले दो नए उच्च लाभ 

र्ोपोलॉजी सिकससत सकए गए हैं। इन सिकासो ंका आिार अिय-जेड-स्रोत डीसी-डीसी कनिर्यर है। 

पहला र्ोपोलॉजी स्विच्ड-इंडक्टर स्विच्ड-कैपेससर्र आिाररत कै्वसी-जेड-सोसय डीसी-डीसी कन्वर्यर 

(एसएलएससीकू्यजेडएससी) है जो स्विच्ड-इंडक्टर सेल के साथ अिय-जेड-सोसय डीसी-डीसी कनिर्यर के 

इंडक्टसय को बदलकर सिकससत सकर्ा गर्ा है। जबसक दूसरी र्ोपोलॉजी तैर्ार की गई एल-सी-एल सेल 

आिाररत जेड-सोसय डीसी-डीसी कनिर्यर (एलसीएलजेडएससी) है जो पारंपररक जेड-सोसय डीसी-डीसी 

कनिर्यर के इंडक्टर को एल-सी-एल सेल के साथ बदलने के बाद प्राप्त की जाती है। रे् दोनो ंर्ोपोलॉजी 

1/(1-3D) शब्द के कारण उच्च िोले्टज लाभ प्रदसशयत करते हैं। इन दोनो ंर्ोपोलॉजी के सलए सिसृ्तत 

स्वथथर-अिथथा और लघु-संकेत सिशे्लषण थथासपत सकर्ा गर्ा है और र्ोपोलॉसजकल सिशेषताओ ंको 

मान्य करने के सलए उदाहरण ससमुलेशन और प्रर्ोगात्मक पररणाम प्रसु्तत सकए गए हैं। 

ऊपर सदए गए दो र्ोपोलॉजी (र्ानी एसएलएससीकू्यजेडएससी और एलसीएलजेडएससी) पेश सकए 

गए हैं, हालांसक उच्च िोले्टज लाभ प्रदसशयत करते हैं लेसकन असिक संख्या में घर्को ंका उपर्ोग करते 

हैं। इसके असतररक्त, स्रोत िारा प्रकृसत में असंतत है। असंतत इनपुर् करंर् की समस्या को कम करने 

के सलए और घर्को ंकी संख्या को कम करने के सलए, एमे्बडेड स्विच-कैपेससर्र सेल के साथ अिय-जेड-

स्रोत डीसी-डीसी कनिर्यर के आिार पर दो और र्ोपोलॉजी तैर्ार की जाती हैं। रे् अिय-जेड-नेर्िकय  

प्लस स्विच्ड-कैपेससर्र डीसी-डीसी बूस्ट कन्वर्यर (जेडएससीबीसी) और एल-सी-एल सेल आिाररत 

अिय-जेड-नेर्िकय  डीसी-डीसी बूस्ट कन्वर्यर (एलसीएलकू्यजेडएससी) हैं। इन र्ोपोलॉजी के साथ प्राप्त 

असिकतम िोले्टज लाभ (3-3D)/(1-3D) है। सिसृ्तत स्वथथर-अिथथा और लघु-संकेत सिशे्लषण थथासपत 
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सकर्ा गर्ा है। ससमुलेशन और प्रोर्ोर्ाइप सिकास के सलए पैरामीर्र चर्न, इंडक्टसय और कैपेससर्र के 

सलए सडजाइन असभव्यस्वक्त तैर्ार की जाती है। सिशे्लषणात्मक सनष्कषों को मान्य करने के सलए, 

प्रर्ोगात्मक पररणाम प्रसु्तत सकए जाते हैं। व्यापक जांच से पता चला है सक रे् र्ोपोलॉजी पारंपररक जेड-

सोसय डीसी-डीसी कनिर्यर र्ोपोलॉजी से बेहतर हैं क्योसंक िे स्रोत और लोड के बीच सामान्य जमीन की 

सुसििा के अलािा उपकरणो ंपर कम तनाि प्रदसशयत करते हैं। 

जेडएससीबीसी और एलसीएलकू्यजेडएससी र्ोपोलॉजी सं्पदनशील इनपुर् करंर् खीचंते हैं और इस 

प्रकार उच्च स्रोत करंर् ररपल प्रदसशयत करते हैं। इस स्रोत के ितयमान तरंग को कम करने और अभी 

तक उच्च िोले्टज लाभ का एहसास करने की पे्ररणा के साथ, चार अिय-जेड-स्रोत समकक्ष डीसी-डीसी 

कन्वर्यसय सिकससत सकए गए हैं। इन सभी र्ोपोलॉजी का आिार चौथे क्रम का अिय-जेड-स्रोत समकक्ष 

डीसी-डीसी बूस्ट कनिर्यर (एफओईबीसी) है जो असनिार्य रूप से कम स्रोत ितयमान तरंग सुसनसित 

करता है। िोले्टज लाभ को बढाने के सलए, एक स्विच-कैपेससर्र सेल को अप-स्टर ीम साइड पर एकीकृत 

सकर्ा जाता है। सिसृ्तत स्वथथर-अिथथा और लघु-संकेत सिशे्लषण थथासपत सकर्ा गर्ा है और नमूना 

प्रर्ोगात्मक पररणाम प्रसु्तत सकए गए हैं। प्रस्तासित कन्वर्यसय की तुलना उनकी खूसबर्ो ंऔर कसमर्ो ंको 

उजागर करने के सलए भी प्रसु्तत की जाती है। सिसृ्तत जांच से पता चला सक रे् अिय-जेड-स्रोत समकक्ष 

डीसी-डीसी कनिर्यर र्ोपोलॉजी सनम्नसलस्वखत सिशेषताएं प्रदसशयत करते हैं: (i) सिश्वसनीर्ता में सुिार के 

सलए उपकरणो ंपर कम िोले्टज तनाि, (ii) दक्षता बढाने के सलए घर्को ंकी कम संख्या और (iii) सोसय 

करंर् ररपल को कम करने के सलए सनरंतर इनपुर् करंर् सजससे इलेक्टर ो-मैगे्नसर्क इंर्रफेरेंस की समस्या 

कम होती है। 

 

 



ix 
 

Contents 

CERTIFICATE               i 

ACKNOWLEDGEMENTS            iii 

ABSTRACT               v 

LIST OF FIGURES           xiii 

LIST OF TABLES           xxi 

LIST OF ABBREVIATIONS                   xxiii 

LIST OF SYMBOLS          xxv    

CHAPTER – 1.  INTRODUCTION 1 

1.1 Introduction 1 

1.2 Research Motivation 6 

1.3 Objectives and Contributions 6 

1.4 Structure of the Thesis 8 

CHAPTER – 2. SWITHCED-INDUCTOR SWITCHED-CAPACITOR BASED 

IMPEDANCE SOURCE EQUIVALENT DC-DC BOOST CONVERTERS 11 

2.1 Introduction to Impedance Source DC-DC Boost Converters 11 

2.2 Switched-Inductor Quasi-Z-network based DC-DC Converter with Switched-Capacitor

 12 

2.2.1 Steady-State Analysis of SLSCQZSC 14 

2.2.2 Small-Signal Analysis of SLSCQZSC 19 

2.2.3 Results and Discussions 28 

2.3 Z-network Plus L-C-L Cell based DC-DC Converter 31 

2.3.1 Steady-State Analysis of LCLZSC 32 

2.3.2 Small-Signal Analysis of LCLZSC 36 



x 
 

2.3.3 Results and Discussions 45 

2.4 Conclusion 48 

CHAPTER – 3. SWITCHED-CAPACITOR BASED QUASI-Z-SOURCE EQUIVALENT 

DC-DC BOOST CONVERTERS 49 

3.1 Introduction 49 

3.2 Sixth-Order Quasi-Z-Source DC-DC Converter 49 

3.2.1 Steady-State Analysis of SOQZSC 51 

3.3 Quasi-Z-network Plus Switched-Capacitor DC-DC Boost Converter 53 

3.3.1 Steady-State Analysis of ZSCBC 54 

3.3.2 Small-signal Analysis of ZSCBC 59 

3.3.3 Results and Discussions 69 

3.4 Quasi-Z-network and L-C-L Cell based DC-DC Boost Converter 78 

3.4.1 Steady-state Analysis of LCLQZSC 79 

3.4.2 Small-signal Analysis of LCLQZSC 84 

3.4.3 Results and Discussions 91 

3.5 Conclusion 92 

CHAPTER – 4. L-C-D CELL BASED LOW SOURCE CURRENT RIPPLE QUASI-Z-

SOURCE EQUIVALENT DC-DC BOOST CONVERTERS 93 

4.1 Introduction 93 

4.2 Fourth-Order Quasi-Z-Source Equivalent DC-DC Boost Converter 93 

4.2.1 Steady-state Analysis of FOEBC 95 

4.2.2 Small-signal Analysis of FOEBC 98 

4.2.3 Results and Discussions 105 

4.3 Switched-Capacitor Quasi-Z-Source Equivalent DC-DC Boost Converters 111 

4.3.1 Steady-state Analysis of SCZEBCs 113 



xi 
 

4.3.1.1 Steady-state Analysis of SCZEBC Type-1 113 

4.3.1.2 Steady-state Analysis of SCZEBC Type-2 117 

4.3.1.3 Steady-state Analysis of SCZEBC Type-3 121 

4.3.2 Small-signal Analysis of SCZEBCs 126 

4.3.2.1 Small-signal Analysis of SCZEBC Type-1 126 

4.3.2.2 Small-signal Analysis of SCZEBC Type-2 131 

4.3.2.3  Small-signal Analysis of SCZEBC Type-3 136 

4.3.3 Comparison of SCZEBCs 146 

4.3.4 Results and Discussions 149 

4.4 L-C-L Cell based Quasi-Z-Source Equivalent DC-DC Boost Converter 162 

4.4.1 Steady-state Analysis of LCLQEBC 163 

4.4.2 Small-signal Analysis of LCLQEBC 167 

4.4.3 Results and Discussions 174 

4.5 Comparison of Proposed Converters 177 

4.5.1 Low Duty Ratio Range Converters 178 

4.5.2 High Duty Ratio Range Converters 180 

4.6 Conclusion 187 

CHAPTER – 5. CONCLUSION AND FUTURE SCOPE OF WORK 189 

5.1 Conclusion 189 

5.2 Future Scope of Work 190 

Publications from Thesis 193 

REFERENCES 195 

Annexure 201 

Bio-Data 207 



xiii 
 

LIST OF FIGURES 

 

Figure 1.1. Z-source Inverter [7]. 1 

Figure 1.2. Quasi-Z-source inverter with continuous input current [8]. 2 

Figure 1.3. Quasi-Z-source inverter with discontinuous input current [8]. 2 

Figure 1.4. Traditional impedance Networks 3 

Figure 2.1. Traditional boost converter [1]. 11 

Figure 2.2. Z-source dc-dc boost converter [7], [17]. 12 

Figure 2.3. Topological evolution of SLSCQZSC. 14 

Figure 2.4. Mode-1 equivalent circuit of SLSCQZSC. 15 

Figure 2.5. Mode-2 equivalent circuit of SLSCQZSC. 15 

Figure 2.6. Key waveforms of SLSCQZSC. 16 

Figure 2.7. Mode-1 equivalent circuit including non-idealities. 20 

Figure 2.8. Mode-2 equivalent circuit including non-idealities. 22 

Figure 2.9. Bode plot of control-to-output transfer function. 27 

Figure 2.10. Inductor and source current, switch and load voltage. 29 

Figure 2.11. Capacitor voltage and output current. 30 

Figure 2.12. Topological evolution of LCLZSC. 32 

Figure 2.13. Mode-1 equivalent circuit of LCLZSC. 33 

Figure 2.14. Mode-2 equivalent circuit of LCLZSC. 33 



xiv 
 

Figure 2.15. Mode-1 equivalent circuit including non-idealities. 37 

Figure 2.16. Mode-2 equivalent circuit including non-idealities. 39 

Figure 2.17. Bode plot of control-to-output transfer function. 43 

Figure 2.18. Block diagram of the closed-loop controlled system. 43 

Figure 2.19. Frequency response plot of controller and loopgain transfer functions. 44 

Figure 2.20. Inductor currents and load voltage at D = 0.2. 46 

Figure 2.21.Voltage across capacitors at D = 0.2. 46 

Figure 2.22. Load voltage regulation against source voltage variation of 42 to 48 V. 47 

Figure 2.23. Load voltage regulation against sudden load variation of 900 to 500 Ω. 47 

Figure 3.1. Topological evolution of SOQZSC. 51 

Figure 3.2. Mode-1 equivalent circuit of SOQZSC. 52 

Figure 3.3. Mode-2 equivalent circuit of SOQZSC. 52 

Figure 3.4. Circuit diagram of ZSCBC. 54 

Figure 3.5. Mode-1 equivalent circuit of ZSCBC. 54 

Figure 3.6. Mode-2 equivalent circuit of ZSCBC. 55 

Figure 3.7. Key steady-state waveforms of ZSCBC. 56 

Figure 3.8. Mode-1 equivalent circuit with non-idealities. 59 

Figure 3.9. Mode-2 equivalent circuit with non-idealities. 62 

Figure 3.10. Block diagram of the closed-loop controlled system. 65 

Figure 3.11. Gvd: Control-to-output transfer function model verification. 67 



xv 
 

Figure 3.12. Frequency response plot of controller and loopgain transfer functions. 68 

Figure 3.13. Experimental setup of ZSCBC. 70 

Figure 3.14. Measured voltage gain. 71 

Figure 3.15. Computed ideal and measured voltage gains. 71 

Figure 3.16. Efficiency -vs- output power (Theoretical). 71 

Figure 3.17. Efficiency -vs- output power (Experimental). 72 

Figure 3.18. Inductor L1 current and capacitor voltage waveforms. 73 

Figure 3.19. Switch 'S' and load voltage waveforms. 74 

Figure 3.20. Diode D1, D5 voltage waveforms. 75 

Figure 3.21. Measured dynamic response with variation in source voltage. 76 

Figure 3.22. Dynamic response of the load voltage against sudden variation in load. 77 

Figure 3.23. Dynamic response of load voltage against reference variation (Vg: 48 V, 484 Ω).

 77 

Figure 3.24. Measured dynamic response of load voltage against ramp variation in source. 77 

Figure 3.25. Measured dynamic response against sinusoidal variation in source. 78 

Figure 3.26. Measured dynamic response against periodic square wave pulses. 78 

Figure 3.27. Circuit diagram of LCLQZSC. 79 

Figure 3.28. Mode-1 equivalent circuit of LCLQZSC. 80 

Figure 3.29. Mode-2 equivalent circuit of LCLQZSC. 80 

Figure 3.30. Mode-1 equivalent circuit with non-idealities. 84 



xvi 
 

Figure 3.31. Mode-2 equivalent circuit with non-idealities. 87 

Figure 3.32. Bode plot of control-to-output transfer function. 89 

Figure 3.33. Inductor currents and load voltage at D = 0.2. 91 

Figure 3.34. Voltage across capacitors (C1-C4) at D = 0.2. 92 

Figure 4.1. Topological evolution of FOEBC. 94 

Figure 4.2. Mode-1 equivalent circuit of FOEBC. 95 

Figure 4.3. Mode-2 equivalent circuit of FOEBC. 96 

Figure 4.4. Mode-1 equivalent circuit with non-idealities. 98 

Figure 4.5. Mode-2 equivalent circuit with non-idealities. 100 

Figure 4.6. Closed-loop controlled FOEBC. 103 

Figure 4.7. Frequency response plot of Gvd transfer function. 104 

Figure 4.8. Pole-zero maps. 105 

Figure 4.9. Frequency response plot of Gc and loopgain transfer functions. 105 

Figure 4.10. Measured voltage gain of FOEBC. 106 

Figure 4.11. Measured efficiency of FOEBC. 106 

Figure 4.12. Source voltage, inductor current, load current and voltage. 107 

Figure 4.13. Source variation from 42 to 48 V at 200 Ω. 109 

Figure 4.14. Sudden load variation from 600 to 200 Ω at 42 V input. 110 

Figure 4.15. Start-up response of FOEBC. 111 

Figure 4.16. Circuit diagrams of proposed SCZEBCs. 112 



xvii 
 

Figure 4.17. Mode-1 equivalent circuit of SCZEBC Type-1. 113 

Figure 4.18. Mode-2 equivalent circuit of SCZEBC Type-1. 114 

Figure 4.19. Key steady-state waveforms of SCZEBC Type-1. 114 

Figure 4.20. Mode-1 equivalent circuit of SCZEBC Type-2. 118 

Figure 4.21. Mode-2 equivalent circuit of SCZEBC Type-2. 118 

Figure 4.22. Key steady-state waveforms of SCZEBC Type-2. 119 

Figure 4.23. Mode-1 equivalent circuit of SCZEBC Type-3. 121 

Figure 4.24. Mode-2 equivalent circuit of SCZEBC Type-3. 122 

Figure 4.25. Key steady-state waveforms of SCZEBC Type-3. 123 

Figure 4.26. Mode-1 equivalent circuit of SCZEBC Type-1 with non-idealities. 127 

Figure 4.27. Mode-2 equivalent circuit of SCZEBC Type-1 with non-idealities. 129 

Figure 4.28. Mode-1 equivalent circuit of SCZEBC Type-2 with non-idealities. 131 

Figure 4.29. Mode-2 equivalent circuit of SCZEBC Type-2 with non-idealities. 133 

Figure 4.30. Mode-1 equivalent circuit of SCZEBC Type-3 with non-idealities. 136 

Figure 4.31. Mode-2 equivalent circuit of SCZEBC Type-3 with non-idealities. 138 

Figure 4.32. Frequency response plots of Gvd(s) (Type-1, 2 and 3). 142 

Figure 4.33. Pole-zero plots of Gvd(s) (Type-1, 2 and 3). 142 

Figure 4.34.  Enlarged form of Figure 4.34. 143 

Figure 4.35. Loopgain plot of SCZEBC Type-2. 145 

Figure 4.36. Pole-zero plot of closed-loop system transfer function-T2 (Type-2). 145 



xviii 
 

Figure 4.37. Enlarged form of Figure 4.37. 145 

Figure 4.38. Losses distribution in SCZEBC Type-1. 148 

Figure 4.39. Losses distribution in SCZEBC Type-3. 149 

Figure 4.40. Measured voltage gain at different loading conditions (R: 500, 700 and 1000 Ω).

 150 

Figure 4.41. Efficiency plot for SCZEBC. 151 

Figure 4.42. Losses distribution in SCZEBC Type-2. 151 

Figure 4.43. Source voltage and current, load voltage and current (SCZEBC Type-2). 153 

Figure 4.44. Source current, capacitors C1, C2, and C3 voltage (SCZEBC Type-2). 154 

Figure 4.45. Source current, load current, switch and diode D1 voltage (SCZEBC Type-2). 155 

Figure 4.46. Source voltage and current, load voltage and current (SCZEBC Type-3). 156 

Figure 4.47. Source current, capacitors C1, C2, and C3 voltage (SCZEBC Type-3). 157 

Figure 4.48. Source current, load current, switch, and diode D1 voltage (SCZEBC Type-3).

 158 

Figure 4.49. Measured dynamic response against step increase in supply voltage (Type-2).

 159 

Figure 4.50. Measured dynamic response against step decrease in supply voltage (Type-2).

 159 

Figure 4.51. Measured dynamic response against step increase in load (Type-2). 160 

Figure 4.52. Measured dynamic response against change in reference load voltage (Type-2).

 161 



xix 
 

Figure 4.53. Measured dynamic response against periodic square wave disturbances. 161 

Figure 4.54. Measured dynamic response against ramp variation in supply voltage. 161 

Figure 4.55. Measured dynamic response against sinusoidal variation in supply voltage. 162 

Figure 4.56. Circuit diagram of LCLQEBC. 163 

Figure 4.57. Mode-1 equivalent circuit of LCLQEBC. 163 

Figure 4.58. Mode-2 equivalent circuit of LCLQEBC. 164 

Figure 4.59. Mode-1 equivalent circuit of LCLQEBC with non-idealities. 167 

Figure 4.60. Mode-2 equivalent circuit of LCLQEBC with non-idealities. 170 

Figure 4.61. Bode plot of control-to-output transfer function of LCLQEBC. 172 

Figure 4.62. Inductor currents and load voltage at D = 0.2. 175 

Figure 4.63. Voltage across capacitors at D = 0.2. 176 

Figure 4.64. Load voltage regulation against source voltage variation of 42 to 48 V. 176 

Figure 4.65. Load voltage regulation against sudden load variation of 900 to 500 Ω. 177 

Figure 4.66. Voltage gain comparison. 181 

Figure 4.67. Normalized device voltage stress. 182 

Figure 4.68. Efficiency comparison. 184 

Figure 4.69. Normalized capacitor voltage stress. 185 

Figure 4.70. Normalized inductor current stress. 186 

Figure 4.71. Normalized source current ripple. 187 

 



xxi 
 

LIST OF TABLES 

 

Table 2.1. SLSCQZSC state-space model matrices 26 

Table 2.2. Coefficients of state-space model matrices 27 

Table 2.3. SLSCQZSC parameters 28 

Table 2.4. LCLZSC state-space model matrices 42 

Table 2.5. LCLZSC parameters 43 

Table 3.1. Voltage gain relationships for 2, 3 and N-Stage ZSCBC structures 59 

Table 3.2. ZSCBC state-space model matrices 66 

Table 3.3. Coefficients of state-space model matrices 67 

Table 3.4. System specifications of ZSCBC 67 

Table 3.5. Transfer functions coefficients 68 

Table 3.6. LCLQZSC state-space model matrices 90 

Table 4.1. FOEBC state-space model matrices 101 

Table 4.2. SCZEBC type-1 state-space model matrices 130 

Table 4.3. SCZEBC type-2 state-space model matrices 135 

Table 4.4. SCZEBC Type-3 State-Space Model Matrices 140 

Table 4.5. Coefficients of state-space model matrices for SCZEBC type-3 141 

Table 4.6.  Plant transfer functions’ coefficients 142 

Table 4.7. Stress comparison of SCZEBCs 147 

Table 4.8. LCLQEBC state-space model matrices 173 

Table 4.9. Coefficients of LCLQEBC state-space model matrices 174 

Table 4.10. Comparison of low duty ratio range converters 178 

Table 4.11. Comparison of high duty ratio range converters 180 

 



xxiii 
 

LIST OF ABBREVIATIONS 

 

PV   Photovoltaic 

BDC   Basic Boost DC-DC Converter 

ZSI Z-source Inverter 

QZSI Quasi-Z-source Inverter 

QZN   Quasi-Z-network  

SL Switched-inductor  

ZSC   Z-source DC-DC Converter  

CCM   Continuous Conduction Mode  

QZSC Quasi-Z-source DC-DC Converter 

DCM Discontinuous Conduction Mode 

SC   Switched-capacitor 

SLSCQZSC   
Switched-inductor Switched-capacitor based Quasi-Z-source DC-

DC Converter 

LCLZSC   Z-network plus L-C-L cell based DC-DC Converter 

ZSCBC Quasi-Z-network plus Switched-capacitor DC-DC Boost Converter 

LCLQZSC L-C-L cell based Quasi-Z-network DC-DC Boost Converter 

FOEBC Fourth-order Quasi-Z-source Equivalent DC-DC Boost Converter 

SCZEBC 
Switched-capacitor Quasi-Z-source Equivalent DC-DC Boost 

Converter 

LCLQEBC 
L-C-L cell based Quasi-Z-source Equivalent DC-DC Boost 

Converter 

KVL Kirchoff’s Voltage Law 

D   Duty Ratio 



xxiv 
 

M Voltage Gain 

KCL Kirchoff’s Current Law 

ESR Equivalent series resistance 

CD Capacitor and Diode 

SOQZSC   Sixth order Quasi-Z-source DC-DC Converter 

( )cG s  Controller transfer function 

RHP Right Half of s-plane 

GM Gain Margin 

PM   Phase Margin 

LSCRFBC   Low Source Current Ripple Fourth-order Boost Converter 

CP Charge Pump 

S   Sensitivity 

T   Complimentary Sensitivity 

MS   Maximum Sensitivity 

PWM  Pulse Width Modulation 

RMS  Root Mean Square 

rDS  on-state resistance 

RF  Diode forward resistance 

VF  Diode forward voltage drop 

 

 

 

 



xxv 
 

LIST OF SYMBOLS 

 

CV  Average Voltage across capacitor 

gV    Source Voltage 

0V  Load Voltage 

LI    Average Current Through Inductor 

gI  Source Current 

0I  Load Current 

Li  Instantaneous Current Through Inductor 

Li  Current Ripple Through Inductor 

Ci  Instantaneous Current Through Capacitor 

Cv  Instantaneous Voltage Across Capacitor 

Cv  Voltage Ripple Across Capacitor 

Dv  Instantaneous Voltage Across Diode 

Sv  Instantaneous Voltage Across Switch 

DV  Peak Voltage Across Diode 

SV  Peak Voltage Across Switch 

DI  Average Current Through Diode 

SI  Average Current Through Switch 

r Inductor dc resistance 

rC Capacitor equivalent series resistance 

SSX  Steady-state Solution 



xxvi 
 

( )vdG s  Control-to-output transfer function 

  Efficiency 

P0 Load Power 

 

 

 




