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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
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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.

Vi



RIS

39 IR ¥ Ugd F1 T= U ¥ U S-SR ¢ HacR crardist & fSomg 3R
fIRQIYUr 1 HSIIT B § ot HH Yo SIUTd IR I dlees A1 T HRd ¢ | TRURS
S-Id 3R 3ref-Sre-Td SHft-SRft Hadk @l 1/(1-2 Y & dieest A1 B UeRia
Hd ¢ Sl HH g1 dlces aTH P 9 & T H, 39 g & Io8 ugd & 9U 3= A4
cdrett fasfd f MU &1 37 e &1 omuR sref-Sie-did SRft-SRf HAR B
(AT aSTg) 2 o fes-geaes ¥d & Iy oid-oe -9 S-SRl gk &
SSqCY Pl JadX (AP bl T 8 | Safds guRl erularon daR &1 Ts Ud-d1-Ud 9d
3R S-Sl dHefarey (Toriiversisua) ¢ Sl TRuRS Sis-HRf S-St
FAACR & TSI B! TT-UI-U I & WY TG0 P a1G U B o1t ¢ | A &1 erararon
1/(1-3D) Veg &b PRUI I dlees aTH UefRid B g1 37 I raarst & forg faxgd
fRR-3ERT R TY-Toba fazawor Rnfid foran a1 8 iR Suarorea faRwdrst &I
AR B & o IeTevor RIgaRH 3R FanTets alRum vdd feu T |

SR fau Y < el @ TS Ui iR Tadivasieua) U fihy
T B, BTl S diecdl ATH UaRId Hd § Alfd 31 W & geeh BT SudNT P

21 39% Sifalad, Aid YR Ui T SRiad g1 SRiAd 399¢ Hc Bt Ul B HH B
& foTT 3R gTh! B B I HH B & T, Treis s Raa-HuRyex Ja & 1Y sid-ols-
I S-SRt AR F SMUR W & SR sl TR Bt 9 §1 A Siedf-Sig-Aead
Y faes-Fufer SR-ERf T Fadk CeuTaidiRy) ok Ta-ut-ua 99 smurid
3-S8-ead SRR-ERf T FaR (AN aRILISuT g1 3 Truidrt & a1 uTe
fYHTH qees A (3-3D)/(1-3D) B favga fRR-3aRAT 3R TY-Tahd fazawor wifoa

vii



faam mar B 1 Rgae SR tielersy fasr & fog Rfter 99+, 5aed 3R HuReR &
fere fewme siftreafad doR &) St 31 faxdvonas fssst & o= Fa & o,
TANTIETe TR TRdd fod ST & | ST9e iid & Ol 9l g b 3 Sraidion URURE ofs-
R S-S H1ack leiol Y 9k § Hifch d A 3R S & sld FHR S B
JfauT & 3ATaT SUHRON TR HH a9 UeiRid Hd ¢ |

SSTHEE T SR TGS TaR el WenRid $1Yc Hie Wiad & 9k 39
JhR I Hd He Rud Ueiid #=d &1 50 Hd F JadH 0T & HH A 3R 3t
dh I diecsl AH BT TgHH B DI URUN o 1Y, IR SH-S1s-id FHb Sial-s Il
FHacy AP d b T &1 39 Gt UIaisll BT SMYR A1 HH BT SHef-SIs-Hid THwe
S-SR ¢ HaR (THSHIZaT) € off ifHad ®0 ¥ &7 A gaqH o JHid
R ¢ | Alees A1 BT FgH & oY, Teh RIa-Hufiex I &1 3U-K1H A58 W Tdidd
forar ST B1 faga FRR-s/awy 3R dg-Toha fazawur wiiftd fear mar ® &R T
TR TR TR 6T 71T § | TRATd B-acy ! goiqT S-Ieb! Wit 3R Biiat b
IR & & fog Wt v &t Sl B | faga Sifar © ot =il b O sref-Sie-wia aHade
SH-ERf Fack crurarel AafoRad faRivant vefkid #=d & () faya o 8§ guR &
oy IUHRUN WR FHH dlecs! I, (i) T&T TG & foTT geh! Bt Bl T-AT 3R (i) T
Fc NOd 1 HH HA & e FRAOR $7YC B o™ Saag)-Hfcd Sethed & IHw
FH G G

viii



Contents

CERTIFICATE i
ACKNOWLEDGEMENTS i
ABSTRACT v
LIST OF FIGURES Xiil
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



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



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

Xi



LIST OF FIGURES

Figure 1.1. Z-source Inverter [7].

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

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

Figure 1.4. Traditional impedance Networks

Figure 2.1. Traditional boost converter [1].

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

Figure 2.3. Topological evolution of SLSCQZSC.

Figure 2.4. Mode-1 equivalent circuit of SLSCQZSC.

Figure 2.5. Mode-2 equivalent circuit of SLSCQZSC.

Figure 2.6. Key waveforms of SLSCQZSC.

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

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

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

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

Figure 2.11. Capacitor voltage and output current.

Figure 2.12. Topological evolution of LCLZSC.

Figure 2.13. Mode-1 equivalent circuit of LCLZSC.

Figure 2.14. Mode-2 equivalent circuit of LCLZSC.

Xiii

11

12

14

15

15

16

20

22

27

29

30

32

33

33



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

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

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

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

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

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

Figure 2.21.Voltage across capacitors at D = 0.2.

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

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

Figure 3.1. Topological evolution of SOQZSC.

Figure 3.2. Mode-1 equivalent circuit of SOQZSC.

Figure 3.3. Mode-2 equivalent circuit of SOQZSC.

Figure 3.4. Circuit diagram of ZSCBC.

Figure 3.5. Mode-1 equivalent circuit of ZSCBC.

Figure 3.6. Mode-2 equivalent circuit of ZSCBC.

Figure 3.7. Key steady-state waveforms of ZSCBC.

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

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

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

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

Xiv

37

39

43

43

44

46

46

51

52

52

54

54

55

56

59

62

65

67



Figure 3.12.

Figure 3.13.

Figure 3.14.

Figure 3.15.

Figure 3.16.

Figure 3.17.

Figure 3.18.

Figure 3.19.

Figure 3.20.

Figure 3.21.

Figure 3.22.

Figure 3.23.

Figure 3.24.

Figure 3.25.

Figure 3.26.

Figure 3.27.

Figure 3.28.

Figure 3.29.

Figure 3.30.

Frequency response plot of controller and loopgain transfer functions.

Experimental setup of ZSCBC.

Measured voltage gain.

Computed ideal and measured voltage gains.

Efficiency -vs- output power (Theoretical).

Efficiency -vs- output power (Experimental).

Inductor L current and capacitor voltage waveforms.

Switch 'S" and load voltage waveforms.

Diode D1, Ds voltage waveforms.

Measured dynamic response with variation in source voltage.

Dynamic response of the load voltage against sudden variation in load.

68

70

71

71

71

72

73

74

75

76

77

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

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

Measured dynamic response against sinusoidal variation in source.

Measured dynamic response against periodic square wave pulses.

Circuit diagram of LCLQZSC.

Mode-1 equivalent circuit of LCLQZSC.

Mode-2 equivalent circuit of LCLQZSC.

Mode-1 equivalent circuit with non-idealities.

XV

77

77

78

78

79

80

80

84



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-Cs) 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 Q. 109
Figure 4.14. Sudden load variation from 600 to 200 € at 42 V input. 110
Figure 4.15. Start-up response of FOEBC. 111
Figure 4.16. Circuit diagrams of proposed SCZEBCs. 112

XVi



Figure 4.17.

Figure 4.18.

Figure 4.19.

Figure 4.20.

Figure 4.21.

Figure 4.22.

Figure 4.23.

Figure 4.24.

Figure 4.25.

Figure 4.26.

Figure 4.27.

Figure 4.28.

Figure 4.29.

Figure 4.30.

Figure 4.31.

Figure 4.32.

Figure 4.33.

Figure 4.34.

Figure 4.35.

Figure 4.36.

Mode-1 equivalent circuit of SCZEBC Type-1.

Mode-2 equivalent circuit of SCZEBC Type-1.

Key steady-state waveforms of SCZEBC Type-1.

Mode-1 equivalent circuit of SCZEBC Type-2.

Mode-2 equivalent circuit of SCZEBC Type-2.

Key steady-state waveforms of SCZEBC Type-2.

Mode-1 equivalent circuit of SCZEBC Type-3.

Mode-2 equivalent circuit of SCZEBC Type-3.

Key steady-state waveforms of SCZEBC Type-3.

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

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

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

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

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

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

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

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

Enlarged form of Figure 4.34.

Loopgain plot of SCZEBC Type-2.

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

Xvii

113

114

114

118

118

119

121

122

123

127

129

131

133

136

138

142

142

143

145

145



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 Q).

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 Ci, Cz, and Cs 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 Ci, Cz, and Cz voltage (SCZEBC Type-3). 157
Figure 4.48. Source current, load current, switch, and diode D; 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

Xviii



Figure 4.53.

Figure 4.54.

Figure 4.55.

Figure 4.56.

Figure 4.57.

Figure 4.58.

Figure 4.59.

Figure 4.60.

Figure 4.61.

Figure 4.62.

Figure 4.63.

Figure 4.64.

Figure 4.65.

Figure 4.66.

Figure 4.67.

Figure 4.68.

Figure 4.69.

Figure 4.70.

Figure 4.71.

Measured dynamic response against periodic square wave disturbances.

Measured dynamic response against ramp variation in supply voltage.

Measured dynamic response against sinusoidal variation in supply voltage.

Circuit diagram of LCLQEBC.

Mode-1 equivalent circuit of LCLQEBC.

Mode-2 equivalent circuit of LCLQEBC.

Mode-1 equivalent circuit of LCLQEBC with non-idealities.

Mode-2 equivalent circuit of LCLQEBC with non-idealities.

Bode plot of control-to-output transfer function of LCLQEBC.

Inductor currents and load voltage at D = 0.2.

Voltage across capacitors at D = 0.2.

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

Load voltage regulation against sudden load variation of 900 to 500 Q.

Voltage gain comparison.

Normalized device voltage stress.

Efficiency comparison.

Normalized capacitor voltage stress.

Normalized inductor current stress.

Normalized source current ripple.

XiX

161

161

162

163

163

164

167

170

172

175

176

176

177

181

182

184

185

186

187



Table 2.1.

Table 2.2.

Table 2.3.

Table 2.4.

Table 2.5.

Table 3.1.

Table 3.2.

Table 3.3.

Table 3.4.

LIST OF TABLES

SLSCQZSC state-space model matrices

Coefficients of state-space model matrices

SLSCQZSC parameters

LCLZSC state-space model matrices

LCLZSC parameters

Voltage gain relationships for 2, 3 and N-Stage ZSCBC structures
ZSCBC state-space model matrices

Coefficients of state-space model matrices

System specifications of ZSCBC

Table 3.5. Transfer functions coefficients

Table 3.6.

Table 4.1.

Table 4.2.

Table 4.3.

Table 4.4.

Table 4.5.

Table 4.6.

Table 4.7.

Table 4.8.

Table 4.9.

LCLQZSC state-space model matrices

FOEBC state-space model matrices

SCZEBC type-1 state-space model matrices

SCZEBC type-2 state-space model matrices

SCZEBC Type-3 State-Space Model Matrices

Coefficients of state-space model matrices for SCZEBC type-3
Plant transfer functions’ coefficients

Stress comparison of SCZEBCs

LCLQEBC state-space model matrices

Coefficients of LCLQEBC state-space model matrices

Table 4.10. Comparison of low duty ratio range converters

Table 4.11. Comparison of high duty ratio range converters

XXi

26

27

28

42

43

59

66

67

67

68

90

101

130

135

140

141

142

147

173

174

178

180



LIST OF ABBREVIATIONS

PV
BDC
Zsl
Qzsl
QZN
sL
ZSC
cCcM
QZSC
DCM

SC

SLSCQZSC

LCLZSC
ZSCBC
LCLQZSC

FOEBC

SCZEBC

LCLQEBC

KVL

Photovoltaic

Basic Boost DC-DC Converter
Z-source Inverter

Quasi-Z-source Inverter
Quasi-Z-network
Switched-inductor

Z-source DC-DC Converter
Continuous Conduction Mode
Quasi-Z-source DC-DC Converter
Discontinuous Conduction Mode

Switched-capacitor

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

DC Converter

Z-network plus L-C-L cell based DC-DC Converter
Quasi-Z-network plus Switched-capacitor DC-DC Boost Converter
L-C-L cell based Quasi-Z-network DC-DC Boost Converter
Fourth-order Quasi-Z-source Equivalent DC-DC Boost Converter

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

Converter

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

Converter
Kirchoff’s Voltage Law

Duty Ratio

xXiii




KCL
ESR

CD
S0QZSC
G.(s)

RHP

GM

PM
LSCRFBC

CP

PWM
RMS

IDs

R

Voltage Gain

Kirchoff’s Current Law
Equivalent series resistance
Capacitor and Diode

Sixth order Quasi-Z-source DC-DC Converter
Controller transfer function

Right Half of s-plane

Gain Margin

Phase Margin

Low Source Current Ripple Fourth-order Boost Converter
Charge Pump

Sensitivity
Complimentary Sensitivity
Maximum Sensitivity
Pulse Width Modulation
Root Mean Square
on-state resistance

Diode forward resistance

Diode forward voltage drop

XXIV




LIST OF SYMBOLS

Average Voltage across capacitor
Source Voltage

Load Voltage

Average Current Through Inductor
Source Current

Load Current

Instantaneous Current Through Inductor
Current Ripple Through Inductor
Instantaneous Current Through Capacitor
Instantaneous Voltage Across Capacitor
Voltage Ripple Across Capacitor
Instantaneous Voltage Across Diode
Instantaneous Voltage Across Switch
Peak Voltage Across Diode

Peak Voltage Across Switch

Average Current Through Diode

Average Current Through Switch

Inductor dc resistance

Capacitor equivalent series resistance

Steady-state Solution

XXV




Gvd (S)

Po

Control-to-output transfer function

Efficiency

Load Power

XXVi






