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ABSTRACT 

 
The increase demand of electrical energy due to the industrial development and world 

population has made the traditional energy resources entered the age of insufficiency. Recently, 

an increase attention has been given to the renewable energy sources, especially photovoltaic 

(PV) energy systems as an alternative energy resource available everywhere in Egypt. And 

offer substantial advantages over conventional power resources such as reliability, low 

maintenance cost, no fuel cost, reduced sound pollution, safety and high performance.  

DC-DC boost converter is inserted between the source and the load as power conditioning 

unit to regulate and boost up photovoltaic voltage to desired output voltage. But the 

conventional boost converter give output voltage not exceeds about twice of the input for stable 

operation, this not sufficient for distribution level voltage. So, high gain DC/DC converter is 

ideal solution to achieve high voltage level at the output with high efficiency to convert the 

electrical power to useable form. 

There are a lot of topologies of high gain DC/DC converter that used with PV. In this thesis 

introduces a proposed non isolated high gain DC/DC converter used to convert low voltage 

solar PV panels to distribution level voltage. To do this, a converter used a single switch with 

switched inductor technique that is able to produce high gain power transmission and 

continuous input current. 

This thesis the steady state analysis and operation modes of the proposed converter are 

explained in detail for continuous conduction mode (CCM) and discontinuous conduction 

mode (DCM) operation. Also, the mathematical analysis implementation and voltage gain 

derivation is carried out for the proposed converter.  

Computer simulations are carried out for the proposed topology by Matlab/Simulink 

software. The prototypes of the proposed converter for CCM and DCM cases were built and 

tested in the laboratory. A DSP 1104 platform was used for evaluation board closed loop 

performance and open loop performance in order to verify the theoretical analysis. The 

experimental setup and hardware implementation are described. Several of experimental results 

for the proposed topology are included and discussed. The simulation and experimental results 

of the proposed converter are studied for closed loop case with static load by using resistive 

load and dynamic load by using separately excited DC motor. 

The proposed converter is compared with other recent converters and it is cleared from this 

comparison the advantages of the proposed with respect to others that shows the proposed 

converter has lower compensative components (capacitors and inductors), lower voltage stress 
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for semi-conductor device (switch and diodes) and higher efficiency. The simulation and 

experimental results are proved these advantages for the proposed converter and in good 

agreement. 

 

  



 
iii 

CONTENTS 

ABSTRACT………………………………………………………………………i 

CONTENTS……………………………….………………………………….…iii 

LIST OF FIGURES………………………………………………. ..................... v 

LIST OF TABLES………………………………………………………….…viii 

LIST OF ABBREVIATIONS AND SYMBOLS ………………………...……ix 

CHAPTER (1) ........................................................................................................ 1 

INTRODUCTION ................................................................................................. 1 

1.1 General Power Electronic DC-DC Converter .............................................. 1 

1.2 Thesis Objectives ........................................................................................... 6 

1.3 Thesis Outlines ............................................................................................... 7 

CHAPTER (2) ........................................................................................................ 8 

DESCRIPTION AND ANALYSIS OF THE PROPOSED HIGH GAIN 

DC/DC CONVERTER .......................................................................................... 8 

2.1 Summary ........................................................................................................ 8 

2.2 Circuit Description ........................................................................................ 8 

2.3 Operation Modes ........................................................................................... 8 
2.3.1 Continuous current operation modes (CCM) .......................................... 8 

2.3.2 Discontinuous conduction mode operation (DCM) .............................. 11 

2.4 Parameter Design ........................................................................................ 13 
2.4.1 Inductor design ...................................................................................... 13 

2.4.2 Capacitor design .................................................................................... 13 

CHAPTER (3) ...................................................................................................... 15 

PERFORMANCE EVALUATION OF HIGH GAIN DC/DC CONVERTER

 ............................................................................................................................... 15 

3.1 Summary ...................................................................................................... 15 

3.2 Simulation Results in CCM .......................................................................... 15 
3.2.1 Steady state results at different duty ratios ............................................ 16 

3.3 Simulation Results in DCM .......................................................................... 23 
3.3.1 Simulation results at different duty ratios D=0.3, D=0.5 and D=0.6 .... 23 



 
iv 

3.4 Simulation Results of Closed Loop Control at Static Load Performance ... 29 
3.4.1 Input voltage change ............................................................................. 30 

3.4.2 Load change ........................................................................................... 31 

3.4.3 Reference voltage change ...................................................................... 32 

CHAPTER (4) ...................................................................................................... 33 

EXPERIMENTAL SETUP OF HIGH GAIN DC/DC CONVERTER .......... 33 

4.1 Summary ...................................................................................................... 33 

4.2 Experimental Setup Description for Open Loop Control System ................ 33 
4.2.1 Main power circuit ................................................................................ 35 

4.2.2 Isolating and base driving circuit .......................................................... 35 

4.2.3 Voltage and current transducers ............................................................ 35 

4.2.4 DSP1104 controller board ..................................................................... 37 

4.3 Experimental Results for CCM .................................................................... 38 

4.4 Voltage Gain with Duty Ratio in CCM ........................................................ 45 

4.5 Experimental Results at DCM Performance ............................................... 45 
4.5.1: Experimental results at different duty ratios ........................................ 45 

4.6 Voltage Gain with Duty Ratio in DCM ........................................................ 52 

4.7 Experimental Results of Closed Loop Control at Static Load ..................... 53 
4.7.1 Input voltage change ............................................................................. 53 

4.7.2 Load change ........................................................................................... 55 

4.7.3 Reference voltage change ...................................................................... 56 

4.8 Experimental Results of Closed Loop at Dynamic Load Performance ....... 57 
4.8.1 Voltage control ...................................................................................... 57 

4.8.2 Speed control ......................................................................................... 59 

4.9 Comparisons of The Proposed Converter with Previous Work .................. 61 

4.10 Converter Efficiency .................................................................................. 64 

CHAPTER (5) ...................................................................................................... 65 

CONCLUSIONS AND FUTURE WORK ........................................................ 65 

5.1 Conclusions .................................................................................................. 65 

5.2 Future Work ................................................................................................. 66 

LIST OF PUBLICATIONS ................................................................................ 67 

REFERENCES .................................................................................................... 66 

APPENDICES ..…………...…………………………………………………...70 

    



 
v 

LIST OF FIGURES 

Fig. (1.1) Coupled inductor with intermediate energy storage capacitor converter 2 

Fig. (1.2) Coupled inductor with voltage multiplier converter ............................... 3 

Fig. (1.3) Coupled inductor with diode capacitor converter. .................................. 3 

Fig. (1.4) Single-ended primary inductance converter (SEPIC). ............................ 4 

Fig (2.1) The proposed converter ............................................................................ 8 

Fig. (2.2) Operating mode (1) ................................................................................. 9 

Fig. (2.3) Operating mode (2) ............................................................................... 10 

Fig. (2.4) Operating mode (3) ............................................................................... 11 

Fig. (2.5) The typical key waveforms of the proposed converter in CCM ........... 12 

Fig. (2.6) The typical key waveforms of the proposed converter in DCM ........... 13 

Fig. (3.1) Performance of output voltage and input voltage at different duty ratios 

(a) D = 0.3, (b) D = 0.6 and (c) D = 0.8 respectively ............................................ 17 

Fig.(3.2) Performance of output current at different duty ratios (a) D = 0.3, (b) D 

= 0.6 and (c) D = 0.8 respectively ......................................................................... 18 

Fig. (3.3) Performance of the input current at different duty ratios (a) D = 0.3, (b) 

D = 0.6 and (c) D = 0.8 ......................................................................................... 19 

Fig. (3.4) Performance of inductor voltage and current at different duty ratios (a) 

D=0.3, (b) D=0.6 and (c) D=0.8 ............................................................................ 21 

Fig. (3.5) Performance of switch voltage and current at different duty ratios (a) D 

= 0.3, (b) D = 0.6 and (c) D = 0.8 ......................................................................... 22 

Fig. (3.6) Performance of output voltage and current at different duty ratios (a) D 

= 0.3, (b) D = 0.5 and (c) D = 0.6 ......................................................................... 24 

Fig. (3.7) Performance of output voltage and current at different duty ratios (a) D 

= 0.3, (b) D = 0.5 and (c) D = 0.6 ......................................................................... 25 

Fig. (3.8) Performance of input current at different duty ratios (a) D = 0.3, (b) D = 

0.5 and (c) D = 0.6 ................................................................................................. 26 

Fig. (3.10) Performance switch voltage and current at different duty ratios (a) D = 

0.3, (b) D = 0.5 and (c) D = 0.6. ............................................................................ 29 



 
vi 

Fig. (3.11) Input voltage at input change .............................................................. 30 

Fig. (3.12) Reference and output voltage under input change .............................. 30 

Fig. (3.13) Output current under input change ...................................................... 31 

Fig. (3.14) Reference and output voltage under load change ............................... 31 

Fig. (3.15) Load current change ............................................................................ 32 

Fig. (3.16) Reference and output voltage under reference change ....................... 32 

Fig. (4.1) Experimental setup for the proposed converter .................................... 34 

Fig (4.2) The real view of driving circuit .............................................................. 35 

Fig. (4.3) a- The voltage transducer, b- Current transducer and c- Real view of 

current and voltage transducer .............................................................................. 36 

Fig. (4.4) DSP port connection .............................................................................. 38 

Fig. (4.5) Performance waveforms of output and input voltage at different duty 

ratios (a) D = 0.3, (b) D = 0.6 and (c) D = 0.8 ...................................................... 40 

Fig. (4.6) Performance waveforms of input current at different duty ratios (a) D = 

0.3, (b) D = 0.6 and (c)D = 0.8 .............................................................................. 41 

Fig. (4.7) Performance waveforms of gate signal, switch voltage at different duty 

ratios (a) D = 0.3, (b)D = 0.6 and (c) D = 0.8 ....................................................... 43 

Fig. (4.8) Performance waveforms of inductor voltage and current at different 

duty ratios (a)D = 0.3, (b) D = 0.6 and (c) D = 0.8 ............................................... 44 

Fig. (4.9) Voltage gain versus duty ratio ............................................................... 45 

Fig. (4.10) Performance waveforms of output and input voltage at various duty 

ratios (a) D = 0.3, (b) D = 0.5 and (c) D = 0.6 ...................................................... 47 

Fig. (4.11) Performance waveforms of input current at various duty ratios (a) D = 

0.3, (b) D = 0.5 and (c) D = 0.6 ............................................................................. 49 

Fig. (4.12) Performance waveforms of inductor voltage and it's at various duty 

ratios (a) D = 0.3, (b) D = 0.5 and (c) D = 0.6 ...................................................... 50 

Fig. (4.13) Performance waveforms of gate signal pulse and switch voltage at 

various duty ratios (a) D = 0.3, (b) D = 0.5 and (c) D = 0.6 ................................. 52 



 
vii 

Fig. (4.14) Voltage gain versus duty ratio at experimental and mathematical 

results ..................................................................................................................... 52 

Fig. (4.15) Input voltage change ........................................................................... 54 

Fig. (4.16) Reference and output voltage under input change .............................. 54 

Fig. (4.17) Output current under input change ...................................................... 55 

Fig. (4.18) Reference and output voltage at load change ...................................... 55 

Fig. (4.19) Load current under load change .......................................................... 56 

Fig. (4.20) Reference and output voltage at reference change.............................. 56 

Fig. (4.21) Reference and output voltage at voltage control ................................. 58 

Fig.(4.22) Speed changed under voltage control .................................................. 58 

Fig. (4.23) Reference and motor speed under speed control ................................ 59 

Fig. (4.24) Output voltage change under speed control ........................................ 60 

Fig. (4.25) Reference and motor speed under speed control ................................ 60 

Fig. (4.26) Output voltage change under speed control ........................................ 61 

Fig. (4.27) Voltage gain versus duty ratio ............................................................. 63 

Fig. (4.28) Maximum switch voltage stress versus voltage gain at Vin = 24 V. ... 63 

Fig. (4.29) Maximum output diode voltage stress versus voltage gain at Vin = 

24V. ....................................................................................................................... 64 

Fig. (4.30) Efficiency of the proposed converter versus duty ratio ...................... 64 

 

 

 

 

 

 

  



 
viii 

LIST OF TABLES: 

Table (3.1) Converter parameter in CCM and DCM ............................................ 15 

Table (3.2) Closed loop control parameters .......................................................... 29 

Table (4.1) Experimental circuit parameters ......................................................... 34 

Table (4.2) Components of experimental setup for the proposed converter......... 34 

Table (4.3) Closed loop control parameters .......................................................... 53 

Table (4.4) Comparing the proposed converters with other recent topologies ..... 62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
ix 

LIST OF ABBREVIATIONS AND SYMBOLS: 
 

AC                                Alternating current 

CCM                           Continuous conduction mode 

CO                                Output capacitor 

D                                  Duty ratio 

DC                              Direct current 

DCM                           Discontinuous conduction mode 

DSP                              Digital signal processor 

eb                                  Back electro motive force 

FACTS                        Flexible AC transmission 

Fs                                 Switching frequency 

HVDC                         High voltage direct current  

Ia                                   Armature current 

ICO                               Output capacitor current 

Iin                                 Input current 

IL1,IL2                           Inductor currents 

IO                                  Output current 

J                                    Moment of inertia 

k                                   Coupling coefficient of coupled inductor 

kI                                  Integration integer 

kp                                 Proportional integer 



 
x 

L1,L2                             Inductors 

La                                  Armature inductor 

M                                 Voltage gain 

n                                  Turns ratio of coupled inductor 

PV                               Photovoltaic solar panels 

Ra                                  Armature resistance 

RLoad                             Load resistance 

SEPIC                         Single-ended primary inductance converter 

TFL                                Full load torque 

TL                                 Load torque 

Tm                                 Electromagnetic torque 

Va                                 Armature voltage 

VCO                              Output capacitor voltage 

Vin                                              Input voltage 

VL1,VL2                         Inductor voltages 

VM                               Voltage multiplier  

VO                                 Output voltage 

VSW                               Switch voltage stress 

W                                   Motor speed 

                                   Inductor current ripple 

                                  Output voltage ripple 

 



CHAPTER (1)                                                          INTRODUCTION 

 

 
1 

CHAPTER (1) 

INTRODUCTION 

1.1 General Power Electronic DC/DC Converters 

In recent years, power electronics became very important in industrial technology 

and is now used in a great variety of products, including heat controls, light controls, 

motor controls, power supplies, vehicle propulsion systems, flexible AC transmission 

systems (FACTS) and high-voltage DC systems (HVDC). The power electronics 

circuits can be classified into different categories: (i) AC to AC converters (AC 

voltage controllers); (ii) AC to DC converters (Rectifiers); (iii) DC to DC converters 

(DC choppers); (iv) DC to AC converters (inverters) [1]. 

A DC-DC converter is a very popular power converter known as DC choppers. 

The function of DC-DC converter is to obtain DC voltage, with variable magnitude 

from fixed DC voltage using for DC application. The most important DC application 

is photovoltaic (PV) system where the main objective of DC/DC converter ensures 

maximum power from PV system. 

Photovoltaic solar energy has many advantages such as environmentally friendly, 

no noise, no moving parts, no emissions, no use of fuels and water and minimal 

maintenance requirements which makes it widely used in existing networks. But the 

output voltage of this energy has high fluctuations and a low value. So, to adjust the 

output voltage and convert it to high voltage level, the DC/DC converter is very 

important to use in these applications [3].  

There are different topologies for DC/DC converter but, the main types are buck 

converter used to produce the output voltage less than the input. The second type is 

the boost converters that operate inverse the buck type where give the output voltage 

higher than the input. The third type is buck-boost converter provide the output 

voltage less than or greater than the input voltage [2]. In conventional boost converter, 

the switching voltage stress is equal to the output voltage and introduces large 

inductor current ripple. Hence it creates the large conduction loss and reverse 

recovery issues which affects the conversion efficiency and high voltage gain [6]. 

Recently, the need for high gain DC-DC converters has become one of the most 

viable options as they would help in integrating solar energy. The main purpose of 
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high gain DC/DC converters is to boost up the low voltage from the PV to high 

voltages which makes it feasible for connecting it to DC micro grids [4]. High gain 

DC/DC converters are kind of high frequency converters that convert unregulated DC 

voltage to regulated DC voltage with high gain at the output for many DC 

applications. These converters are classified into two categories, isolated and non-

isolated based high step up converter. 

The isolated step up converters have a transformer and by adjusting the turns ratio 

of the transformer, high voltage gain have been achieved. Some of those converters 

are flyback, push-pull, and forward type converters. These converters have drawbacks 

of high voltage stress due to transformer leakage inductances which reduce the 

efficiency. This may cause the high switching voltage stress, reverse recovery issues 

and reduce the high step up conversion efficiency [5]. There are suitable non isolated 

step-up DC/DC converters that able to overcome the drawbacks of classical boost 

converters. These converters can provide high voltage levels with high efficiency at 

output side suitable for renewable energy applications [7]. 

 

Fig. (1.1) Coupled inductor with intermediate energy storage capacitor converter 

Many topologies have been introduced for this purpose [8-17] such as 1) using 

coupled inductor, 2) using voltage multiplier, 3) using switched capacitor, 4) using 

cascaded techniques, and 5) switched inductor. Coupled inductor chooses to use in 

high gain by increasing inductor turns ratio. But it has the following problems: large 

input current ripple and high switch voltage spikes because of stored energy of 

leakage inductance. So, clamp circuit must be used to limit this energy. However, this 

clamp circuit increases the conduction losses [8-11]. 

A topology converter that in Fig. (1.1) based on coupled inductor is presented with 

passive clamp circuit and intermediate energy storage capacitor used to increase the 

output voltage level as in [8]. But this circuit suffers from using a lot of components 



CHAPTER (1)                                                          INTRODUCTION 

 

 
3 

that make the system expensive. Some converters consist of coupled inductors with 

voltage multiplier (VM) used to multiply the voltage gain presented in [9-10]. These 

converters provide high voltage gain with low input current ripple. However, the VM 

cells in DC/DC converters in Fin. (1.2) that contain coupled inductor decrease the 

nominal value of power semiconductors As a result of using the clamping circuit that 

recycles the stored energy of leakage inductance which increases the losses and 

reduces the overall efficiency. A topology consists of a switched inductor with double 

switches is described in [11] to get high gain voltage value. However, using two 

switches increases the circuit components and thus raises the cost of the system. 

 

Fig. (1.2) Coupled inductor with voltage multiplier converter 

A converters used a conventional cascaded boost topology based on coupled 

inductor and diode-capacitor cell are presented in [12, 13]. That used to suppress the 

switch voltage spikes resulting from leakage inductance stored energy by recycling 

this energy to the output side. On the other hand, using diode-capacitor cell as 

clamping circuit affect the system efficiency due to switching losses of this clamp as 

shown in Fig. (1.3). 

 

Fig. (1.3) Coupled inductor with diode capacitor converter 
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Converters based on the switched-capacitor principle are studied in [14, 15]. A 

high voltage gain is achieved, and the switch voltage stresses is reduced. However, 

the number of components is large, and the output diode voltage stress is high. A 

converter uses switched capacitor, and a coupled inductor is described in [16], where 

the voltage boosted by increasing the turns ratio of the coupled inductor and switched 

capacitor stage. This converter suffers from high transient current that has degrading 

effect on both efficiency and power density. 

An interleaved DC/DC converter with small input current ripple for large power 

ranges is discussed in [17]. Also, a high step‑up interleaved boost converter with 

switched‑capacitors and switched‑inductors is studied in [18]. In order to these 

circuits operate correctly, the duty cycles of switches should be greater than 0.5, but 

this led to high power losses and low efficiency. A converter based on conventional 

boost and single-ended primary inductance converter (SEPIC) converters as shown in 

Fig. (1.4) is introduced in [19, 20]. A high voltage gain and low current stresses are 

obtained. However, large amount of components is used in [21, 22] introduced high 

step-up extendable hybrid DC/DC converter based on two-phase interleaved boost 

converter and switched capacitor. But this converter did not suitable for high power 

applications due to high-level of the transient current related to switched capacitor. 

 

Fig. (1.4) Single-ended primary inductance (SEPIC) converter  

Converter in [23] from type of non-isolated high gain DC/DC converters operate 

with positive output voltage and reduced current stresses but converter in [24] is about 

an interleaved winding coupled boost converter with passive clamp circuit that used to 

recycle the leakage energy to the output. These converters have switching losses due 

to the clamp circuit so; the overall efficiency of the converter will be decreased. 
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Converter in [25] explains, non-isolated full soft-switching step-up DC/DC 

converter with a continuous input current for renewable energy applications. The 

converter use of a three-winding coupled-inductor along with a voltage multiplier, to 

increase the gain but this system used passive clamp circuit that reduces the losses.  

An ultrahigh step-up DC/DC converter is proposed in [26] with a combination of 

two stages boost converter, a coupled inductor, and a multiplier cell. The secondary 

side of the coupled inductor is unified with the multiplier cell. In addition, leakage 

energy of the coupled inductor is recycled and transferred to output perfectly which 

causes high-efficiency performance. In [27] proposes a dual-switch DC/DC converter 

with high-voltage gain for solar Photovoltaic (PV) systems. High-voltage gain is 

obtained by combining the coupled inductor and switched-capacitor voltage boosting 

techniques. 

High step-up DC/DC converter with a continuous input current introduces in [28] 

which is suitable for sustainable energy systems. A three-winding coupled inductor, 

two power switches, three diodes, and three capacitors are utilized to perform the 

functions of active switched inductor and switched capacitor. This converter operates 

with many components that increase the system cost. A high voltage gain DC/DC 

boost converter with expandable diode-capacitor voltage multiplier (VM) cells in [29] 

is presented. The diode-capacitor VM cells and coupled inductors are employed in the 

presented topology to provide a higher voltage gain. 

Converter in [30] employing an interleaved quadratic structure, two-winding 

coupled inductors, and voltage multiplier cells , the proposed converter can provide 

high-voltage gains, continuous input current, common ground between input and 

output sides, and low numbers of components. In addition, diode-capacitor lossless 

clamp circuits are utilized to limit the voltage stresses of the power switches. But, 

using coupled inductor increases voltage spikes on the switches that increase voltage 

stresses on the switch and therefore the losses increase which reducing the system 

efficiency. 

Reference [31] presents high voltage gain interleaved DC/DC converter with a 

three-winding coupled inductor. Two interleaved and inter-coupled boost cells are 

connected by the input parallel and output series configuration, realizing low input 

current ripple and high voltage gain simultaneously. In [32] a high step-up DC/DC 

converter which is applied to a voltage lifts capacitor and coupled inductors to 

increase the voltage gain. Moreover, the interleaved structure is applied in the 
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converter to decrease the input ripple current. Voltage lift capacitor is used to 

recycling the stored energy that result from leakage inductance of the coupled 

inductor. 

 The converter in [33] is structured as an optimized integration of active switched-

inductor configuration, and ladder-type voltage multiplier is merged with the 

regenerative-boost arrangement. Thereby, due to such an organization of structure, the 

proposed converter is developed the extremely high voltage-gain with comparatively 

fewer components. Recently, switched inductor and switched capacitor techniques in 

dc-dc converter are recommended to achieve high voltage by using the principle of 

parallel charging and series discharging of reactive elements. In [34] a modified 

switched inductor boost converter is proposed with reduced voltage stress across 

active switches. There have been many proposed topologies for high gain DC/DC 

converters in the literature. But topologies with higher efficiency and lesser 

component stress is the optimal solution. In this regard, this thesis will focus on high 

gain DC/DC converter based on switched inductor technique. 

1.2 Thesis Objectives 

There are numerous challenges and requirements for DC/DC converters. Two of 

them will be addressed in the thesis. The first challenge and consider the most 

challenging task in designing switched inductor converters is to maintain the 

efficiency and the number of elements at a higher voltage gain. The proposed 

switched inductor converter has proven its efficiency and ability to provide a high 

voltage gain with a smaller number of elements resulting in the proposed converter 

give high voltage gain with higher overall efficiency of the system. 

The second challenge is clarification the closed loop control for the proposed 

converter to study the proposed converter with different load where the converter was 

tested experimentally under voltage control with resistive load. The voltage control 

test was investigated at different cases for input voltage change, load change and 

reference voltage change. Also, the converter was tested for dynamic load by using 

separately excited DC motor. 

    Simulation results for the proposed DC/DC converter are carried out using 

MATLAB/SIMULINK. The prototype of the proposed converter was built in the 

laboratory to validate the proposed converter experimentally. In order to verify the 

effectiveness of the proposed topology for open loop and closed loop performance. 
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The system of the proposed converter is implemented in real time by 

using digital signal processor (DSP1104). The experimental works are presented 

and discussed for the proposed topology.    

1.3 Thesis Outlines 

    This thesis organized in five chapters, a list of references and appendices 

Chapter (1): This chapter introduces a literature review for some pervious work, 

illustration some topologies of high gain DC-DC converters and objectives of this 

thesis. 

Chapter (2): This chapter explains in detail the performance and analysis of the 

proposed converter in continuous conduction mode (CCM) and discontinuous 

conduction mode (DCM) explaining circuit description, operation modes is discussed, 

voltage gain equation is derived and design methodology also presented.  

Chapter (3): This chapter presents the simulation results of the circuit with open loop 

at CCM and DCM and closed loop control system for static and dynamic loads. 

Closed loop system is consisting of voltage control and speed control. Different cases 

are studied such as input change, reference voltage change and load change. The 

circuit is built on MATLAB/SIMULINK program to validate it.  

Chapter (4): This chapter describes the experimental setup and implementation of the 

circuit. A  Digital Signal Processor (DSP-1104) based system is described. 

Experimental results were investigated for open loop at CCM and DCM and closed 

loop.  

Chapter (5): This chapter highlights the main conclusions of the present work and 

the future work that can be performed on the same object.



 

CHAPTER (2) 

DESCRIPTION AND ANALYSIS OF THE PROPOSED HIGH 

GAIN DC/DC CONVERTER 

 
8 

 
CHAPTER (2) 

DESCRIPTION AND ANALYSIS OF THE PROPOSED HIGH GAIN 

DC/DC CONVERTER 

 

2.1 Summary 

    This chapter presents the proposed of a single switch boost converter with switched inductor 

in CCM and in DCM operation. In this chapter the circuit description, operation modes, 

mathematical modeling and parameter design are explained in CCM and DCM. 

2.2 Circuit Description 

    The proposed converter is presented in Fig (2.1). It consists of one switch S1, two inductors 

L1 and L2, one capacitor Co and four diodes D1, D2, D3 and Do. Both inductors L1 and L2 are 

identical. 

 

Vin

D2

CO

+

+

-

-
Load

L1

D1 L2

DO

S1

D3

 
Fig (2.1) The proposed converter 

 

2.3 Operation Modes 

2.3.1 Continuous current operation modes (CCM) 

 

    The proposed converter operates in two modes in CCM and the typical key waveforms in ig. 

2.5. Before describing the proposed converter in the CCM, some supposition has been 

considered in the CCM analysis, ideal semiconductor components, very large output capacitor 
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(with constant output voltage and small ripple) and in addition to the system operation in the 

steady-state condition. 

2.3.1.1 Mode 1 (S1 is on) 

    In this mode, the switch S1 is in turned on, the diodes D1 and D2 are forward biased, and the 

diodes D3 and Do are revers biased. Therefore, the current follow through two inductors L1 and 

L2 and charged them in parallel path as shown in Fig.(2.2). Also, due to the inductors operate in 

parallel that make their voltage is equal i.e., VL1=VL2. The load is supplied by the charge on Co. 

The steady-state voltage equations are as follows (assumption: L1 = L2 = L) 

VL1 = VL2 = VL                                                                                                                            (1) 

VL(on)     Vin = 0                                                                                                                            (2) 

For the current equations related to this mode: 

iL1(on) + iL2(on) = iin(on)                                                                                                                   (3) 

 io = ico                                                                                                                                         (4)  

 
 

 

Fig. (2.2) Operating mode (1) 

 

2.3.1.2 Mode 2(S1 is off) 

 

     In this mode, the switch S1 is in turned off. The diodes D1 and D2 become reverse biased, 

and the diodes D3 and Do are forward biased. The inductors L1 and L2 are connected in series 

and discharge their energy into the output capacitor Co and the load as shown in Fig (2.3). The 

steady-state voltage equation in this mode is as follow: 

Vo – Vin + 2 VL(off) = 0                                                                                                                (5) 

Vin

D2

CO

+

+

-

-
Load

L1

D1 L2

DO

S1

D3

isw 

iL1 

 

iL2 

iCO iO 

iin 
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The current equations in this mode: 

iL1 = iL2 = iin(off)                                                                                                                            (6) 

iL1 = iL2 = ico + io                                                                                                                         (7) 

 

 

Vin

D2

CO

+

+

-

-
Load

L1

D1 L2

DO

S1

D3

 
 

 

Fig. (2.3) Operating mode (2) 

2.3.1.3 Voltage gain derivation in CCM 
 

     The voltage gain derivation is implemented by inductors volt-second balance method [5]. 

D (VL (on)) + (1 – D) (VL (off)) = 0                                                                                               (8) 

Substituting the value of VL from equations (2) and (5)  

                VL (on) = Vin                                                                                                                (9) 

                VL (off) = 0.5 (Vin – Vo)                                                                                             (10) 

The mathematical equation of the voltage gain becomes: 

  
  

  
 
    

   
 

The maximum switch voltage stress derived from the equation as, 

Vsw = Vin – 2 VL(off)                                                                                              (12) 

By substituting from equation (8) into equation (5) and solving for finding VL(off), one gets; 

                    
1

( )L off in
D

V V
D

  


                                                                                                     (13) 

iCO 
iO 

iL1 

 

iL2 

 

ion 
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Subsequently the switch voltage stress becomes; 

1

1
sw in

D
V V

D


 


                                                                                                           (14) 

2.3.2 Discontinuous conduction mode operation (DCM) 

    The proposed converter operates in three modes for DCM operation. The operation modes 

and the key waveforms of the proposed converter in DCM are shown in Fig.  2.6, respectively. 

2.3.2.1 Mode 1 (S1 is off): This mode is similar to Mode 1 in CCM, as shown in Fig. (2.2). 

2.3.2.2 Mode 2 (S1 is off): This mode is similar to Mode 2 in CCM, as shown in Fig. (2.3). 

2.3.2.3 Mode 3 (S1 is still off): 

    In this mode, as shown in Fig. (2.4), the switch S1 is still in OFF condition. D1, D2 and D3 are 

still reverse biased, while Do is not conducting. No current follows in the inductors L1 and L2. 

The load is fed by the stored energy in the capacitor Co. 

The steady state voltage equation for this mode is: 

Vo = VCo                                                                                                                                            (15) 

The current equation for this mode in this mode: 

io = ico                                                                                                                      (16) 

Vin

D2

CO

+

+

-

-
Load

L1

D1 L2

DO

S1

D3

 

Fig. (2.4) Operating mode (3) 

2.3.2.4 Voltage gain in DCM 

The voltage gain derivation is implemented by inductors volt-second balance method. 

D (VL(on)) + 0.5 (1 – D) (VL(off)) = 0                                                                                                  (17) 



 

CHAPTER (2) 

DESCRIPTION AND ANALYSIS OF THE PROPOSED HIGH GAIN 

DC/DC CONVERTER 

 
12 

Substituting the value of VL(on) and VL(off) from equations (2) and (5), respectively. 

VL(on) = Vin                                                                                                                                       (18) 

VL(off) = 0.5 (Vin – Vo)                                                                                                                      (19) 

Where the DCM condition operates only in half period of the OFF condition. The mathematical 

equation of the voltage gain becomes: 

M = 
1 3

1

o

in

V D

V D

 



                                                                                                                            (20) 

The maximum switch voltage stress can be obtained from the equation; 

1 3

1
sw o in

D
V V V

D

 
  


                                                                                                                     (21) 

 

 

Fig. (2.5) The typical key waveforms of the proposed converter in CCM 
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Fig. (2.6) The typical key waveforms of the proposed converter in DCM 

2.4 Parameter Design 

Inductors and capacitor design depend on their currents and voltages. 

2.4.1 Inductor design 

From the key waveforms and operation modes, the inductor can be estimated by equation:  

VL = L di/dt                                                                                                                                      (22) 

By integrating equation (22), the inductor value can be calculated as in (23). 

L = ( L *   T) / (∆𝐼𝐿)                                                                                                            (23) 

Where ∆𝐼𝑙 is the inductor ripple current allowed. It’s value equal to 20 to 40 percent of the 

output current according to IEEE standard [17]. 

At on state of the switch VL = Vin, and the inductor value can be found according to equation 

(24); 

L = ( in *  ) / (fs * ∆𝐼𝐿)                                                                                                                   (24) 

Where fs is the switching frequency 

2.4.2 Capacitor design 

The capacitor value can be found by: 

Io = Co dv/dt                                                                                                           (25) 
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By integrating equation (25), the minimum output capacitor value (Co) value can be determined 

by equation (26)  

𝐶o = (𝐼o *  ) / (f𝑠 * ∆ 𝑜)                                                                                         (26) 

Where the output voltage ripple value as in equation (27).  

∆ 𝑜 = 3.8% to 5% of Vo                                                                                          (27) 

As in standard the output voltage ripple equal 3.8 to 5 percent of output voltage [10]. 
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CHAPTER (3)  

PERFORMANCE EVALUATION OF HIGH GAIN DC/DC 

CONVERTER 

3.1 Summary 

In this chapter the proposed converter has been built on MATLAB/SIMULINK 

program and the simulation results is presented for open loop control at CCM and 

DCM with different values of duty ratio. The other part of this chapter discuss the 

simulation results for closed loop control at static load by using resistive load, in this 

case three conditions will be explained for closed loop of static load are input voltage 

change, load change and reference voltage change.  

3.2 Simulation Results in CCM 

To ensure the operation of the converter and to prove accuracy of theoretical 

relations, the simulation has been carried out by using different values of duty ratios 

for CCM. The parameters values used here are shown in Table (3.1). 

 

Table (3.1) Converter parameters in CCM and DCM 

Open-loop Control (CCM/DCM) 

Parameter Value 

Input Voltage (Vin) 24 V 

Capacitance (Co) 330 µF 

CCM 

Switching frequency (fs) 1 KHz 

Load resistance 450Ω 

Inductances (L1, L2) 25 mH 

DCM 

Switching frequency (fs) 5KHz 

Load resistance 450Ω 

Inductances (L1, L2) 10 mH 

 

The converter studied at different values for duty ratio equal to 30 %, 60 %, 80 %. 

This section explains the response of the proposed circuit.  The simulation results of 
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input voltage, input current, inductor voltage and its current, switch voltage and its 

current, output voltage with input voltage and output current are discussed. 

3.2.1 Steady state results at different duty ratios 

Figure (3.1) shows the output voltage at different duty ratio with input voltage 

equal to 24 volt. The result in Fig. (3.1.a) illustrates that the output voltage at duty 

ratio 0.3 is 45 volt, which means that voltage gain ratio equal to 1.88. This value 

agrees with voltage gain equation.  Also The results shown in Figf. (3.1.b) and (3.1.c) 

depicts the response of the circuit at duty ratio 0.6, 0.8 respectively. The output 

voltage at duty ratio 0.6 is 95 volt and at duty ratio 0.8 is 220 volt. These results 

confirm the obtained voltage gain equation 

Figures (3.2.a), (3.2.b) and (3.2.c) show the output current at different duty ratio 

30%, 60% and 80%  respectively. As it is clear from the waveforms the output current 

is pure DC at D=0.3 but at D=0.6 some ripples appeared on the output current and this 

ripple increased with D=0.8 as shown.   

Also, the input current at duty ratio 30%, 60% and 80%  are shown in Figf (3.3.a), 

(3.3.b) and (3.3.c) respectively. The results illustrate that the input current is 

continuous which confirms the converter working in CCM mode. For Figf (3.4.a), 

(3.4.b) and (3.4.c) show the waveforms of inductor voltage and current at D=0.3, 0.6 

and 0.8 where, the voltage and current for two inductors are identical where the 

inductor voltage is VL1=VL2=VL and for the inductor current IL1=IL2=IL so, the figure 

clears only one waveform for its voltage and current. Where the inductor voltage 

clears the two modes for CCM condition at storing energy the inductor current 

increasing linearly then at the instant of discharging this energy the inductor current 

will decrease. Also, the figure explain the peak of the current differ at each duty cycle 

where at 0.8 greater than D=0.6 and 0.3. 

While, Figf(3.5.a), (3.5.b) and (3.5.c) illustrate the waveforms of switch voltage 

and current at D = 0.3, 0.6 and 0.8 respectively. Where the switch voltage stress is 

equal the output voltage. So, the converter efficiency is high and the losses will be 

reduced. 
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(a) 
 

 
(b) 

 
(c) 

 

Fig. (3.1) Performance of output voltage and input voltage at different duty ratios (a) 

D = 0.3, (b) D = 0.6 and (c) D = 0.8 respectively 
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(a) 
 

 
 

 (b) 
   

 
(C) 

 

Fig.(3.2) Performance of output current at different duty ratios (a) D = 0.3, (b) D = 0.6 

and (c) D = 0.8 respectively 
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(a) 

 
(b) 

 
(c) 

Fig. (3.3) Performance of the input current at different duty ratios (a) D = 0.3, (b) D = 

0.6 and (c) D = 0.8 
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(a) 

 
(b) 
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(c) 

Fig. (3.4) Performance of inductor voltage and current at different duty ratios (a) 

D=0.3, (b) D=0.6 and (c) D=0.8  
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(b) 

 
(c) 

Fig. (3.5) Performance of switch voltage and current at different duty ratios (a) D = 

0.3, (b) D = 0.6 and (c) D = 0.8  
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3.3 Simulation Results in DCM 

In this section the simulation results of the converter will be introduced at three 

states for duty ratio at D=0.3, 0.5 and 0.6. to confirm the theatrical analysis with 

parameters as in Table (3.1). The simulation results implemented by using 

MATLAB/SIMULINK program. The waveforms of the output voltage, output 

current, input voltage, inductor voltage and current and switch voltage and its current 

were studied for the proposed topology at different duty cycle.  

3.3.1 Simulation results at different duty ratios D = 0.3, D = 0.5 and D = 0.6 

The converter here is tested at different duty ratios in terms of output voltage and 

current, input current, inductor voltage and current and switch voltage. 

For figures (3.6.a), (3.6.b) and (3.6.c) shows the waveforms of output and input 

voltage at D=0.3, 0.5 and 0.6 respectively. It's clear from Fig. (3.6.a) at the input 

voltage = 24 V the converter gives output 73 V this means the voltage gain is 3 that 

matched with voltage gain derivation. For Fig. (3.6.b) and (3.6.c) at D=0.5 the output 

voltage 118 V with gain 4.92 that corresponds to voltage gain equation. Also at D = 

0.6 with Vin = 24 give the output equal 159 with gain ratio 6.62 that very close to the 

inferred value from the equation. 

Figures (3.7.a), (3.7.b) and (3.7.c) show the output current waveforms at duty 

ratios 0.3, 0.5 and 0.6. the output current appear pure DC with few ripple in 

permissible limit according to IEEE standard. Figf (3.8.a), (3.8.b) and (3.8.c) show the 

waveform of input current, it's clear from figure the current is discontinuous this 

achieve converter operation in DCM at D = 0.3, 0.5 and 0.6. And the duration of 

discontinuity is reduce whenever duty ratio increase in which after D = 0.6 the 

converter turn into CCM.  

Figures (3.9.a), (3.9.b) and (3.9.c) shows the waveforms of inductor voltage and 

current at D = 0.3, 0.5 and 0.6 respectively, where the inductor voltage and current of 

two inductors are the same so the figure is took only for one waveform for VL and IL. 

The Fig. appears that charging and discharging of inductor energy also, the zero 

voltage state for the inductor voltage as mentioned before in mode (3). Where the 

voltage spikes on the inductor are due to the ratio of diL/dt is increased at on state and 
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then decreased at off state and therefore the voltage spikes decreased on the inductors. 

The inductor current also achieves the discontinuity as input current. 

Figures (3.10.a), (3.10.b) and (3.10.c) shows the switch voltage and current at 

30%, 50% and 60% of duty cycle, it's clear that stress on switch is equal the output 

voltage this improves the overall efficiency of the converter. For switch current also 

discontinuous as input and inductor current. 

 
(a) 

 
(b) 

 
(c) 

Fig. (3.6) Performance of output voltage and current at different duty ratios (a) D = 

0.3, (b) D = 0.5 and (c) D = 0.6 
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(a) 

 
(b) 

 
 

 (c) 

Fig. (3.7) Performance of output voltage and current at different duty ratios (a) D = 

0.3, (b) D = 0.5 and (c) D = 0.6 
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(b) 

 
(c) 

Fig. (3.8) Performance of input current at different duty ratios (a) D = 0.3, (b) D = 0.5 

and (c) D = 0.6 
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(b) 

 
(c) 

Fig. (3.9) Performance of inductor voltage and its current at different duty ratios (a) D 

= 0.3, (b) D = 0.5 and (c) D = 0.6 



 
CHAPTER (3)         

 PERFORMANCE EVALUATION OF HIGH GAIN DC/DC 

CONVERTER 

 

 
28 

  
(a) 

 

 
(b) 

 

0.294 0.2945 0.295 0.2955 0.296
0

50

100

Time (Sec)

V
sw

 (
V

)

0.294 0.2945 0.295 0.2955 0.296

0

2

4

Time (Sec)

Is
w

 (
A

)

0.294 0.2945 0.295 0.2955 0.296
0

50

100

150

Time (Sec)

V
sw

 (
V

)

0.294 0.2945 0.295 0.2955 0.296
0

2

4

6

Time (Sec)

Is
w

 (
A

)



 
CHAPTER (3)         

 PERFORMANCE EVALUATION OF HIGH GAIN DC/DC 

CONVERTER 

 

 
29 

 
(c) 

Fig. (3.10) Performance switch voltage and current at different duty ratios (a) D = 0.3, 

(b) D = 0.5 and (c) D = 0.6. 

3.4 Simulation Results of Closed Loop Control at Static Load 

Performance 

In this section the simulation results of closed loop control will be explained at 

static load with three states are of input change, load change and reference voltage 

change at parameters as shown in Table (3.2). 

Table (3.2) Closed loop control parameters 

Closed-loop Control 

Parameter Value 

Inductances (L1, L2) 10 mH 

Capacitance (Co) 330µF 

Switching frequency(FS) 1 K HZ 

Static Load 

Proportional gain (KP) 100 

Integral gain (Ki) 200 

Dynamic Load  

Proportional gain (KP) 98.6 

Integral gain (Ki) 215 

Armature voltage 50V 

Armature current 1A 
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3.4.1 Input voltage change 

For closed loop control under input change, a simple PI controller is used. The 

parameters for the PI are Kp =100 and Ki = 200. The proposed converter tested for 

supply voltage change experimentally at L1=L2=10 mH and Rload=450Ω as in Table 

(3.2). By changing supply voltage from 35V to 22V at reference voltage 50V, the 

output voltage and output current will be constant as shown in Fig. (3.12) and 

(3.13).Fig. (3.11) shows the supply voltage that change decreasing from 35V to 22V. 

 
Fig. (3.11) Input voltage at input change 

 

 
Fig. (3.12) Reference and output voltage under input change 
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Fig. (3.13) Output current under input change 

3.4.2 Load change 

For closed loop control under load change, a simple PI controller is used. The 

waveforms of reference and output voltages, and load current during changing of the 

load are shown in Figf (3.14) and (3.15) respectively. With the reference voltage 

equal to 50 V, two load step changes are introduced. At the instant t = 0.21 sec, the 

load increased and at the instant t = 0.34sec, the load decreased again. And then the 

output voltage not changed. 

 

 
Fig. (3.14) Reference and output voltage under load change 
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Fig. (3.15) Load current change 

3.4.3 Reference voltage change 

For closed loop control under load change, a simple PI controller is used. The 

waveforms of reference and output voltages during changing of the reference voltage 

are shown in Fig (3.16).  The reference voltage will be change from 70V to 40V as in 

figure and the output voltage respond to this change.  

 

 
Fig. (3.16) Reference and output voltage under reference change
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CHAPTER (4)  

EXPERIMENTAL SETUP OF HIGH GAIN DC/DC CONVERTER 

4.1 Summary 

In this chapter the experimental set up has been built on to verify the effectiveness 

of the proposed DC/DC converter. Experimental results were investigated for open 

loop for CCM and DCM. And experimental results introduces for closed loop at static 

load by using resistive load to discuss input voltage change, load change and 

reference voltage change. The closed loop control results at dynamic load also 

explained by using separately excited DC motor as a load. To test the proposed 

converter at voltage control and speed control. Digital signal processor (DSP) 

controller board (DSP1104) was used to implement and test the proposed converter 

experimentally.   

4.2 Experimental Setup Description for Open Loop Control System 

The prototype of the proposed converter has been implemented and tested in the 

laboratory. To confirm the simulation results the converter, is validated 

experimentally and the results are taken into oscilloscope device. The proposed 

converter is tested at open loop with the same duty ratios as in simulation part with 

D=0.3, 0.6 and 0.8 for CCM and duty equal 0.3, 0.5 and 0.6 for DCM. This system is 

fully controlled in real time using DSP controller board (DSP1104).  

The DSP board is placed in the PCI slot on the main board of PC, with 

uninterrupted communication through dual port memory. Fig. (4.1) shows the real 

view of the complete system in the laboratory. The experimental circuit parameters 

explained in Table (4.1) and the main parts of the system which labeled are listed in 

table (4.2). The following sections describe the main components of the system in 

detail.  
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Table (4.1) Experimental circuit parameters 

Open-loop Control (CCM/DCM) 

Parameter Value 

Input Voltage (Vin) 24 V 

Capacitance (Co) 330 µF 

Switching frequency 

(fs) 
1 KHz 

CCM 

Load resistance  450Ω 

Inductances (L1, L2) 25 mH 

DCM 

Load resistance 450Ω 

Inductances (L1, L2) 10 mH 

 

 
Fig. (4.1) Experimental setup for the proposed converter 

 

Table (4.2) Components of experimental setup for the proposed converter 

Label Component Label Component 

1 DSP platform 5 Switched Inductor 

(L1) 

2 Personal computer 6 Switched Inductor 

(L2) 

3 Voltage and current 

transducers 

8 Diodes (D1, D2, D3 

and Do) 

4 Main switch (S1) 9 Input DC source 

7 Output capacitor 11 Drive circuit 

12 Oscilloscope 13 Measurements 

2 1 
3 5 6 

 8 
9 4 7 

12 

13 

11 
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4.2.1 Main power circuit 

A single phase transformer with rectifier circuit have been used to supply the 

system with a DC voltage at value 24. Isolated Gate Bipolar transistor (IGBT’s) [type: 

CM100DY-24H] is used as a switch in the circuit. One IGBT are used in the proposed 

converter. The IGBT is controlled by signals generated by the controller board. More 

information about IGBT’s is given in Appendix B. 

4.2.2 Isolating and base driving circuit 

For operating IGBT as a switch, the gate voltage must be appropriate so that the 

IGBT are into the saturation for low on-state voltage and cut-off for off-state. The 

main function of the base drive circuit is to generate pulse having proper voltage level 

for the IGBT. The outputs of the digital I/O subsystem of the DSP board (DSP1104) 

are pulses having magnitude of 5 V, which is not sufficient for the gate drive of 

IGBT. Moreover, isolation is needed between the controller board and the IGBT 

because the logic signal should be applied between the gate and the emitter. Thus a 

base drive circuit is essential for the IGBT, to provide an isolation and appropriate 

voltage to the IGBT. 

 

Fig (4.2) The real view of driving circuit 

4.2.3 Voltage and current transducers 

In order to obtain feedback current and voltage control from the power circuit, the 

load current and the output voltage should be measured on-line and supplied to the 
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controller via its A/D converters. For voltage transducer the actual voltage is 

measured using voltage sensor, which is a transducer for electronic measurement of 

DC and AC voltages with galvanic isolation between the primary circuit (high power) 

and the secondary circuit (electronic circuit). These transducers providing electrical 

isolation between the power circuit and the controller. Each current transducer was 

designed to measure a maximum of 25 A with a sensitivity of 100 mV/A. The output 

current signal of this sensor is converted to a voltage by connecting a resistor between 

output of the sensor and ground. Output voltage can be scaled by selecting various 

resistor values, and fed to the DSP board through the A/D converter.  Fig. 4.2 presents 

a circuit of voltage transducer, current sensor circuit and real view of both current and 

voltage transducers (3-LA 25-NP and 3 LV 25-P). 

 

a 

 

  b 

 

C 

Fig. (4.3) a- The voltage transducer, b- Current transducer and c- Real view of current 

and voltage transducer 
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4.2.4 DSP1104 controller board 

The DS1104 digital signal processing (DSP) controller board from dSPACE 

provides the interface between the controller and the system. DS1104 Controller 

Board is placed in the PCI slot on the main board of PC. The DS1104 contains a main 

processor and a slave Digital Signal Processor (DSP). The main processor is a 603 

PowerPC, running at 250MHz with 32 MB of SDRAM, and the slave DSP is a 

TMS320F240, Texas Instrument floating-point DSP, 20MHz CPU clock. It contains 

four 16-bit analog-to-digital (A/D) channels, four 12-bit A/D channels, eight 16-bit 

digital-to-analog (D/A) channels, and other input/output interfaces. The provided 

Control Desk Developer along with "Matlab/Simulink" provides user-friendly 

interface to system control and observation. 

There are three different ways to connect external devices to the DS1104. To 

access the I/O units of the master PPC and the slave DSP, connect external devices: 

To the 100-pin I/O connector P1 of the DS1104, or 

To the two 50-pin Sub-D connectors P1A and P1B, those are included in the 

DS1104 hardware package, or                                                                                  

To the optional connector panel CP1104 or the optional combined connector /LED 

panel CLP1104, which provides an additional array of LEDs indicating the states of 

the digital signals. 

To make the interconnection of both input signals (current/ voltage transducers and 

incremental encoder), and output signals (pulse to IGBT switch) with the DS1104 

board simple and easy, a connection port of DSP is extended through an interface 

board that is shown in Fig. (4.4). 

We can arrange the current & voltage transducer circuit, the interface circuit (IR), 

the power supply (5, 15, 20) and the DSP port connection in a stand. 
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Fig. (4.4) DSP port connection. 

4.3 Experimental Results for CCM 

In this section the converter waveforms of input voltage, output voltage, input 

current, gate signal, switch voltage and inductor voltage and its current are explained 

to validate the converter at D = 0.3, 0.6 and 0.8 respectively. For Figf.(4.5.a), (4.5.b) 

and (4.5.c) show the waveforms of input and output voltage, where at input voltage 

=24V the converter given 45V with gain 1.875 at output for D = 0.3, and 94V for D = 

0.6 in this case the voltage gain is 3.92 and at D = 0.8 the output voltage equal 200V 

and its gain equal 8.33 these values validated the simulation results at the same duty 

ratios. 

Figures (4.6.a), (4.6.b) and (4.6.c) shows the waveform of input current of the 

converter at different duty ratios D = 0.3, 0.6 and 0.8 respectively. Its clears from 

figure the input current is continuous that ensure the converter works in CCM. The 

average value of the input current increase with increasing of duty ratio but this value 

within limit range for the input current. 

Figures (4.7.a), (4.7.b) and (4.7.c) shows the experimental waveforms of gate 

signal and switch voltage the waveforms appear that at gate signal voltage with 

various duty ratios at D = 0.3, 0.6 and 0.8 the switch voltage is equal to the output 

voltage. This means the switch voltage stress is reduced also, the switching losses 

decreased and therefore the overall system efficiency increased. 
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Figures (4.8.a), (4.8.b) and (4.8.c) shows the waveforms of inductor voltage and 

current for one inductor only due to two inductors are identical in their voltage and 

currents. Its clears from figure the converter operate effectively in continuous current 

mode because the inductor current also continuous.  
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(b) 
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(C) 

1- Output voltage           2- Input voltage 

Fig. (4.5) Performance waveforms of output and input voltage at different duty ratios 

(a) D = 0.3, (b) D = 0.6 and (c) D = 0.8 
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(b) 

 

 
(c) 

1- Input current 

Fig. (4.6) Performance waveforms of input current at different duty ratios (a) D = 0.3, 

(b) D = 0.6 and (c)D = 0.8 
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 (c) 

1- Gate signal pulse              2- Switch voltage  

Fig. (4.7) Performance waveforms of gate signal, switch voltage at different duty 

ratios (a) D = 0.3, (b)D = 0.6 and (c) D = 0.8 
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  (b) 

 

 
(c) 

 

1- Inductor voltage     2- Inductor current 

Fig. (4.8) Performance waveforms of inductor voltage and current at different duty 

ratios (a)D = 0.3, (b) D = 0.6 and (c) D = 0.8 

1A/div 

0.5A/div 

1 

2 

1 

2 



 
CHAPTER (4)         

 EXPERMENTAL SETUP OF HIGH GAIN DC/DC CONVERTER 

 

 
45 

4.4 Voltage Gain with Duty Ratio in CCM 

The relation between voltage gain and duty ratio in continuous conduction mode at 

experimental and mathematical results is shown as below in figure (4.9). It's observed 

from figure there is a high convergence between two values for voltage gain (M) at 

each duty ratio (D) in CCM. 

 
Fig. (4.9) Voltage gain versus duty ratio 

4.5 Experimental Results at DCM Performance 

To validate the simulation results that introduced in previous chapter for DCM, the 

converter practically tested at the same three cases of duty ratio in simulation section 

at D=0.3, 0.5, 0.6. To prove the simulation and experimental results very close to each 

other at any value for duty ratio. 

4.5.1 Experimental results at different duty ratios 

The experimental waveforms that introduces in this subsection at D=0.3, 0.5 and 

0.6  are output and input voltage, input current, inductor voltage and its current and 

gate signal and switch voltage to analyze the converter in this case. 

Figures (4.10.a), (4.10.b) and (4.10.c) shows the waveforms of output and input 

voltage, the figure clear that at input voltage 24V the converter gives output equal 66 
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V at D = 0.3 hence the voltage experimentally equal 2.75 and mathematically equal 

2.71. And for D = 0.5 the output equal 116V where the experimentally gain is 4.83 

and by equation equal 5. In case of D = 0.6 the output voltage is 155V then the 

voltage gain is 6.46 and mathematically is 7. These values mean presence a high 

convergence between two values.  

Figures (4.11.a), (4.11.b) and (4.11.c) shows the waveform of input current at duty 

ratios D=0.3, 0.5 and 0.6 respectively. Where the figure explain the converter is 

suitable for DCM application because the input current is discontinuous. 

Figures (4.12.a), (4.12.b) and (4.12.c) show the waveforms of inductor voltage and 

its current for D=0.3, 0.5 and 0.6. The inductor voltage and current in figure like the 

simulation waveform of inductor voltage which means the converter achieves the 

DCM in both simulation and experimental results. Due to two inductor are identical in 

their voltage and current so, one waveform is taken for them. 

Figures (4.13.a), (4.13.b) and (4.13.c) show the gate signal and switch voltage. The 

figure explain at gate signal with duty ratio D=0.3, 0.5 and 0.6. The switch voltage 

stress is reduced that make the efficiency increased and switching losses decreased.  
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(b) 

 

 
(c) 

1- Output voltage        2- Input voltage 

Fig. (4.10) Performance waveforms of output and input voltage at various duty ratios 

(a) D = 0.3, (b) D = 0.5 and (c) D = 0.6 
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(c) 

1- Input current 

Fig. (4.11) Performance waveforms of input current at various duty ratios (a) D = 0.3, 

(b) D = 0.5 and (c) D = 0.6 
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(b) 

 

 
(c) 

1- Inductor voltage    2- Inductor current 

Fig. (4.12) Performance waveforms of inductor voltage and it's at various duty ratios 

(a) D = 0.3, (b) D = 0.5 and (c) D = 0.6 
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 (c) 

 1- Gate signal pulse     2- Switch voltage 

Fig. (4.13) Performance waveforms of gate signal pulse and switch voltage at various 

duty ratios (a) D = 0.3, (b) D = 0.5 and (c) D = 0.6 

4.6 Voltage Gain with Duty Ratio in DCM 

The relation between voltage gain and duty ratio in discontinuous conduction mode 

at experimental and mathematical results is shown as below in Fig. (4.14). It's 

observed from figure there is a high convergence between two values for voltage gain 

(M) at each duty ratio (D). 

 
Fig. (4.14) Voltage gain versus duty ratio at experimental and mathematical results 
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4.7 Experimental Results of Closed Loop Control at Static Load   

In this section the experimental results of closed loop control will be explained at 

static load. For voltage control with three states are of input voltage change, load 

change and reference voltage change with parameters as shown in Table (4.3). 

Table (4.3) Closed loop control parameters 

Closed-loop Control 

Parameter Value 

Inductances (L1, L2) 10 mH 

Capacitance (Co) 330µF 

Switching frequency (FS) 1 KHZ 

Static Load 

Proportional gain (KP) 100 

Integral gain (Ki) 200 

Load resistance (RL ) 450Ω 

Dynamic Load  

Proportional gain (KP) 98.6 

Integral gain (Ki) 215 

Armature voltage (Va) 50V 

Armature current (Ia) 1A 

4.7.1 Input voltage change 

For closed loop control under input change, a simple PI controller is used. The 

parameters for the PI for Kp and Ki as in Table (4.3) . The proposed converter tested 

for supply voltage change experimentally at L1=L2=10 mH and Rload=450Ω. By 

changing supply voltage by decreasing from 35V to 22V as shown in Fig. (4.15) at 

reference voltage 50V, the output voltage and output current will be constant as 

shown in Figf (4.16) and (4.17). This means that the converter not affect with 

changing in input voltage at any value by increasing or decreasing. Where the output 

voltage and current waveforms not changed with this control, that voltage and the 

output current still constant and robustness against these variations. 
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Fig. (4.15) Input voltage change 
 

 
Fig. (4.16) Reference and output voltage under input change 

 

3 4 5 6 7 8
5

10

15

20

25

30

35

40

Time (Sec)

V
s 

(V
)

1 2 3 4 5 6 7 8
49

49.5

50

50.5

51

V
r
e
f 

(V
)

1 2 3 4 5 6 7 8

10

20

30

40

50

Time (Sec)

V
o

u
t 

(V
)



 
CHAPTER (4)         

 EXPERMENTAL SETUP OF HIGH GAIN DC/DC CONVERTER 

 

 
55 

 
Fig. (4.17) Output current under input change 

4.7.2 Load change 

For closed loop control under load change, a simple PI controller is used. The 

waveforms of reference and output voltages, and load current during changing of the 

load are shown in Figf (4.18) and (4.19) respectively. With the reference voltage 

equal to 50 V, two load step changes are introduced. At the instant t = 1.248 sec, the 

load increased from about 25% of the rated load to the rated load. At the instant t = 

3.75748 sec, the load decreased from the rated load to about 25% of the rated load 

again.  

 
Fig. (4.18) Reference and output voltage at load change 
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Fig. (4.19) Load current under load change 

4.7.3 Reference voltage change 

For closed loop control under load change, a simple PI controller is used. The 

waveforms of reference and output voltages during changing of the reference voltage 

are shown in Fig. (4.20). At the instant t = 1.266 sec, the reference voltage decreased 

from 100 V to 70 V then at the instant t = 2.67 sec, the reference voltage increased to 

100 V again. Also, the output voltage respond to this change as shown in Fig.. 

 
Fig. (4.20) Reference and output voltage at reference change 
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4.8 Experimental Results of Closed Loop at Dynamic Load 

Performance 

For closed loop control at dynamic load using a simple PI controller with 

parameter KP=98.6 and KI=215 as in Table (4.3). The converter loaded by separately 

excited dc motor with field winding voltage Vfield =25V. The armature winding is 

supplied from the proposed converter. Hence the differential equation that explain the 

dynamic behavior of the separately excited DC motor are given as 

 

  ( )      ( )  𝐿 
   ( )

  
   ( )  

 

  ( )    ( ) 
                                                          

  ( )     ( ) 
 

  ( )

  
 
  ( )   𝐿( )

 
 

 

Where Va(t),Ia(t) are the armature voltage and current respectively, eb(t) is back 

electromotive force, w(t) is the speed, Tm(t) and Tl(t) are electromagnetic and load 

torque, Ra and La are armature resistance and inductance and J is the moment of 

inertia. 

4.8.1 Voltage control 

To show the effectiveness of the proposed converter to drive the motor effectively, 

the results shown in Figf. (4.21) and (4.22) are presented. With a load torque equal to 

50% of the motor torque, the motor operates at armature voltage equal 35 V and speed 

equal to 1300 rpm. At the instant t = 2.3 sec, a step change in the reference armature 

voltage from 35 V to 40 V is introduced so, the motor speed responds to this change 

and increases to 1500 rpm. Then when a step change in the reference armature voltage 

from 40 V to 35 V is introduced at the instant t = 5.92 sec, the motor speed responds 

to this change and decreases to 1300 rpm. The converter is tested for voltage control 

with separately excited DC motor as dynamic load. Where, the reference voltage is 

changed from 35V to 40V and load torque is 50% from full load torque. Its observed 

from Fig. (4.21) the output voltage responds to change in reference voltage, also the 
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speed changed from 1300rpm to 1500rpm with the change in the voltage as shown 

from Fig. (4.22). 

 
Fig. (4.21) Reference and output voltage at voltage control 

 
Fig.(4.22) Speed changed under voltage control 
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4.8.2 Speed control 

The converter tested for speed control at two cases at load torque (TL) changed 

from 40% to 60% from full load torque (TFL) and at TL changed from 60% to 40% 

with reference speed equal 1800 rpm. 

Figure (4.23) shows the reference speed and motor speed at changing in TL from 

40% to 60% of TFL. The figure explains the motor speed is constant under torque 

changing. Fig. (4.24) shows the output voltage changed by increasing value under 

speed control by load torque changing from 40% to 60% of TFL.  Fig. (4.25) shows the 

reference speed and motor speed at changing in TL from 60% to 40% of TFL. The 

figure explains the motor speed is constant under torque changing. Fig. (4.26) shows 

the output voltage changed by decreasing value under speed control by load torque 

changing from 60% to 40% of TFL 

 

 

 
Fig. (4.23) Reference and motor speed under speed control 
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Fig. (4.24) Output voltage change under speed control 

 

  
Fig. (4.25) Reference and motor speed under speed control 
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Fig. (4.26) Output voltage change under speed control 

 

4.9 Comparisons of the Proposed Converter with Previous Work 
 

In this section the proposed converter compared with other recent converters in 

terms of number of switches, number of inductors, number of capacitors, number of 

diodes, voltage gain equation, and switch and output diode voltage stresses as in Table 

(4.4). As described in Table (4.4), the proposed converter has the least components 

count compared to the other converters in [5], [8], [10] and [17]. Also, for the modest 

duty ratios the proposed converter has the larger gain compared with the conventional, 

conv. [5], conv. [8], and conv. [17] except conv. [10] that has the largest voltage gain 

as shown in Fig. (4.27). However, conv. [10] needs high output capacitor value that 

increases the volume and cost of the converter. 

The maximum voltage stresses across power switches of the converters are 

compared as shown in Fig. (4.28). the maximum switch voltage stresses of the 

conventional, conv. [8], and proposed are equal. The maximum switch voltage 

stresses of the proposed is lower than conv. [17], but it higher than conv. [5] and 

conv. [10]. The maximum output diode voltage stresses of the converters are 

0 1 2 3 4 5 6 7 8
5

10

15

20

25

30

35

40

45

50

55

60

Time (Sec)

V
o

 (
V

)



 
CHAPTER (4)         

 EXPERMENTAL SETUP OF HIGH GAIN DC/DC CONVERTER 

 

 
62 

displayed in Fig. (4.29). Conv. [17] has the highest value, while conv. [5] has the 

lowest value. The maximum output diode voltage stress of the proposed converter is 

equal to the conventional and conv. [8]. Based on these comparisons, the proposed 

converter has good performance. 

 
Table (4.4) Comparing the proposed converters with other recent topologies 

 

Converter 

Type 

Conventional 

boost 
Conv. [5] Conv. [8] Conv. [10] Conv. [17] Proposed 

No. of 

switches 

1 1 2 1 2 1 

No. of 

inductors 

1 2 4 3 3 2 

No. of 

capacitors 

1 3 4 4 3 1 

No. of 

diodes 

1 3 2 5 2 4 
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n and k are the turns ratio, and the coupling coefficient of the coupled inductor, 

respectively. 
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Fig. (4.27) Voltage gain versus duty ratio 

 

 

 
 

Fig. (4.28) Maximum switch voltage stress versus voltage gain at Vin = 24 V. 
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Fig. (4.29) Maximum output diode voltage stress versus voltage gain at Vin = 24V. 

4.10 Converter Efficiency 

The converter efficiency is measured at different duty ratios and the result is shown 

in Fig. (4.30). the efficiency is higher when the converter operates in DCM. The 

maximum efficiency that the converter reaches is 93 % at D = 0.6. 

 

 
Fig. (4.30) Efficiency of the proposed converter versus duty ratio
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CHAPTER (5)  

CONCLUSIONS AND FUTURE WORK 

5.1 Conclusions 

Nowadays the demand for renewable energy sources as PV solar panel is 

increasing due to many advantages of these sources, but to use them its required using 

high gain DC-DC converter with them to increase the output voltage. In this thesis a 

literature reviews about many topologies that used with PV application was 

introduced but the switched inductor converters have promised to be alternative 

converter for the traditional DC-DC converters. The reason for switched inductor 

converters are more using for PV application because they achieve continuous input 

current necessary for use with solar panels. This thesis discussed the proposed 

topology using single switch with switched inductor to use for PV application. This 

proposed demonstrated desirable attributes necessary for a solar converter. This can 

achieve output voltage with high gain and high efficiency. Also, its input current is 

continuous is the important requirements for PV solar panel. From the study of the 

proposed converter for PV application the following conclusions are drawn in this 

thesis: 

In chapter (2) the proposed converter was analyzed in details in continuous 

conduction mode (CCM) and discontinuous conduction mode (DCM), from this 

analysis the proposed converter has many merits such as simple structure, use few 

components and using one switch that reduced the switching losses and using fewer 

components reduce the cost of the system and due to these merits the overall 

efficiency is increased. In this chapter the converter was described an operation 

modes was introduced.  

In chapter (3) the simulation studies have been done using MATLAB/SIMULINK 

program. Also, in this chapter the simulation results for open loop were introduced for 

CCM and DCM at different level of duty ratio. In addition to the simulation results for 

static load case of closed loop control system were explained at input voltage change, 

load change and reference voltage change. 

In chapter (4) the proposed converter has been demonstrated for experimental 

results for (CCM) and (DCM). Experimental studies are confirmed by implementing a 

laboratory platform. Also, this chapter shows the experimental analysis of closed loop 
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control for the proposed converter at static load performance under three tests input 

change, load change and reference voltage change. In addition to this chapter 

presented the closed loop control analysis at dynamic performance by using 

separately excited DC motor at voltage control and speed control to prove the 

converter able to operate with dynamic load as static load. This chapter also, 

introduced a comparison analysis to the proposed converter with other recent 

converters in terms of number of using components, voltage gain and switch voltage 

stress to ensure that the proposed has higher voltage gain and lower switch voltage 

stress in open loop condition. Supporting this comparative performance with 

graphical comparison between voltage gain with duty ratio and switch voltage stress 

versus duty ratio for the proposed and other structures.         

5.2 Future Work 

The work done in this thesis can be further extended such that new improvements 

can be found. The feasible options are  

- Modifying the converter structure by using other high gain techniques to improve 

the performance and to increase the voltage gain that make this converter suitable for 

several industrial applications. 

- Studying the converter performance with maximum power point tracking for real 

implementation PV system. 

- Using the proposed converter with grid connected PV system and study the 

performance of the system. 
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APPENDIX (A) 

MATLAB SIMULATION CIRCUITS 

simulation circuit for the proposed converter 

 

 
Simulation circuit for input change control 
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Simulation circuit for load change control 

 

simulation circuit for reference voltage change 
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(a) 

 

 

 
 

(b) 

Block diagram for closed loop controller 
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IGBT DATA SHEET 
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ؼيس قئ اىَنّ٘اخ اىَسرخذٍٔ ٗصيادٓ ٍسر٘ٙ ظٖذ اىخشض ٗقئ الاظٖاد ػيٚ اىَفراغ ٗاىصَاٍاخ 

 اىصْائئ ٗتاىراىٚ ذقو اىَفاقيذ ٗذضيذ اىنفاءٓ ىيَؽ٘اه اىَسرخذً.

 ذرنُ٘ ٕزٓ اىشساىٔ ٍِ خَسٔ فص٘ه ٗفيَا ييٚ ػشض ٍيخص ىَا ذؽر٘ئ فص٘ه اىشساىٔ:

 ل:انفصم الاو

يؼشض اىثاؼس ٍقذٍٔ ٗػشضا لإَئ ٍ٘ض٘ع اىشساىٔ ٗدساسٔ ىلاتؽاز اىساتقٔ اىَرؼيقٔ 

 تَ٘ض٘ع اىشساىٔ ٗإذاف اىشساىٔ ٗاسرؼشاض ىثقئ ات٘اب اىشساىٔ.

 انفصم انثاوى:

( CCMيششغ ٕزا اىفصو تاىرفصيو ذؽييو اىَؽ٘اه اىَقرشغ في ٗضغ اىر٘صيو اىَسرَش )

ٍِ ؼيس ٗصف اىَؽ٘اه ، ٗأٗضاع اىرشغيو ، ٗاشرقاق ( DCMٗٗضغ اىر٘صيو اىَرقطغ )

 ٍؼادىٔ ذنثيش اىعٖذ ، ٍْٖٗعيح اىرصَيٌ.

  انثانث:انفصم  

ّرائط اىَؽاماج ىنو ٍِ ٗضغ اىر٘صيو اىَسرَش ٗاىَرقطغ ٗمزىل ّرائط اىَؽامآ  يقذً ٕزا اىفصو

دساسح ذغييش  ه اىَقرشغ ػْذ اىؽَو اىسامِ. ؼيس ذَدااىرؽنٌ في اىؽيقح اىَغيقح ىيَؽ٘فٚ 

 . سامِاىَذخلاخ ٗذغيش اىعٖذ اىَشظؼي ٗذغييش اىؽَو في ٕزا اىفصو ىيؽَو اى

 انرابع:انفصم 

 ٗ CCM ىؽاىٔ اىر٘صيو اىَسرَش ٗاىَرقطغه اىَقرشغ اىيَؽ٘ ىؼَيئي٘ضػ ٕزا اىفصو اىْرائط ا

DCM ٘فٚ ؼاىٔ فٚ ؼاىٔ اىرؽنٌ اىؽيقٔ اىَغيقٔ ػْذ اىؽَو اىسام  اخرثاسٓ ذٌ يضاه ااٗاىَؽ ِ

 تاىْسثٔ اىٚاخرثاسٓ ٗذغييش اىؽَو ٗمزاىل ذغييش اىعٖذ اىَشظؼٚ ٗايضا اذغييش دخو اىَؽ٘اه 

.ٗاىرٚ ذٌ ذْفيزٕا ٍؼَييا ػيٚ اىرؽنٌ في اىسشػح ٗاىرؽنٌ في اىعٖذ في ؼاىح اىؽَو اىذيْاٍيني

(DSP-1104).ٗاىؽص٘ه ػيي اىْرائط ت٘اسطٔ ظٖاص الاٗسييسن٘ب 

 انفصم انخامس:

ٕزا اىفصو ٍْاقشٔ ىَا ذٌ اىؽص٘ه ػيئ فٚ اىشساىٔ ٍِ ّرائط. ٗذٌ اقرشاغ ّقاط تؽصئ يقذً 

 ٍسرقثيئ ماٍرذاد ىٖزا اىثؽس.

 

 

 

 

 

 

 

 



 

 

معزول نتطبيقات انغير حىال انجهذ انمستمر عانى انكسب ممقترح 

 انخلايا انفتىفىنتيً

 مهخص انرسانً:

 
اىصْاػٚ ٗصيادٓ اىنصافٔ اىسناّئ ادٙ اىٚ ػذً صيادٓ اىطية ػيٚ اىطاقٔ اىنٖشتئ ّريعٔ اىرقذً 

مفائ ٍصادس اىطاقٔ اىرقييذئ. ٗؼاىيا ذشمض الإرَاً ػيٚ اىْظٌ اىرٚ ذؼَو تَصادس اىطاقٔ اىعذيذٓ 

ٗاىَرعذدٓ خاصٔ اىطاقٔ اىشَسئ مثذيو ىيطاقٔ اىرقييذئ ؼيس اّٖا ٍر٘فشٓ فٚ مو ٍناُ فٚ ٍصش 

دٓ ٍصو الاػرَادئ ٗالاٍاُ ٗالاداء اىؼاىٚ ٗاّخفاض ذنيفٔ ٗىٖا ٍَيضاخ ػِ اىطاقٔ اىغيش ٍرعذ

 اىصيأّ ٗػذً ٗظ٘د ذناىيف اسرٖلاك اى٘ق٘د ٗايضا قئ اىري٘ز اىسَؼٚ.

مو ّظٌ اىطاقٔ اىشَسئ اىَ٘ظ٘دٓ فٚ اىس٘ق ذؼطٚ ظٖ٘د ٍْخفضٔ  ىنِ ٍرطيثاخ اىؽَو ذؽراض 

يعٖذ. ٕزا اىَؽ٘اه يرٌ ٗضؼٔ تيِ ىعٖ٘د اػيٚ ىزىل يرٌ اسرخذاً ٍؽ٘اه اىرياس اىسرَش سافغ ى

ؼيس اّٖا ذْظٌ ٗذشفغ ظٖذ اىخلايا اىشَسئ اىٚ اىعٖذ  َصذس ٗاىؽَو م٘ؼذٓ ذؽنٌ فٚ اىعٖذاى

 اىَطي٘ب. 

ْٕاك اىؼذيذ ٍِ اىرقْياخ ٗالاساىية اىَسرخذٍٔ ىرط٘يش اىَؽ٘الاخ ػاىئ اىنسة ىرؼطٚ ظٖ٘د 

ظٖذ اىخشض ضؼف ظٖذ اىذخو ٕٗزا اىعٖذ  ػاىئ ٍقاسّٔ تاىَؽ٘الاخ اىرقييذئ اىرٚ ذؼطٚ فقظ

قييو ظذا لا يْاسة ذطثيقاخ اىخلايا اىفر٘ف٘ىرئ تالاضافٔ اىٚ الاظٖاد اىؼاىٚ اىرٚ يْرط ػِ ٕزٓ 

اىَؽ٘الاخ اىرقييذئ ٗتاىراىٚ صيادٓ ٍفاقيذ اىر٘صيو ٗىزىل ذٌ اسرخذاً ٍؽ٘اه اىعٖذ اىَسرَش ػاىٚ 

 ٗه ٗالاخش غيش اىَؼضٗه .اىنسة ٗاىرٚ ذْقسٌ اىٚ ّ٘ػيِ ٍؽ٘اه ٍؼض

فٚ ٕزٓ اىشساىٔ ذٌ اسرخذاً َّ٘رض ٍقرشغ ىَؽ٘اه اىعٖذ اىَسرَش ػاىٚ اىنسة ٍِ اىْ٘ع اىغيش  

اىَؼضٗه تاسرخذاً ذقْئ اىَؽس اىَقطغ اىرٚ يَنْٖا ذ٘فيش ظٖذ ػاىٚ ػْذ اىخشض ٍْاسة 

ػاىئ ٍِ اىعٖذ ػْذ  ىَسر٘ياخ ظٖذ الاسرٖلاك . ٗذَراص ٕزٓ اىرقْئ ػِ غيشٕا تاػطاء ٍسر٘ياخ

 اىخشض تنفاءٓ ػاىئ ٍٗفاقيذ اقو ىيرغية ػيٚ ػي٘ب اىَؽ٘الاخ اىرقييذئ.

فٚ ٕزٓ اىشساىٔ ذٌ دساسٔ ٗذؽييو ماٍو ىيَؽ٘اه اىَقرشغ ٍِ ؼيس اٗضاع اىرشغيو ٗاىرؽييو 

 اىشياضٚ ىَؼادلاخ اىعٖذ ٗاىرياس ٗاسرْْراض ٍؼادىٔ ذنثيش اىعٖذ ىنو ٍِ ٗضغ اىر٘صيو اىَسرَش

(CCM( ٗايضا ٗضغ اىر٘صيو اىَقطغ )DCM.ىيرياس ) 

مَا ذٌ ػشض ّرائط اىَؽامآ ىيَقرشغ تاسرخذاً تشّاٍط اىَاذلاب ٗاىْرائط اىؼَيئ ٗاىرٚ ذٌ فيٖا 

( ٗذٌ ػَو ٍقاسّٔ (DSPاسرخذاً ملا ٍِ ظٖاص الاٗسيسين٘ب ٗظٖاص ٍؼاىط الاشاسخ اىرَاشيٚ 

 لاخشٙ ٗاىرٚ ذؤمذ ٍَيضاخ اىَقرشغ ػِ غيشٓ ٍِىيَؽ٘اه اىَقرشغ ٍغ غيشٓ ٍِ اىَؽ٘الاخ ا



 

 

 
 

 

مقترح محىال انجهذ انمستمر عانى انكسب غير انمعزول نتطبيقات 

 انخلايا انفتىفىنتيً
 

 سساىٔ ٍقذٍٔ ٍِ

  

سرحان محمذ انمهىذسً/ ايمان محمذ عبذانغىى  

 

/ ظاٍؼٔ الاصٕش2012تناى٘سي٘ط اىْٖذسٔ   

 

 ىيؽص٘ه ػيٚ دسظٔ اىَاظسريش

اىْٖذسٔ اىنٖشتئفٚ   

 

 

 ىعْٔ اىؽنٌ ٗاىَْاقشٔ

 

د / عزي محمذ لاشيه                                           0ا ا.د/ عىض انسيذ انسبع  

اسرار اىنرشّٗياخ اىق٘ٙ تقسٌ اىْٖذسٔ اىنٖشتئ     اسرار اىنرشّٗياخ اىق٘ٙ تقسٌ اىْٖذسٔ اىنٖشتئ  

  ميئ اىْٖذسٔ تشثيِ اىنً٘                                ميئ اىْٖذسٔ تشثيِ اىنً٘

  ظاٍؼٔ اىَْ٘فئ                                             ظاٍؼٔ اىَْ٘فئ

        (                            ) (                         ) 

 

 ا.د / محمىد محمذ سانم

 اسرار اىنرشّٗياخ اىق٘ٙ 

ذنْ٘ى٘ظيا اىصْاػٔ ٗاىطاقٔ مييحػَيذ   

ظاٍؼح اىذىرا اىرنْ٘ى٘ظئ تق٘يسْا     

(                          ) 
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معزول نتطبيقات انغير مقترح محىال انجهذ انمستمر عانى انكسب 

 انخلايا انفتىفىنتيً
 

 سساىٔ ٍقذٍٔ ٍِ

  

سرحانمحمذ انمهىذسً/ ايمان محمذ عبذانغىى   

 

/ ظاٍؼٔ الاصٕش2012اىْٖذسٔ تناى٘سي٘ط   

 

 ىيؽص٘ه ػيٚ دسظٔ اىَاظسريش

 فٚ اىْٖذسٔ اىنٖشتئ

 

 

 ذؽد اششاف

 

 ا.د/ عىض انسيذ انسبع

 اسرار اىنرشّٗياخ اىق٘ٙ تقسٌ اىْٖذسٔ اىنٖشتئ

 ميئ اىْٖذسٔ تشثيِ اىنً٘ 

 ظاٍؼٔ اىَْ٘فئ 

(                           ) 

 

 

د/ ديىا شعبان عشيبً                                                 د/ عرفً سيذ مىصىر              

 اسرار ٍساػذ تقسٌ اىْٖذسٔ اىنٖشتئ                                اسرار ٍساػذ تقسٌ اىْٖذسٔ اىنٖشتئ 

ميئ اىْٖذسٔ تشثيِ اىنً٘                                                ميئ اىْٖذسٔ تشثيِ اىنً٘          

ظاٍؼٔ اىَْ٘فئ                                                                ظاٍؼٔ اىَْ٘فئ          

    (                      )                                                    ) )         
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