CONTENTS

1

8

INTRODUCTION 5
1.1 Fractional Calculus in Electrical ENGINEEIING.....cccciiuiiiiiieiie e 5
1.2 RESEAICH O ECTIVES. . .ii ittt e be et e et e e sre e e e e nreeanreenes 6
A SURVEY ON FRACTIONAL-ORDER ELEMENTS AND DEVICES 7
2.1 Discrete Element Realizations of Fractional-Order Elements........cccoovviiiieninie e, 9
2.2 Development of Fractional-Order DEVICES......cocuiiieiie e 9
SYNTHESIS AND OPTIMIZATION OF FRACTIONAL-ORDER ELEMENTS USING

A GENETIC ALGORITHM 10
3.1 Optimization and Verification 0T FO C ..o s 10
3.2 Optimization and Verification 0T FO L.......ccccoiiiiiic e 1
TR I B 1 1oV 3 o] 1T SRS 12
ANALOG IMPLEMENTATION OF FRACTIONAL-ORDER PIACONTROLLERS 13
4.1 Fractional- Order PI* Controller DeSIGN ......oo it 13
4.2 SIMUIALION RESUITS....oiiiiiiiii et e e e e e e sneeanreennes 14
FABRICATION OF A FRACTIONAL-ORDER CAPACITOR 15
S T0 R 1 1= o Yo o SRS 16
5.2 Characterization 0T the DEVICE......eciiii et ree e 17
5.3 RESUILS @N0 DISCUSSIONS....c.uiiiiiieitieitieeitee sttt e st te e re e te e st e e sbe e sae e e sbeesreeateesseeebeeaseeabeesneeens 17
ANALYSIS AND VERIFICATION OF IDENTICAL- AND ARBITRARY-ORDER
SOLID-STATE FRACTIONAL-ORDER CAPACITOR NETWORKS 18
6.1 Mathematical Description 0fn FOCS CONNECLION.......coiiiiieiiiiiirie e, 18
6.2 Experimental VerifiCatioN. ... st 20
6.3 Brief DisCUSSION OT RESUILS.....ccoiiiiiiic e e 21
DESIGN AND IMPLEMENTATION OF FRACTIONAL-ORDER OSCILLATORS 21
7.1 Compact MOS-RC Voltage-Mode OSCIHIAtOrS........ccccveiiieiiiceece e 21
7.2 CMOS-RC Colpitts Oscillator Design Using Floating Fractional-Order Inductance

Y 1 (V=Y o PP SPRRSR 23
7.3 Fractional-Order Wien OSCIHIAtOrN.........ooiiiiic e 24
CONCLUSIONS 25

BIBLIOGRAPHY 26



