


Contents

Preface xiii

Chapter1 IntroductiontotheTechnologyofMicrowave
IntegratedCircuits 1

1.1 Definitionsand Representationsof MicrowaveIntegrated
Circuits 1

1.2 FieldsofApplicationand Limitations 11
1.3 CircuitExamples 12
1.4 Substrates 20

1.4.1 CriteriafortheChoiceof SubstrateMaterial 20
1.4.2 Surveyof SubstrateMaterial 23
1.4.3 Aluminum Oxide Ceramic 28
1.4.4 Measurementsof theRelativePermittivityand

LossFactorof Substrates 31
1.4.5 MatchingofCeramicSubstrates 37

1.5 ProductionMethods(Technology)forMICs 38
1.5.1 Introduction 38
1.5.2 EtchingTechnologyLaminatedPlasticPlates 38
1.5.3 Thin-FilmHybridCircuits 41
1.5.4 Thick-FilmHybridCircuits 59
1.5.5 Semiconductor-SapphireTechnology 61
1.5.6 MonolithicMICs 63

1.6 Packagingand ElectricalConnections 75
1.6.1 PackageRequirements 75
1.6.2 ConstructionofHigh FrequencyTransitions 76
1.6.3 HousingTechniques 78
1.6.4 ElectricalExplanationof Microstrip-Coaxial

Transitions 80
1.6.5 Measurementof theReflectionCoefficientsof

Transitions 84
1.6.6 SpecialForms ofTransitions 86

1.7 Components forMicrowaveIntegratedCircuits 88



1.7.1 Stripline 88

1.7.2 CircuitComponents for Microstrip Circuits 91

Chapter 2 General StriplineCharacteristics 95

2.1 Modes on Stripline 95

2.1.1 Review 95

2.1.2 TEM Lines and TEM Modes 95

2.1.3 Quasi-TEM Lines and Quasi-TEM Modes 96

2.1.4 Planar Lines with General Hybrid Modes

(Nonquasi-TEM Modes) 99

2.2 Approximation: SlightlyLossy TEM Lines 99

2.3 Static(TEM) Approximation for Striplineswith

Inhomogeneous Dielectrics 103

2.3.1 CharacteristicImpedance and Phase Velocity 103

2.3.2 EffectivePermittivity 105

2.3.3 DielectricFillingFactor 106

2.4 Losses of StripTransmission Lines with Inhomogeneous

DielectricsUsing the StaticApproximation 109

2.4.1 Introduction 109

2.4.2 Skin Effect 109

2.4.3 Conductor Losses 111

2.4.4 DielectricLosses 116

2.4.5 Leakage Losses 117

2.5 Approximations for the StaticAnalysis of Quasi-TEM

Lines 118

2.5.1 Review 118

2.5.2 Modified Conformal Representation Allowing

for DielectricEdges 119

2.5.3 Method of Superposition of Partial

Capacitances 121

2.5.4 Conversion of CircuitParameters for Other

Substrate Permittivities 122

2.6 CharacteristicImpedance Definitionfor Quasi-TEM Lines 124

2.6.1 Introduction 124

2.6.2 CharacteristicImpedance Definitionsfrom

Current, Voltage, and Power 125

2.6.3 Other CharacteristicImpedance Definitions 127

2.7 Scaling Rules for Linear Increase of CircuitDimensions 128

2.7.1 Linear Increase in CircuitCross Section 128

2.7.2 Linear Expansion of Three-Dimensional

Conductor Structures 133

Chapter 3 Transmission-Line Parameters for Microstrip with an

Isotropic DielectricSubstrate 135



3.1 Introduction 135
3.2 CharacteristicImpedance and EffectivePermittivityUsing

the StaticApproximation 138
3.2.1 Numerical StaticAnalysisof Microstrip 138

3.2.2 Equations forthe CharacteristicImpedance and
EffectivePermittivityforZero Strip-Conductor
Thickness 144

3.2.3 CharacteristicImpedance of Microstripwithout

SubstrateforZero Transmission-LineThickness 152
3.2.4 Transmission-LineParameters of Microstrip

IncludingFiniteConductor Thickness 154

3.2.5 StaticPlanarWaveguide Model forMicrostrip 160
3.3 CharacteristicImpedance and EffectivePermittivityby

Using the Hybrid-Mode Analysis 162
3.3.1 Hybrid-Mode Analysisby Using Numerical

Methods 162

3.3.2 Various CharacteristicImpedance Definitionsin
Dynamic Analyses 163

3.3.3 DispersionEquations forthe Effective

PermittivityDispersionModel 167
3.3.4 Dynamic PlanarWaveguide Model for

Microstrip 174

3.3.5 DispersionModel forthe Characteristic
Impedance 175

Chapter 4 Higher Order Modes on Microstrip 181
4.1 Introduction 181
4.2 Higher Order Modes from the Coplanar Waveguide Model 183

Chapter 5 Effectsof MetallicEnclosure on theTransmission
Parameters of MicrostripTransmissionLines 189

5.1 Effectof the Conductive Cover 189

5.2 Effectof Housing SideWalls 189

Chapter 6 Lossesin Microstrip 193
6.1 Conductor Losses 193

6.1.1 Introduction 193

6.1.2 AttenuationEquations According to the
IncrementalInductanceRule 194

6.1.3 Asymptotic Value forConductor Attenuation
CoefficientforLarge Conductor Widths 196

6.1.4 Influenceof the Adhesive Layer on the
Conductor Losses 196

6.1.5 Influenceof SubstrateSurfaceRoughness on
Conductor Losses 198



6.2 DielectricLosses 200

6.3 Leakage Losses 201

Chapter 7 Measurement of Transmission-Line Parameters in

Microstrip Lines 205

7.1 Introduction 205

7.2 Ring Resonator Method 205

7.3 StraightResonator Method 208

7.4 Other Measurement Methods 210

Chapter 8 Microstrip Transmission Lines on Anisotropic Dielectric
Substrates 213

8.1 Introduction 213

8.2 PermittivityTensor for Anisotropic DielectricSubstrates 214

8.3 Microstrip Transmission Lines on Uniaxial Anisotropic

Substrate with the PrincipalAxis Perpendicular to the

Substrate Surface 216

8.3.1 StaticApproximation of Guided Modes 216

8.3.2 Equivalent Transformation for Static

Transmission-Line Parameters 217

8.3.3 Dispersion with Sapphire as Substrate 220

8.4 Generalized Equivalent Transformation for Static

Analysis: General Expression for Any PrincipalAxis

Orientation 223

Chapter 9 Coupled Microstrip on DielectricSubstrate 225

9.1 Introduction 225

9.2 Transmission-Line Parameters Using the Static

Approximation 227

9.2.1 Relations between the Primary Transmission-

Line Constants and the Line Parameters 227

9.2.2 Transmission-Line Parameters Determined by

StaticNumerical Analysis 233

9.2.3 Conversion of Transmission-Line Parameters

for Different Substrate 240

9.2.4 Asymptotic Behavior of Transmission-Line

Parameters 240

9.2.5 Equations for StaticTransmission-Line

Parameters 242

9.3 Frequency Dependence of Transmission-Line Parameters

(Hybrid-Mode Analysis) 245

9.3.1 Transmission-Line Parameters from Numerical

Hybrid-Mode Analysis 245

9.3.2 Dispersion Equations 247



9.4 Transfer Characteristicsof a Microstrip Transmission Line 248

9.4.1 Ideal Reverse Directional Coupler (TEM

Coupler) 248

9.4.2 General ScatteringParameters of a Nonideal

Coupling Section with Inhomogeneous

Dielectricfor Arbitrary Terminations 252

9.4.3 Microstrip Coupler Section Operating as

Quasireverse-DirectionalCoupler (Quasi-TEM

Coupler) 254

9.5 Modified Microstrip Coupling Section for Higher Coupling

and Improved Directivity 260

9.5.1 Modified Coupling Section Suitable for 3 dB

Couplers 260

9.5.2 Weakly Coupled Sections with Increased

Directivity 261

9.6 Distortionof Directivityand Reflection Coefficientsof

Directional Couplers Due to Reflections at Transitions 264

Chapter 10 Microstrip Discontinuities 267

10.1 Introduction 267

10.2 Open-Ended Microstrip 268

10.2.1 ElectricalBehavior, Analysis Methods 268

10.2.2 Design Equations 270

10.3 Step in Conductor Width 272

10.3.1 ElectricalBehavior, Analysis Methods 272

10.3.2 StaticAnalysis of the Original Structure 274

10.3.3 Hybrid-Mode Analysis with the Planar

Waveguide Model Using the Fundamental

Mode 275

10.3.4 Accounting for the Fringing ElectricFieldsin

Analysis of the Planar Waveguide Model 278

10.3.5 Dynamic Analysis with the Planar Waveguide

Model Including Higher Order Modes 279

10.3.6 Special Shapes of Changes in Conductor Width 281

10.4 Symmetrical Right-Angle T-Junctions 282

10.4.1 ElectricalBehavior, StaticAnalysis of Original

Structure 282

10.4.2 Hybrid-Mode Analysis with the Planar

Waveguide Model for the Fundamental Mode 284

10.4.3 Hybrid Mode with the Planar Waveguide Model

for Higher Order Modes 288

10.4.4 Special Shapes of T-Junctions 289



10.5 Bends 290
10.5.1 ElectricalBehavior,Compensation Methods 290

10.5.2 Right-AngleBend withoutCorner Chamfering
(Uncompensated) 292

10.5.3 Compensated Right-AngleBend 293
10.5.4 SpecialShapes of Bends 296

10.6 Short Circuits 298
10.6.1 ElectricalBehavior,EquivalentCircuits 298

10.6.2 AnalysisUsing the PlanarWaveguide Model 301
10.6.3 SpecialShape of Short Circuits 305

10.7 A Gap in theStripConductor 306

Chapter 11 Radiationfrom MicrostripCircuits 311
11.1 Introduction 311

11.2 Radiationfrom StripDiscontinuitiesand Transitions 313
11.2.1 Radiated Power of VariousDiscontinuities 313
11.2.2 RadiationConductances and Resistances 317

11.2.3 Radiationfrom Transitions 319
11.2.4 FurtherRadiationCalculationsforan Open

Circuit 320
11.3 Radiationfrom Resonators and Antennas 321

11.3.1 Radiationfrom Transmission-LineResonators 321

11.3.2 Radiationfrom Disk Resonatorsand Antennas 323

Chapter 12 Microstrip-LineVariations 325

12.1 MicrostripwithTuning Septa 325
12.2 ShieldedMicrostripLine 328
12.3 SymmetricalDouble-StripTransmissionLine 331

12.4 Suspended-SubstrateLines 332
12.4.1 Single-StripSuspended-SubstrateLines 332
12.4.2 High-Q StripTransmissionLine(Dielectric

Supported Air StripTransmissionLine 333

12.4.3 SpecialForms of Suspended-SubstrateLines 336
12.5 Stripline 337

12.5.1 CharacteristicImpedance of SingleStripline 337
12.5.2 Lossesof SingleStripline 342
12.5.3 FurtherProblems 343

12.5.4 SpecialForms of Stripline 345
12.5.5 Edge-Coupled Striplines 346

12.6 SymmetricallyShieldedStripline 349

Chapter 13 Coplanar TransmissionLines 351
13.1 Coplanar Waveguide (withInfinitelyWide Ground

Conductors) 351



13.1.1 Introduction 351

13.1.2 Transmission-Line Parameters for Infinite

Substrate Thickness 352

13.1.3 Transmission-Line Parameters for Finite

Substrate Thickness 353

13.1.4 Losses 357

13.1.5 Special Types of Coplanar Waveguides 359

13.2 Coplanar Waveguide with FinitelyWide Ground

Conductors 359

13.3 Symmetrical Double-Strip Coplanar Waveguide 362

13.3.1 Introduction 362

13.3.2 Transmission-Line Parameters forInfinite

Substrate Thickness 363

13.3.3 Transmission-Line Parameters for Finite

Substrate Thickness 364

13.3.4 Losses 367

13.4 Double-Strip Coplanar Waveguide with InfinitelyWide

Ground Conductors 368

13.5 Asymmetrical Double-Strip Coplanar Waveguide 370

13.6 Auxiliary Curves of EllipticalIntegralsfor Use in

Determining Coplanar and StripTransmission-Line

Parameters 373

Chapter 14 Slotline 377

14.1 Slot Mode Properties and Transmission-Line Parameters 377

14.2 Losses 383

14.3 Frequency Dependence of Lateral Field Penetration 384

14.4 Special Forms of Slotlinesand SlotlineComponents 387

Chapter 15 Spurious Modes in StripTransmission-Line Circuits 389

15.1 Surface Waves in Uncovered Microstrip Circuits 389

15.1.1 Introduction 389

15.1.2 Discontinuity Coupling 389

15.1.3 Characteristicsof Surface Waves 390

15.1.4 Synchronous Coupling 391

15.1.5 Suppression of Surface Waves 393

15.2 Waveguide Modes in Enclosed Microstrip CircuitHousings 394

15.2.1 Review of ParasiticWaveguide Modes 394

15.2.2 LSM Modes in a Circuit Housing 396

15.2.3 Cavity Resonances of LSM Modes 398

15.2.4 Cavity Resonances of the Fundamental LSE

Mode 398



15.2.5 Suppressionof CavityResonances,Effectof
StripConductors 399

15.3 WaveguideModes in EnclosedSuspended-Substrate
Circuit 400

Glossary 405

Bibliography 421

Index 511


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

