
Contents

Foreword xi

Preface xii

Acknowledgments xiii

0 Introduction

0-1 HistoricalDevelopment and General Review 2

0-2 Fundamental Rules and Basic Equations 4

Reference 11

1 The Electron Optical Imaging System and Its Aberrations

1-1 Fundamentals 14

1-1-1 RotationallySymmetric Electrostaticand Magnetic Fields 14

1-1-2 ElectronTrajectoriesin StaticElectricand Magnetic Fields 19

1-1-3 Gaussian Dioptrics 24

1-1-4 ElectronLenses 35

1-2 Geometrical Aberrationsof RotationallySymmetric ElectronOpticalSystems 46

1-2-1 The Descriptionand Calculationof Aberrations 46

1-2-2 The Geometrical AberrationFigures 57

1-3 Chromatic, Asymmetric and DiffractionAberration 69

1-3-1 Chromatic Aberrations 69

1-3-2 Asymmetric Aberrations 74

1-3-3 DiffractionAberrations 81

1-4 The Measurement and Correctionof Aberrations 92

1-4-1 The Measurement of Aberrations 92

1-4-2 Correctionof Aberrations 100

1-5 Asymptotic Aberrationsof RotationallySymmetric Lenses 101

1-5-1 The Descriptionand Calculationof Asymptotic Aberrations 101

1-5-2 TransferPropertiesof Aberrationsin MultilensSystems 109

1-6 The Linear Transformationof Gaussian TrajectoryParameters and ItsInfluence

upon Aberrations 117

References 122

2 The Electromagnetic Deflection System and Its Aberrations

2-1 Fundamentals of the Magnetic DeflectionSystem 126

2-1-1 Structureand FieldDistributionof Magnetic DeflectionSystems 126

2-1-2 The VariationalPrincipleand TrajectoryEquation 130

2-1-3 Gaussian DeflectionProperties 132



CONTENTS

2-2 Third Order Aberrationsof Magnetic DeflectionSystems 134

2-2-1 Third Order AberrationFormulae and Coefficients 134

2-2-2 Classificationof the Third Order Aberrationsand Their Figures 140

2-2-3 Measurements of Magnetic DeflectionAberrations 148

2-3 Fundamentals of the ElectrostaticDeflectionSystem and ItsAberrations 151

2-3-1 Structureand FieldDistributionof ElectrostaticDeflectionSystems 151

2-3-2 The VariationalPrincipleand TrajectoryEquation 154

2-3-3 Classificationof the Third Order Aberrationsand Their Figures 156

2-4 The Combined System (Magnetic Round Lens with Magnetic Deflector)

and ItsAberrations 158

2-4-1 General Expressionfor Magnetic Fieldand VariationalFunction 158

2-4-2 Gaussian Trajectoryand theThird Order AberrationEquation 161

2-4-3 Third Order AberrationsExpressed by F4C 167

2-4-4 Third Order AberrationsExpressed by F4D 172

2-5 The Combined System (ElectrostaticRound Lens with Magnetic Deflector)

and Its Aberrations 175

2-5-1 The ElectrostaticField,VariationalFunction and TrajectoryEquation 176

2-5-2 The Third Order Aberrationsfor ElectrostaticCombined Systems 178

2-6 Applicationsof theTheory forthe Combined System 181

2-6-1 The Aberrationsof a Combined System with Pre-deflection 181

2-6-2 The Moving Objective Lens in the Scanning ElectronBeam System 184

References 186

3 The Electromagnetic Multipole System and Its Aberrations

3-1 General ExpressionsforElectrostaticand Magnetic Fields 188

3-1-1 The SeriesExpansion forthe ElectricPotential

of NonrotationallySymmetric ElectricFields 188

3-1-2 The SeriesExpansions forMagnetic Scalarand Vector Potentialsof

NonrotationallySymmetric Magnetic Fields 193

3-2 Analysisand Calculationof StaticElectromagneticMultipoleFields 198

3-2-1 The General Expression fortheElectricand Magnetic Potentials

in CylindricalCoordinates 198

3-2-2 The Analysisand Calculationof ElectromagneticMultipole Fields 202

3-3 ElectronOpticalPropertiesand Geometrical AberrationsforElectromagnetic

Multipole Systems 205

3-3-1 The General VariationalFunctionand ItsExpansion 205

3-3-2 Gaussian TrajectoryEquationand Gaussian Dioptrics 210

3-3-3 The AberrationEquation and Real AberrationCoefficients(Spherical

Aberrationand Distortion) 216

3-3-4 The AberrationPatternsof SphericalAberrationsand Distortions 220

3-4 Asymptotic Aberrationsof Quadrupole Lenses 224

3-5 Chromatic Aberrationof ElectromagneticMultipole Systems 229

3-6 Applicationsof the Multipolesas an AberrationCorrector 233

3-6-1 AberrationCorrectionin Fixed ElectronBeam Systems 235

3-6-2 AberrationCorrectionin Scanning ElectronBeam Systems 239

3-7 Image DefectsCaused by Imperfectionsin Manufacture and Alignment 242

3-7-1 The ScalarPotentialDistributionand the FirstOrder Trajectory

Equation for Magnetic Quadrupoles 243

3-7-2 AberrationEquations and AberrationCoefficients 248

References 250



CONTENTS

4 The Ion Optical System and Its Aberrations

4-1 Fundamentals 254

4-1-1 Electrostaticand Magnetic Fields 254

4-1-2 The Principleof Variationand the TrajectoryEquation 266

4-2 Ion Lenses and Gaussian Dioptrics 272

4-2-1 Gaussian Dioptricsof Sector Fieldswith PerpendicularEntrance

and Exit 273

4-2-2 Gaussian Dioptricsof SectorFieldswith Oblique Entranceand Exit 280

4-2-3 FirstOrder Theory of Double Focusing Spectrometers 285

4-3 The Second Order AberrationTheory 294

4-3-1 The Second Order Trajectoryand Aberrationfor Cylindrical

ElectricFields 295

4-3-2 The Second Order Trajectoryand AberrationforToroidal

ElectricFields 301

4-3-3 The Second Order Trajectoryand Aberrationfor Homogeneous

Magnetic Fields 306

4-3-4 The Second Order Trajectoryand AberrationforInhomogeneous

Magnetic Fields 311

4-3-5 The Second Order Trajectoryand AberrationforCrossed Toroidal

Electricand Inhomogeneous Magnetic Fields 316

4-4 Generalizationof the Second Order AberrationTheory 328

4-4-1 Method of Matrix Calculationin Ion Optics 328

4-4-2 The Oblique Entrance and Exit 333

4-4-3 Curved Field Boundaries 341

4-4-4 The Effectof FringingFields 345

4-4-5 LiouvilleTheorem and ItsConsequences 356

4-5 Developments in Double Focusing Mass Spectrometers 359

References 364

5 Computer Aided Design of Electron and Ion Optical Systems

5-1 Calculationof ElectromagneticFieldsby the FiniteDifferenceMethod 368

5-1-1 Fundamentals and Formulae 368

5-1-2 Successive OverrelaxationIteration 372

5-1-3 Calculationof Potentialand Field Strength.Plottingof Equipotential 374

5-2 Calculationof ElectromagneticMultipole Fieldsby the Fourier

Expansion Method 379

5-2-1 FourierExpansions forMultipole Fields 379

5-2-2 The Configurationsof Multipole Fieldsand Boundary Conditions 380

5-2-3 The SuccessiveOverrelaxationMethod forMultipole Fields 385

5-2-4 The Plottingof Equipotentialand Flux 387

5-3 The Calculationof ElectromagneticFieldsby the FiniteElement Method 390

5-3-1 The Calculationof the Magnetic ScalarPotentialfor Unsaturated

Magnetic Lenses 390

5-3-2 The Calculationof FieldDistributionsThroughout EntireMagnetic

Circuitsin Unsaturated Magnetic Lenses 396

5-3-3 The Calculationof FieldDistributionsThroughout EntireMagnetic

Circuitsin SaturatedMagnetic Lenses 400



CONTENTS

5-4 The Calculationof Charged ParticleTrajectories 401

5-4-1 The Statement of theProblem 401

5-4-2 Runge-Kutta Single-StepMethods 404

5-4-3 Hamming MultistepMethods 408

5-5 The Calculationof Gaussian OpticalParameters and AberrationCoefficients 411

5-5-1 The Solutionof Gaussian TrajectoryEquations 411

5-5-2 The Calculationof Gaussian OpticalParameters 413

5-5-3 The Calculationof AberrationCoefficients 417

References 421

Appendix: AdditionalRecent Publicationsby the Author (1982-1985) 423

Index 427


	page1
	page2
	page3
	page4

