
Contents – Volume VIII

1 Background-Free Apertureless Near-Field Optical Imaging
Pietro Giuseppe Gucciardi, Guillaume Bachelier,
Stephan J. Stranick, Maria Allegrini . . . . . . . . . . . . . . . . . 1

1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Principles of Apertureless SNOM . . . . . . . . . . . . . . . . . . 3
1.2.1 The Homodyne Apertureless SNOM Concept . . . . . . . . . . . . 5
1.2.2 The Heterodyne and Pseudo-Heterodyne Apertureless

SNOM Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.3 Interpretation of the Measured Near-Field Signal
in the Presence of a Background . . . . . . . . . . . . . . . . . . . 9

1.3.1 Noninterferometric Detection . . . . . . . . . . . . . . . . . . . . . 9
1.3.2 Interferometric Detection . . . . . . . . . . . . . . . . . . . . . . . 12
1.3.3 Artifacts in Apertureless SNOM and Identification Criteria . . . . 14
1.3.4 New Techniques for Background Removal . . . . . . . . . . . . . 17

1.4 Applications of Elastic-Scattering Apertureless SNOM. . . . . . . 17
1.4.1 Material-Specific Imaging . . . . . . . . . . . . . . . . . . . . . . 18
1.4.2 Phase Mapping in Metallic Nanostructures and Optical Waveguides 19
1.4.3 Tip-Induced Resonances in Polaritonic Samples . . . . . . . . . . 22
1.4.4 Applications to Identification of Biosamples . . . . . . . . . . . . 24
1.4.5 Subsurface Imaging and Superlensing . . . . . . . . . . . . . . . . 25

1.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2 Critical Dimension Atomic Force Microscopy
for Sub-50-nm Microelectronics Technology Nodes
Hao-Chih Liu, Gregory A. Dahlen, Jason R. Osborne . . . . . . . 31

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.1.1 AFM for Semiconductor and Data Storage Industries . . . . . . . . 32
2.1.2 Scanning Modes: Tapping Versus Deep Trench and CD Mode . . . 32
2.1.3 Specialty Probes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.2 Reference Metrology System and Semiconductor Production . . . 34
2.2.1 Requirements for Metrology Tools . . . . . . . . . . . . . . . . . . 37



VIII Contents – Volume VIII

2.2.2 AFM as a Reference Metrology System . . . . . . . . . . . . . . . 37
2.2.3 AFM as an In-Line Metrology System . . . . . . . . . . . . . . . . 39

2.3 Image Analysis for Accurate Metrology . . . . . . . . . . . . . . . 40
2.3.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
2.3.2 Conventional Tip Characterization and Image Reconstruction . . . 41
2.3.3 CD Tip Shape Parameters . . . . . . . . . . . . . . . . . . . . . . . 44
2.3.4 CD Tip Shape Characterization Techniques . . . . . . . . . . . . . 44
2.3.5 CD Image (Reentrant) Reconstruction Algorithms . . . . . . . . . 47

2.4 Metrology Applications . . . . . . . . . . . . . . . . . . . . . . . . 52
2.4.1 Examples within Process Control . . . . . . . . . . . . . . . . . . 52
2.4.2 “Fingerprinting” of Sample Features . . . . . . . . . . . . . . . . . 54

2.5 Developments in Probe Fabrication . . . . . . . . . . . . . . . . . 60
2.5.1 Tip–Sample Interactions: Tip Shape, Stiffness, and Tip Wear . . . 61
2.5.2 Tip Wear and Surface Modification . . . . . . . . . . . . . . . . . 64
2.5.3 Application-Oriented Probe Designs . . . . . . . . . . . . . . . . . 67

2.6 Outlook: CD AFM Technologies for 45-/32-/22-nm Nodes . . . . 70
2.6.1 Measuring Sub-50-nm Devices: System Requirements . . . . . . . 70
2.6.2 Probe Technology for 45-/32-nm Structures . . . . . . . . . . . . . 71

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

3 Near Field Probes: From Optical Fibers to Optical Nanoantennas
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