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During last decades, device technology has evolved rapidly from planar devices towards complex 3D 
structures fabricated using new materials and processes with ever decreasing dimensions. The 3D 
nanoscale nature of these structures and their heterogeneity provides considerable challenges for all 
areas of metrology. Metrology methods must now routinely measure near and at atomic scale 
dimensions which require a thorough understanding of nano-scale materials properties and of the 
physics involved in making the measurement. Metrology for Front end processes is continuously 
challenged for measurements aimed at probing new channel materials including SiGe, Ge, III-V film 
stacks, higher dielectric constant materials, dual work function metal gates, and new ultra shallow 
junction doping processes in very confined volumes. 3D device structures such as FinFETs place 
significantly more difficult requirements on dimensional and doping metrology. These challenges 
become even more prominent when exploring advanced memory devices RRAM where minute amounts 
of migrating material determine the electrical state of the memory cell. 

In this tutorial we will discuss a number of methods emerging as suitable solutions for these kind of 
applications with a particular emphasis on Front End metrology and device analysis. We will discuss the 
underlying physics of the metrology concepts used as these identify the origin of their limitations. 

The tutorial will introduce the following topics: 

1. Secondary Ion Mass Spectrometry : ion-solid interactions, depth resolution limitations, 
quantification, EXLE-SIMS, GCIB-SIMS, SIMS for Fins, self-focusing SIMS 

2. Scanning Probe Microscopy : Scanning Spreading Resistance Microscopy, Conductive Atomic Force 
microscopy, Scalpel AFM, 3D-SSRM, GCIB-SSRM 

3. Atomprobe Tomography : basics of image formation, laser-tip interactions, reconstruction, cluster 
analysis,  

4. Transmission Electron Microscopy and Scanning Transmission Electron Microscopy : imaging, defect 
imaging, elemental analysis, strain measurements, 3d-tomography, holography 
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