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Problems and solutions for CMOS evolution
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Size variation
Side wall roughness 

Gate leakageDopant fluctuation

Major Issues
•Simple scaling no more works well.

⇨Technology boosters (New materials) : Ion ↗ Ioff↘
•Variability increases.

To understand, predict, design and control new technologies while minimizing variation,
Characterization and metrology of  local properties and structures are needed.
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Metrology and Characterization with High-spatial Resolution
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High-Precision CD Metrology by AFM 
CD-AFM with Laser interferometer
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S. Gonda et al., Characterization and 
Metrology for ULSI Tech., 2005

3D AFM scanner: parallel spring mechanism.
Laser interferometer: DSP-based processing.
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Sidewall and line edge roughness 
measured by tilt-step-in operation

K. Murayama et al, SPIE, 2006
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Strain distribution

Inherent Spatial Resolution
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NBD (NanoBeam electron Diffraction)
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λ= 675 nm
for AFM
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Analysis using polarization dependence of Raman scattering
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Raman scattering excited by metal-particle-topped AFM-probe
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Local Strain Metrologies
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STM for dopant profiling

⇒ Scanning Tunneling Microscopy（STM）
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Spatial resolution for 2D/3D dopant profile better than 2.8 nm by 2007 (ITRS 2005)
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STM observation on atomically flat and hydrogenated surface
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Key process
Flattening and hydrogenation of 

(111) surface
by aqueous NH4F treatment
followed by dopant reactivation 

at ~400°C

Nishizawa,  J. Vac. Sci. Technol. B24 (2006)  365 

STM Topography : height image
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Simultaneous measurement of potential and dopant atom
n p
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Quantitative potential profiling by I-V measurements
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Resonant Tunneling Measurement of Local Potential
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Two-dimensional dopant profiling methods
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Conclusion 

For further extension of CMOS evolution
• To implement new booster technologies and to minimize 

variation, characterization and metrology of  local 
properties and structures are needed. 
– e.g., CD & LER, Local strain in Si, Dopant distributions

• Various methods must be comprehensively used;
– Optical, SEM/TEM, Scanning probe

in conjunction with Simulations (TCAD),
because no single method can give complete information in 

nm regions.
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