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measurement/characterization techniques for nanoelectronics

Source Drain

To understand and control nanoelectronics devices while minimizing variation,
Characterization and metrology of  local properties and structures are needed.

Nanoelectronics: Exploitation of Nanostructures for Information Processing
⇒ Performance is sensitive to structures.

Metal nano gap 

Nano-wire transistors 
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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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operation

Sidewall and line edge roughness 
measured by tilt-step-in operation

K. Murayama et al, SPIE, 2006
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Strain distribution

T. Ghani et al., IEDM (2003) 978
pMOS nMOS

T. Numata et al.,MIRAI, IEDM (2004)177
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Local strain measurement by electron beam diffraction
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Usuda, Materials Sci. Eng. 
B124–125 (2005) 143
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λ= 675 nm
for AFM

To spectrometer

Position-
sensitive
detector

AFM probe

λ= 364 nm

Confocal/probe-excited UV Raman microscope for local strain analysis
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Compressive stress

2D Raman mapping
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Poborchii, Appl. Phys. Lett. 89 (2006) 233505

1 µm

Excitation
λ=364 nm, φ～130 nm

Raman scattering

Si
SiO2

Raman shift：
１／λout－１／λin
= phonon vibration
For strainε in Si

Δ( １／λ)＝723 ε cm-1
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Analysis using polarization dependence of Raman scattering
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R
am

an S
hift (1/cm

)

×103

Raman scattering excited by metal-particle-topped AFM-probe

Excitation light
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Poborchii, JJAP Exp Lett. 44 (2005) L202
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Vs = -2.8V

n pnp

Vs = +2.8V

Si(111) 10Ωcm

p-type ～1-2×1018cm-3

As 2-3×1019cm-3

STM tip 
Tunnel current

Bias Voltage～1 nm

(001)

(111)

STM 
tip

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

STM for potential and dopant profiling
Scanning Tunneling Microscopy（STM）

Tunneling 
Current

I-V
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Simultaneous measurement of potential and dopant atom
n p

40 nm
Vs = +1.7 V, It = 6 pA

40 nm

acceptors 
(blue spot)

donors
(red spot)

Imaging of dopant atoms

Su
bs

tr
at

e 
bi

as
 v

ol
ta

ge
: V

s

acceptor
negative charge

donor
positive charge

Vs

Vs>0

Vs<0

Donor distribution correlates 
with the potential fluctuation.



13/16

Quantitative potential profiling by I-V measurements
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Resonant Tunneling Measurement of Local Potential
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Conclusion 
For R&D of Nanoelectronics Devices

• Characterization and metrology of  local properties and structures are 
needed. 
– e.g., CD & LER, Local strain in Si, Potential distributions

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

in conjunction with Simulations,
because no single method can give complete information in nm regions.

Nanoelectronics Devices

Simulation
Device 

performance

Nano-characterization

Scanning probe

E-beam
TEM/SEM

Optical (Ｘ-ray）
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