/‘q IRAI 2008 EU-Japan Cooperation Forum on ICT Research
March 4, 2008

Metrology and Characterization for
Nanoelectronics

Toshihiko Kanayama

MIRAI-Advanced Semiconductor Research Center,
AlIST, Japan



A irar Contents

 Why do we need measurement/characterization
techniques for nanoelectronics?

« Characterization/metrology for local probing of
material structures and properties

— Physical dimensions
— Local strain in Si

— Dopant / potential distributions
e Conclusion

2/16



/ﬂ IRAI measurement/characterization techniques for nanoelectronics

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

Nano-wire transistors

Metal nano gap

To understand and control nanoelectronics devices while minimizing variation,

Characterization and metrology of local properties and structures are needed. |,



ﬂ IRAI Metrology and Characterization with High-spatial Resolution
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/ﬂIRAI

High-Precision CD Metrology by AFM

CD-AFM with Laser interferometer

Modularized Laser
interferometer

Resolution 0.05 nm

¢Laser interferometer: DSP-based processing
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43D AFM scanner: parallel spring mechanism.

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

Process compatibility
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_/ﬂIRAI Local strain measurement by electron beam diffraction

NBD (NanoBeam electron Diffraction)

Z-axis

o \e X'aXIS

17nm St-Si
35nm SiGe

* Strained Si

2 100nm Box

T5ESi

SiGe

Si(x,2)

=(5.474 5417 )

SiGe(x,z)=(5469 5504 )

Usuda, Materials Sci. Eng. Sl
B124-125 (2005) 143 5433 )
/ 5 0.01
Poly-Si 2 + -axs
\ S 0.006 (1 ;o - *
Strained- .S 0.002 *
.i -0.002 - -
Relaxed- L 0006 -
SiGe £
buffer -0.01 _
layer o Lefi Center  Right
\_ Strain in a MOSFET Position "/ e




/ﬂ IRAI Confocal/probe-excited UV Raman microscope for local strain analysis
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/ﬂIRAI Analysis using polarization dependence of Raman scattering
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/ﬂIRAI Raman scattering excited by metal-particle-topped AFM-probe
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/ﬂmAI STM for potential and dopant profiling

Scanning Tunneling Microscopy STM
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/{’IRAI Simultaneous measurement of potential and dopant atom
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,ﬂ,RA, Quantitative potential profiling by I-V measurements
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Resonant Tunneling Measurement of Local Potential
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A irar 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.

mano—characterizaticm</ \>/ ™~

E-beam
TEM/SEM

= NG
| Cscamingpove > ) L v

i Nanoelectronics Devices

_ _ Device
| Simulation > performance

15/16



/ﬂmu Acknowledgments

Colleagues in MIRAI project

T. Tada and V.V. Porochii for UV Raman measurements
L. Bolotov and M. Nishizawa for STM measurements

K. Usuda for Nano-beam diffraction

S. Gonda for CD-AFM

N. Hirashita, T. Numata, T. Tezuka, N. Sugiyama and S.
Takagi and many other members of the MIRAI project
for providing STI and strained SOI structures

Sample preparation

N. Hattori of Renesas Technology for strained STI
structures

H. Fukutome of Fujitsu Laboratory Ltd. for the p-n
junction samples.

The MIRAI Project is sponsored by NEDO, Japan.

16/16



