HITACHI rLEIL

InspiretheNext o Engineering Researoh Laboratory

Characterization of Materials for Novel Devices
by XAFSand Ab-initio Calculation

XAFS Application to Si; sG€, s Thin Film
Y oshiki Yonamoto!, Kazufumi Suenaga!, Kiyoshi Ogatal,
Akio Yoneyama?, and Yasuharu Hirai?

1 Production Engineering Resear ch Laboratory, Hitachi, Ltd.

2 Resear ch and Development Laboratory, Hitachi, Ltd.

All Rights Reserved, Copyright © 2004 Hitachi, Ltd.



HITACHI rLEL

InspiretheNext . fon Engincering Research Laboratory

I Outline

B Principle XAFSand Theoretical Background
B XAFSApplication to SijosGe, o5 FIIM

B Summary

All Rights Reserved, Copyright © 2004 Hitachi, Ltd.



HITACHI rLEL

InspiretheNext . fon Engineer ing Ressarch Laboratory
I Principle XAFS and Theoretical Background
Principle of XAFS Ge K-edge XAFS
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| nterfer ence of electron waves perturbs Photon Energy (keV)
absor ption intensity (1/1,) and yields XAFS.
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I Principle XAFS and Theoretical Background

EXAFSand XANES XANES
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We developed programsfor XANES calculations and applied to analysis.
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Experimental and calculated XANES spectra
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ET: Electronic Transition
Calc. can reproduce experimental data fairy well.
- It ispossibleto obtain electronic and structural information from XANES.
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I XAFS Application to Si; :Ge, s FIIm:Introduction

Poly-Si gate Poly-SiGe gate
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In order to understand properties of SIGe,
we applied XAFSto Si, :Ge, o to obtain the structural information.
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Experimental setup | [CeK-edge XAFS
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IXAFS Application to S, Ge&, o5 FIlm:Experimentals
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I XAFS Application to Si; :Ge, os FIlm:Results

Extracted EXAFSfunction Fourier transformed EXAFS function
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Curve fitting Results
Shel SN R(A) E(eV) C,(x 10?2A?  Rfac (%)
1st Peak Ge-Si 3.40 2.363 4.60 0.22 0.5%
Ge-Ge 0.31 2.418 -0.42 ~0 '
2nd Peak | Ge-Si 1.52 3.809 -0.21 0.68 2.1%
(0.25)  (0.003) (0.30) (0.25)
SPN(Ge-S)) S,°N(Ge-Ge) - Ge-Ge bonds can be neglected.
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I XAFS Application to Si; :Ge, os FIlm:Results

Exp. and Calc. XANES spectra Calculation Modéd
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Photon Energy (keV) XANES Cadl culation needs more than 5shell.
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I XAFS Application to Si; :Ge, os FIlm:Results

Exp. and Calc. XANES spectra Calculation Model
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IXAFS Application to S, ,:Ge, ;s FIlm:Atomic Structure

L ocal atomic structureof S, Ge, Si; =G, o5

/ _ Gecrystal Sio_gscllExp.)\

236 (A) /

Sl 9sG€y o5 Structure is almost same with S.

: 2

Thislargely strained structure may hasthe effect on electrical properties.

245 (A)
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I Summary

We applied XAFS and Ab-initio calculationsto
S, :G&, o5 film and following conclusion was obtained.

L ocal structureof S G, o5 ISalmost
coincidence with crystalline S structure
and highly strained.
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