AlIST

WE-21 Development of 3D Raman Spectra Analysis System
for TCAD Stress Simulation in FINFET Structure

Hiroshi Arimoto?!, Akira Satoh?, Vladimir Poborchiit, Tetsuya Tada!, Koichi Fukuda?!, Koji Usuda?,
Kazuhisa Fujita3, and Toshihiko Kanayamat

TNational Institute of Advanced Industrial Science and Technology (AIST)
2Green Nanoelectronics Center (GNC), AIST West, SASTOM R&D

Background Stress technology iIs key for advanced CMOS Calibration using Raman spectroscopy analysis
_ o Stress Simulation c Si-MOSFET

Mlcro_-Raman spectroscopy IS S|mple_and _useful for g ﬁa i.

evaluating the local stress and calibrating stress - - il 4

simulations. Stress simulations can be calibrated by mm—) Band gap Lo = =

adjusting the stress parameters or the profiles of the Strain tensor (&jj) | [110)cleaved plane

device structure so that the calculated Raman shifts " oitusion of impurty . 2

may agree with the measured ones. The Raman A e, + (&, + €4;) — A 2re,, 2re,,

spectra analysis for FinFET-like structures should be -ayout dependent device property 2re,, P&y, + (85 +81;) — A 2rs, =0

treated three dimensionally and the propagation of 2réy 2réy, PEs +a(En + &) =4

= —
I‘:%BT—.I ‘“‘_‘F%T_’i“ w2=A+ w2 (i=1,2, and 3)
- p, q, and rare phonon deformation potentials of Si.

(a) Gate-STI (b) Gate space

excitation and scattered light should be strictly

simulated. Because of this, we developed 3D Raman D . Caleulated Raman shift ma
- . . . . . aa ab P
spectra analysis system using finite-difference time- , j‘*\ ]7'[ 3

Strain

domain (FDTD) electromagnetic simulation. (c) STI widith .
Measured Raman shift map
Calibration Combarison <:: » (0
of material parameters P aa ab

Change in drive current

Flow diagram of Raman spectra analysis Simulation for lens effects Absorbed light intensity
e y-polarization excitation
3D structure and stress |E, | (W/m?)
— " o
g _g?g |Ex|’ |Ey|’ |Ez|
1. Generate Structure c ! om0 (W/m?2)
c B
— = = B 1.0
7)) —10.40
2. FDTD Calculate (excitation) S =05 I
> 020 0.8
0.15 '
010
005
_ 500 0.00
3. Analyze Raman Shift 500 250 0 260 500 0.6
Y position (nm
] _ P (nm) IE,| (W/m?) .
Air (n=1.0) 100 0.4
4. FDTD Calcul i 050
Calculate(scattering) I - i
T o5
065

.60
.55

5. Synthesize Raman Spectrum 050

FINFET-like structure made of SSC
—J (height:50 nm, width:50 nm)

> M - 020
3D Raman Shift Distribution SIO, (n=1.475) ' 006
Raman Spectrum 'Si(n=6.463,k=2.701) s pn O . [ oo

Y position (nm)

Z position (nm)

RN T T[T T T
oD O
[0 2 D0
faY R

Distributions for absorbed and scattered light intensity Comparison of measured Raman spectra with calculated results
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Conclusion

1. We developed 3D Raman spectra analysis system combining an FDTD
electromagnetic simulation and TCAD stress simulation.

2. This system enables us to accurately calculate a Raman spectrum reflecting
nanometer scale modulation effects in the light intensity distribution.

3. This system is useful for evaluating the stress in the FINFET like structures
based on the stress simulations.
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