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Disclaimer
The bulk of this presentation has been previously presented at the
9th International Conference on Optical, Optoelectronic and Photonic Materials
and Applications & the 14th Europhysical Conference on Defects in Insulating
Materials (ICOOPMA-EuroDIM 2022, July 3rd-8th, 2022, Ghent, Belgium,
https://icoopma-eurodim.ugent.be)

and is extensively published in

N. Roisin, et al. (2023) J Mater Sci: Mater Electron 34:373

https://link.springer.com/article/10.1007/s10854-022-09769-3

Special thanks to Nicolas Roisin (nicolas.roisin@uclouvain.be) and co-workers for
the material for this meeting!
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WELCOME platform
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WELCOME platform
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Motivation: strain engineering
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From Wang, G. (2019). Strained Silicon Technology. Investigation on SiGe Selective Epitaxy
for Source and Drain Engineering in 22 nm CMOS Technology Node and Beyond.

Strained Silicon (or 𝜀-Si) is following the More than Moore path with improved mobilities



Motivation: strain engineering
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From A. K. Katiyar et al. (2020) Breaking the absorption limit of Si
toward SWIR wavelength range via strain engineering. Science
Advances, 6(31):eabb0576



Raman spectroscopy principle
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General Raman theory

I. De Wolf (1996) Sci. Technol. 11(2), pp. 139–154 7



Phonons theory

S.Baroni et al. (2001) Rev. Mod. Phys. 73(2) pp. 515–562 8



Phonon deformation potential (PDP)
• Linear model
• Fitted to experimental

parameters
• One longitudinal and two

transverse optical modes

9S.Ganesanet al. (1970) Ann. Phys. (N. Y). 56(2) pp. 556–594A. Valentin et al. (2008) J. Phys.: Condens. Matter. 20.
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DFPT for phonons energies

X. Gonze(1997)Phys. Rev. B, 55(16) pp. 10337–10354 11



Structure relaxation
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DFPT results

StrainedStructure

DFPTwithABINIT

LO,TO1andTO2
energiesat Γpoint
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Strained samples fabrication
SOI(001) wafer with 

100 nm top Silicon and 
400 nm BOX

Beam Silicon patterning 
using plasma etching 

(RIE)

Silicon Nitride LPCVD 
deposition and 

patterning (CF4wet 
etching)

HFoxide removal and 
structure release

U. Bhaskar et al., “On-chip tensile testing of nanoscale silicon free-standing beams,” J.Mater. Res., vol. 27, no. 3,
pp. 571–579, Feb. 2012, doi: 10.1557/jmr.2011.340. 14



Strained samples fabrication

𝑢

𝑢 =

𝐸𝑆𝑖 𝑁 𝑆𝑖 𝑁
+

𝜀𝑖𝑛𝑖𝑡 𝐿𝑆𝑖
𝐸𝑆𝑖𝑆𝑆𝑖 𝐿𝑆𝑖
𝑆 𝐿𝑆𝑖 𝑁3 4 3 4 3 4

with Youngmodulus𝐸𝑥 and cross-section area 𝑆𝑥

Strain is the relative displacement of the beam

Silicon beams are strained with the internal stress of the 𝑆𝑖3𝑁4 actuator

At equilibrium, forces are equal.

𝐹𝑆𝑖 = 𝐹𝑆𝑖3𝑁4
𝑢
𝐿𝑆𝑖

𝐸𝑆𝑖𝑆𝑆𝑖 = 𝐸𝑆𝑖3𝑁4𝑆𝑆𝑖3𝑁4
𝑢

𝜀𝑖𝑛𝑖𝑡 − 𝐿𝑆𝑖3𝑁4

F. Ureña et al. (2012) J.Appl. Phys., 112(11) p. 114506 15

𝜀' =
𝑢
𝐿()



SEM analysis

𝑢 16



Raman set-up

Backscattering Raman measurements using a LabRAM HR
from Horiba with a 514 nm laser (linear polarization)
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Experimental measurements
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Experimental validation
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Conclusions

q Raman strain-shift relation from first-principle computation (DFPT)

q Predictive method that can be applied to other materials as long as one phonon 
process

q Robust methodology to avoid the uncertainty of the analytical linear model (PDP 
theory) and tackle the non-linear behavior
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