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Scientific and technical objectives
CONTRAM: Determining the stress tensor through spatially resolved polarimetric Raman

spectroscopy

»Polarimetric Raman spectrometer development (LPICM, HORIBA Jobin Yvon)

» Validation of the method by reference samples and techniques (LPICM, CEA-LETI)
» Applications in the stress characterization to innovative structures (LPICM, CEA-LETI)

» Applications in the stress characterization to semiconductor (Si, SiGe, Ge, GaAs...) and photonic
structures (STM, 3SP, LPICM)

Stress measurement trough polarized Raman: from Si
to SiGe and Ge

» Experimental setup :
HORIBA - LPICM
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» Samples and methodology of strain measurement

» Spectrum acquisition as function incident

SiGe deposited on Si substrate o : ;
polarization orientation

SiGe (40 nm)
Si

» Determining of Raman shift

» Adjustment the results with the numerical model for

> Results strain or stress tensor identification
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Oblique incidence - More accurate stress determination

From polarized Raman to polarimetric Raman...

> Experlimental methodology: polarimétric Raman calibration on S1 band
(521 cm™)

To determine Stokes vectors (by Fourier Transform method) , we insert in the detection (scattering)
path before the analyzer, a rotating quarter wave plate. From 36 measurements at different orientations
of the plate, we can determine the backscattering Stokes vector

> Real polarimetric response of the system in Raman scattering
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» Modeling and characterization of the spectrometer response
—  Exciting path: M_ . =M, M,.M,
— Scattering path : M, = Mzg.Mp.M,

Model ;

with: » Mp: linear diattenuator Mueller matrix
» Mg : linear birefringence Mueller matrix

» M, : depolarizing element Mueller matrix

1. Scattering path characterization :

» Rotating polarizer in position P, and measurement of the scattering Stokes vectors
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» Rotating polarizer in position P, and measurement of scattering Stokes vectors
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» Determination of M, from : m ( HM

2. Excitation path characterization :

> Determination of M___ from : min <H MIMS 3 >
R
» Polarimetric response after calibration
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Final calibration of the polarimetric
Raman
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» Problems : Reducing the mechanical strain due to the transfer (deposition)
3S PHOTONICS RESULTS (with University of McMaster)

Au wirebonds 80-20 AuSn eutectic alloy solder pad
> S amples CuW heat spreader
» High power laser diode AlGaAs/GalnAs PPTT DY :

Plain AIN or original bi-material CuW/AIN S
» Lasts brazing in eutectic alloy AuSn [80-20 wt%] / o
Output facet \__AIN bottom plate

GaAs-based laser diode

>  «p-side up » assembly

»  Stress is due to the cooling of the assembly because of difference of thermal expansion
coefficient and the dimensional disparities

»  Decreasing of the strain by bi-materials approach

1. Theoretical approach: Modeling by finite element method (FEM )
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Figure 1 : Résultats MEF

2. Experimental approach : degree of polarization (DoP) measurement trough photoluminescence

» Photoluminescence emitted by
superior face of the plan diode AlGaAs/GalnAs

> DoP is proportional to the difference of strain ~ 10] :
< i
according to two axis of the studied plan 3 "l .
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»  Double side effect on bi-material submount Figure 2 : Résultats expérimentaux

Results to be confirmed in polarized or polarimetric Raman by LPICM
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