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RAMAN AND PL FOR NANOSCALE MATERIALS
CHARACTERIZATION AND METROLOGY




BASICS OF RAMAN SPECTROSCOPY
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VALUES OF RAMAN SPECTROSCOPY
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30 YEARS OF RAMAN EXPERTISE AT IMEC

Average stress measurements Ultralow Si content
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De Wolf | Appl. Phys. 71 898 (1992) De Wolf ECS Trans. 86 397 (2018)

De Wolf, Semicond. Sci. Technol. 11 139 (1996) — 720 citations

Stress/composition in 3D confined volumes
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STRESS AND CD ANALYSIS OF CONFINED VOLUMES



NANOFOCUSING OF LIGHT
ENABLING DEEP SUB-WAVELENGTH STRUCTURES TO STAND OUT

10 nm wide Si fins
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Opens path for Raman dimensional metrology
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CAVITY DEPTH
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APPLICATION ON FULLY AUTOMATED TOOLS
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UNIVERSAL APPLICATION SUITE
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RECENT RAMAN DEVELOPMENTS:
OFF-AXIS RAMAN
AND
USE OF LINEARIZED RADIAL POLARIZATION



NANOSCALE STRESS MEASUREMENTS

IMPROVE PRACTICALITY OR PRECISION OF ANISOTROPIC STRESS MEASUREMENTS

Decoupling of o, and 0,, requires deconvolution of LO and TO

Selection rules dictate TO only excited by E,

High precision measurements = large out-of-plane polarization component E,
Standard solution: oil immersion — no in-line potential

.
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Manual XYZ stage

Optical fiber coupled with
polarized laser source

Adjustable flip platform

Motorized XYZ stage
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STRESS MEASUREMENT AND VALIDATION

16nm Fin TO mode Raman spectrum
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STRESS MEASUREMENTS WITH FCOR
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independently

LO- and TO-active spectra are acquired

* In-plane stress extracted with similar precision
*  Validated by OIR and NBD
*  Truly non-invasive stress characterization
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TERS/TEPL FOR NANOSCALE RESOLUTION



TIP ENHANCED RAMAN SPECTROSCOPY

Concept
* Raman intensity a E*
* Incident laser excites a localized surface plasmon at the tip apex
* Plasmonically enhanced field increases the Raman intensity near
the tip apex
* Intensity enhancement depends on tip properties, laser
polarization and choice of substrate

Objective

AFM-TERS tip

Spatial resolution

0.61 A

° Far field ~ W

*  Near field ~ Radius of tip apex

Enhanced
Raman

<> Near field
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Near field Intensity

— Tip out

Spectra

TE RS AFM topography
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BACK-GATED CRYO-PHOTOLUMINESCENCE OF 2D MATERIALS
NON-DESTRUCTIVE DEFECT CHARACTERIZATION?

Defects (e.g. S-vacancies) create shallow
levels in the BG that can be studied
through photoluminescence. For this we
need low temperature (77K), and control
over all other parameters affecting the PL:

Temperature

Excitation power

15nm Ni /
20nm Pd
»
Laser spot location

[ Back-gate bias / doping

Extrinsic & strain factors

Two setups available at imec:

Lifetime meter with cryo
(less suited)

N2 sample holder
(used on Raman tools)
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Built setup for combined back-gating and low-temperature PL,
first electrostatic control and activation of defect signal on imec
synthetic material has been demonstrated. Quantitative
interpretation of results and link with electrical measurements
needs development and data cycles.

* Quantitative defect characterization from

Steps observed behavior
to * Link with mobility (device processing)
take * Establish connection with S-vacancies (HRTEM)
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