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Annex A
(informative)

Example of a table, a figure and a formula

A.1 Nanoindentation

Nanoindentation is a standard and commonly used technique for the measurement of hardness and
elastic modulus at the micro and nano scales, which has become the reference characterization method
for surface mechanical characterizations3.

The Oliver-Pharr method represents the standardized approach describing the characterization
workflow and has been in 1992 The main features of this method, including hardware description and a
typical load-displacement curve, are shown in the following figure+.
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Figure A.1. Basic instrumentation and output of a quasi-static nanoindentation technique.

More recently, the full experiments and guidelines have been formalized into an international standard
(ISO 14577) that should be followed by the user to complete the experiment.

By using the concepts and basic structure of CHADA described in the previous chapter, the following high-
detail scheme can be developed for this specific technique, according to ISO 14577 standard. In fact, each
of the block in the workflow represents a set of information that is stored in the metadata and will be
required for reproduction and reuse of the information.

The benefits of using such a novel structure for the metadata associated to nanoindentation experiments
can be summarized as follows:

1. First of all, the calibration procedure associated to the experiment is stored in the metadata, thus
enabling the user to identify any calibration issue even in the future;

3 Oliver, W. C,, and Pharr, G. M,, ., An improved technique for determining hardness and elastic modulus using load
and displacement sensing indentation experiments, 1992, Mater. Res., 7, 1564-1583

4 QOliver, W. C., and Pharr, G. M., Measurement of hardness and elastic modulus by instrumented indentation:
Advances in understanding and refinements to methodology, 2004, ]. Mater. Res., 19, 3-20
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Figure A.3. Energy-level diagram showing the states involved in Raman scattering.

A Raman spectrum consists of measured intensity of scattered light plotted vs. energy. Each peak
corresponds to a given Raman shift with respect to the incident light energy. If the system is in an excited
vibrational state when an incident photon is scattered, the photon may gain (rather than lose) energy
when scattered, leading to anti-Stokes Raman scattering. The Stokes and anti-Stokes Raman peaks are
symmetrically positioned about the Rayleigh peak, but their intensities are very different except for at
very low vibrational energies. The magnitude of the Raman effect correlates with polarizability of the
electrons in a molecule. [2]

A.2.2 Calibration

Raman spectrometers require both spectral and intensity response calibration, though most users rely
on factory calibration for the latter. In day-to-day use, the most used approach for calibration of Raman
shift involves the 520.7 cm-1 Raman peak of crystal silicon as a reference. Also, low-pressure calibration
lamps can be used (e.g., Hg, Ar, Xe, Ne, etc.) which produce sharp and narrow spectral lines with well-
known emission wavelengths. Finally, the emission wavelength of the excitation laser itself is also used
as a reference measurement and should appear at a Raman shift of 0 cm-1 however this may be difficult
to observe in spectrometers equipped with a highly effective filter for the Rayleigh scattering.

A.2.3 Acquisition routine and Parameters

Raman spectroscopy is commonly performed in a back-scattering geometry (like reflectance
measurements) however, measuring the absolute intensity of scattered light is challenging and usually
impractical.

The first step for a RS measurement is the proper alignment of the sample on the Raman stage (height,
tilt etc). The correct position can be identified by the highest value of the scattered light beam intensity.
Generally, the collection efficiency of Raman scattered photons, or the Intensity of Raman signal is
correlated with the following parameters:

IRaman ~ A-4 * a2 * IE

Where A is the excitation wavelength, a the polarizability tensor for the Raman mode of interest, which
is an intrinsic property of the sample material and IE the laser Energy density on the sample which is the
product of power density on sample and acquisition time.

The appropriate selection of acquisition parameters strongly affects the measured spectrum
characteristics. In summary these are the following (synthetic list):

e Excitation wavelength

e  Microscope objective
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e Polarized laser excitation

e Diffraction Grating and slit width

e Laser Power and Acquisition Time

e (CCD Cooling Temperature

e  Spectra Accumulation

e Ambient Conditions

A.2.4 Post-processing and Analysis of RS data

In many applications the information can be deduced directly from the measured RS which is the spectral
fingerprint of the material e.g. material identification for chemical analysis. However quantitative data
can only be obtained by numerical fitting with specific mathematical functions to the measured SE
spectra. This procedure includes the subtraction of the background photoluminescence effects and the
implementation of mathematical functions which approximate the Raman peak characteristics of the
studied material. Fitting the measured spectrum with these functions provides quantitative values for
the desired parameters. The functions most commonly involve high-order polynomials, splines and even
straight lines for the baseline subtraction and Lorentzian, Gaussian and Voigt equations to fit the peak
characteristics. However, there are no definite rules for the use and implementation of these functions
on the Raman mode peak properties. Detailed discussion on this topic is beyond the scope of this
document. The quality of the fit is usually evaluated using a regression coefficient as the figure of merit
to guide the numerical algorithm which searches for the best-fit values of the equation parameters. The
figure of merit behaves like a multivariate mathematical function which depends on a given number of
fitting parameters. The principal difficulty that arises is that the figure of merit may have either multiple
minima with the same value, or multiple partial minima with different values. It is important to note that
at the end of a minimization process, review of the results is necessary to check pertinence, accuracy and
efficiency.

Finally, in many cases, the Raman modes characteristics can be translated and interpreted into material
properties. This typically requires examination of various samples with distinct reference properties and
complementary characterization techniques along with theoretical calculations on the phonon dispersion
modes by DFT.
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Figure A.4. RAMAN spectroscopy



