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Materials
Characterization

“ Though a wide range of analytical techniques is covered in this volume there
are certain traits common to many of them. Most involve either electrons,
photons, or ions as a probe beam strikingthe materialto be analyzed.The beam
interactswith the matéria linsome way,and insome of the techniques the changes
induced inthe beam (energy, intensity, and angular distribution) are monitored
after the inter- action, and analytical information is derived from the observation
of these changes. In other techniques the information used for analysis comes
from elec- trons, photons, or ions that are ejected from the sample under the
stimulation of the probe beam. In many situations several connected processes
may be going on more or less simultaneously, with a particular analytical
technique picking out only one aspect, e.g., the extent of absorption of incident
light, or the kinetic energy distributionof ejected electrons “

Encyclopedia of
materials
characterization:surface
s, interfaces, 
thinfilms/C. Richard 
Brundle,Charles
A.Evans, Jr., Sham
Wilson., 1992 
ISBN CL7506-9168-9
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Materials
Characterization

ASM Handbook vol. 10 – Materials Characterization 
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Light Microscopy

The light microscope uses
the visible or near visible
portion of the
electromagnetic spectrum;
light microscopy is the
interpretive use of the light
microscope

the first polished metal and
metal-alloy specimens
were prepared and viewed
with the intention of
correlating their structures
with their properties

Encyclopedia of materials characterization, 1992 
ISBN CL7506-9168-9
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Light Microscopy

http://zeiss-campus.magnet.fsu.edu/articles/basics/reflected.html

Al alloys 
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Profilometer

https://www.filmetrics.com/profilometers/profilm3d?gclid=EAIaIQobChMIzNvtpOT_6wIVS4CRCh2Lhg99EAAYASAAEgKqXPD_BwE
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Profilometer

https://www.researchgate.net/figure/ew-of-3D-on-machined-surface-made-by-Talysurf-CCI-Lite-Taylor-Hobson-scanning_fig1_313649778
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Profilometer
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Scanning Electron
Microscopy - SEM

The Scanning Electron Microscope (SEM) is
often the first analytical instrument used
when a "quick look" at a material is
required and the light microscope no
longer provides adequate resolution. In
the SEM an electron beam is focused into a
fine probe and subsequently raster
scanned over a small rectangular area. As
the beam interacts with the sample it
creates various signals (secondary
electrons, inter- nal currents, photon
emission, etc.), all of which can be
appropriately detected. These signals are
highly localized to the area directly under
the beam.

Encyclopedia of materials characterization, 1992 
ISBN CL7506-9168-9
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Scanning Electron 
Microscopy - SEM
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Scanning Electron 
Microscopy - SEM

Simplified electron beam-

sample interaction: secondary

electrons, auger electrons, light 

photons and X-rays are emitted

from the sample when this is

struck by fast incoming

electrons. Transmitted electrons

can remain unscattered, or be

elastically or inelastically

scattered.

https://www.researchgate.net/figure/Simplified-electron-
beam-sample-interaction-secondary-electrons-auger-electrons-
light_fig5_289520567
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Scanning Electron
Microscopy - SEM

https://www.sciencedirect.com/topics/medicine-and-
dentistry/secondary-electrons
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Scanning Electron
Microscopy - SEM

http://minerva.union.edu/hollochk/sem/se.html

Secondary electrons 
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Scanning Electron Microscopy - SEM

Surface Analysis 



PMR 5251

Izabel Machado – machadoi@usp.br 25

Scanning Electron
Microscopy - SEM EDS and WDS  

Energy dispersive spectrometers (EDS) sort the X-rays based on their energy; while wavelength dispersive

spectrometers (WDS) sort the X-rays based on their wavelengths.

https://www.globalsino.com/EM/page3110.html
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Microscopy - SEM EDS and WDS  

Energy dispersive spectrometers (EDS) sort the X-rays based on their energy; while wavelength dispersive

spectrometers (WDS) sort the X-rays based on their wavelengths.

https://www.globalsino
.com/EM/page3110.ht
ml
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Field Emission Electron
Microscopy
FIB e EBSD

https://www.imri.uci.edu/content
/fei-quanta-3d-feg-dual-beam-
semfib-0

Electron Source & Operating HT: Field emission gun 1kV~30kV

Electron beam resolution

•High-vacuum

1.2 nm at 30 kV (SE)

2.5 nm at 30 kV (BSE)*

2.9 nm at 1 kV (SE)

•Low-vacuum

1.5 nm at 30 kV (SE)

2.5 nm at 30 kV (BSE)

2.9 nm at 3 kV (SE)

•Extended low-vacuum mode (ESEM)

1.5 nm at 30 kV (SE)

Focus Ion Beam resolution:

•7 nm at 30 kV at beam coincident point (5 nm achievable at optimal working distance)

Electron optics

•High-resolution field emission – SEM column optimized for high-brightness/ high-current

•60 degree objective lens geometry with through-the-lens differential pumping and heated objective apertures

Ion optics

•High-current ion column with Ga liquid-metal ion source

•Acceleration voltage: 2 – 30 kV

•Probe current: 1 pA – 65 nA in 15 steps

•15-position aperture strip

•Magnification 40 x – 1280 kx in "quad" mode at 10 kV

Detectors and Attachments:

•Everhardt-Thornley SED

•Low-vacuum SED (used in low vacuum)

•Gaseous SED (GSED) (used in ESEM mode)

•Solid-State BSED

•Gaseous analytical BSED (GAD) (used for low-vacuum analytical applications)

•EDS: Oxford silicon drift detector (50 mm2) and INCA software

•HKL EBSD (Electron Backscatter Diffraction) systems
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Field Emission
Electron

Microscopy
FIB

http://www.s
oest.hawaii.ed
u/AEMC/instr
uments/aemc
_helios.htm
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Field Emission
Electron

Microscopy
FIB

https://www.researchgate.net/figure/SEM-images-of-FIB-milled-cantilever-showing-a-side-view-during-bending-test-and-
b_fig5_337946048



PMR 5251

Izabel Machado – machadoi@usp.br 30

Field Emission Electron Microscopy

EBSD

https://www.azom.com/article.aspx?ArticleID=17966
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Field Emission Electron Microscopy
EBSD

http://www.dierk-raabe.com/ebsd-and-3d-ebsd/
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Field Emission Electron Microscopy
EBSD

https://www.osti.gov/servlets/purl/1358236
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Transmission Electron
Microscopy - TEM

In Transmission Electron Microscopy (TEM) a thin

solid specimen (5 200 nm thick) is bombarded in 

vacuum with a highly-focused, monoenergeticbeam

of elec- trons. The beam is of sufficient energy to

propagate through the specimen. A series of

electromagneticlenses then magnifies this

transmitted electron signal. Diffracted electrons are 

observed in the form of a diffraction pattern beneath

the specimen. This information is used to determine 

the atomic structure of the material in the sample. 

Transmitted electrons form images from small

regions of sample that con- tain contrast, due to

several scattering mechanisms associated with

interactions between electrons and the atomic

constituents of the sample. Analysis of transmit- ted

electron images yields information both about

atomic structure and about defects present in the ma
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Transmission Electron
Microscopy - TEM

https://www.sciencedirect.com/topics/materials-
science/transmission-electron-microscopy
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Transmission Electron
Microscopy - TEM

https://www.youtube.com/watch?v=D3JY4LgyX6Q
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Transmission Electron
Microscopy - TEM

http://50.87.149.212/sites/default/files/nanoComposix%20Gui
delines%20for%20TEM%20Analysis.pdf
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Transmission Electron
Microscopy - TEM

https://www.sciencedirect.com/topics/chemistry/tem-image
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Quantitative Metallography
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Quantitative Metallography

Introduction to Quantitative Metallography

George Vander Voort
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Auger

https://www.nrel.gov/materials-science/auger-electron.html
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Auger

The Auger effect is a physical phenomenon in which the

filling of an inner-shell vacancy of an atom is accompanied

by the emission of an electronfrom the same

atom.[1] When a core electron is removed, leaving a 

vacancy, an electron from a higher energy level may fall

into the vacancy, resulting in a release of energy. Although

most often this energy is released in the form of an

emitted photon, the energy can also be transferred to

another electron, which is ejected from the atom; this

second ejected electron is called an Auger electron.

Auger electron spectroscopy involves the emission of Auger electrons by bombarding a sample with either X-

rays or energetic electrons and measures the intensity of Auger electrons that result as a function of the Auger

electron energy. The resulting spectra can be used to determine the identity of the emitting atoms and some 

information about their environment.

https://en.wikipedia.org/wiki/Inner-shell_electrons
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Auger_effect#cite_note-1
https://en.wikipedia.org/wiki/Core_electron
https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Auger_electron_spectroscopy
https://en.wikipedia.org/wiki/X-ray


PMR 5251

Izabel Machado – machadoi@usp.br 43

Auger

https://www.sciencedirec
t.com/topics/medicine-
and-dentistry/auger-
electron-spectroscopy
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Raman

https://www.mt.com/br/pt/home/applications/L1_AutoChem_Applications/Raman-Spectroscopy.html
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Raman

https://www.mt.com/br/pt/home/applications/L1_AutoChem_Applications/Raman-Spectroscopy.html

Raman spectroscopy is a spectroscopic technique typically used to determine vibrational

modes of molecules, although rotational and other low-frequency modes of systems may also be

observed.
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X-Ray Diffraction

http://www.fhi-berlin.mpg.de/acnew/department/pages/teaching/pages/teaching__wintersemester__2014_2015/elena_willinger__fundamental_of_x-ray_diffraction__141107.pdf

Lei de Bragg
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X-Ray Diffraction

http://www.fhi-
berlin.mpg.de/acnew/department/pages/teaching/pages/teaching__wintersemester__2014_2015/elena_willinger__fun
damental_of_x-ray_diffraction__141107.pdf



PMR 5251

Izabel Machado – machadoi@usp.br 48

X-Ray Diffraction
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X-Ray Diffraction

http://www.fhi-
berlin.mpg.de/acnew/department/pages
/teaching/pages/teaching__wintersemes
ter__2014_2015/elena_willinger__funda
mental_of_x-
ray_diffraction__141107.pdf
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X-Ray Diffraction
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X-Ray Tomography

https://werthinc.com/a-new-sensor-x-ray-computed-tomography/
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X-Ray Tomography
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https://www.thermofish
er.com/br/en/home/ma
terials-science/xps-
technology/multi-
technique-
workflow.html?cid=202
0-ms-xps-
multitechnique&utm_so
urce=google&utm_medi
um=cpc&utm_campaign
=2020-ms-xps-
multitechnique&gclid=E
AIaIQobChMI6K333aT_6
wIVigaRCh05PA7NEAAY
ASAAEgIcmPD_BwE
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Hardness



PMR 5251

Izabel Machado – machadoi@usp.br 57

Hardness
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Instrumented Indentation
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Instrumented
Indentation
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Instrumented
Indentation

http://nanoscan.info/eng/methods/hardness-measurement-over-the-
residual-indent-image

https://www.researchgate.net/figure/2D-and-3D-view-axis-
dimensions-mm-of-the-plastic-nano-indentation-imprint-with-
the_fig4_257998720
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