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Scanning Electron Microscopy (SEM)/
Energy Dispersive X-ray Spectroscopy (EDS)

SEM coupled with EDS provides high-resolution and high-depth-of-field images of
the sample surface along with elemental identification.

Scanning Electron Microscopy (SEM) is a widely
used technique employed to image the surface of
samples. It provides outstanding image resolution,
unique image contrast and a large depth of field.
Additionally, SEM often requires little sample
preparation and can be coupled with an energy
dispersive x-ray spectrometer (EDS or EDX) to
provide elemental identification. These attributes
make SEM an outstanding choice for imaging
applications that require the resolution greater than
that provided by optical microscopy, or when there
is a need to identify elemental constituants of
micrometer-sized features. Sample preparation
methods for SEM are highly developed for the
imaging of sub-surface features. Methods include
chemical etching, mechanical cross sectioning,
planar polishing to remove layers parallel to the
surface and ion beam techniques.

An SEM forms an image by rastering a highly
focused electron beam, typically with energies of 1
to 20 keV, across a sample and detecting the
secondary or backscattered electrons ejected. The

Figure 1: Schematic of how SEM works

secondary electrons originate from the top 5-10 nm
of the sample and provide information on the
topography and, to a lesser extent, on the elemental
variation in the sample. Backscattered electrons
escape from deeper within the sample and provide
information chiefly on the average atomic number
of the sample.

The incident electron beam, when imparting energy
to the sample, can cause emission of x-rays that
are characteristic of the sample atoms. The
energies of the x-rays are characterized using EDS
and can be used to identify the elements in the
sample. EDS is primarily a qualitative technique
providing data from about a micrometer in diameter
and a micrometer deep.

Strengths

Rapid, high-resolution imaging
Quick identification of elements present
Excellent depth of field

Versatile platform that supports many other
tools

Limitations

Vacuum compatibility typically required

SEM may spoil sample for subsequent
analyses

Ultimate resolution is a strong function of the
sample and preparation

Insulating samples may need to be coated



Common Applications C K series Si K series
» Failure analysis of integrated circuits

*  Process development of submicron films
and features for optics, photovoltaic,
semiconductor, biotechnology and other
industries

e Characterization of metal corrosion

» Elemental ID of particles and process residues
O K series Ni L series
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» Investigation of interfacial layers, oxidization
and contamination

* Imaging of surface topography, including pits,
scratches and bumps

Industry Sectors and Technologies
*  Semiconductors

+  Electronics u T00pr

* Energy storage and batteries; Photovoltaics F K series Cu L series
* Medical devices

Case Study: Battery Analysis

In this example a battery has been cross-sectioned
via mechanical polishing exposing the complex
internal structures of the anode, separator, and
cathode. SEM-EDS is utilized to characterize the
spatial and chemical distribution of elements.
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Figure 2: SEM image of a mechanically polished battery cross section,

depicting the structure of the anode, separator and cathode.
Figure 3: EDS maps depict the spatial and chemical distribution of the

battery cross section: C, Si and SiOx are present in the graphite anode
while the cathode is rich in Ni and O.
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Complementary Techniques

For imaging applications, SEM image quality and
ease of use falls between Optical microscopy (OM)
and Transmission Electron Microscopy (TEM). OM
is typically very easy to use, can be very quick and
often requires no sample preparation. Image spatial
resolution is on the order of one micrometer. SEM
has a much greater depth of focus than optical
microscopy, so that structures with large variation in
height can all be in focus in the same image in SEM.
TEM has superior image resolution (<2 A) to the
SEM and often superior contrast allowing for the
observation of subtle features not observable in
SEM. Sample preparation and imaging using a TEM
are often more time consuming than using an SEM.

For elemental identification, Auger Electron
Spectroscopy (AES) and Analytical TEM can
provide complementary information to SEM-EDS,
but with improved spatial resolutions. AES can
provide elemental mapping with ~50 nm resolution
with better surface sensitivity (~5nm vs. ~1um for
SEM-EDS). Analytical STEM (STEM-EDS and
EELS) can provide yet better spatial resolution (~2-
3 nm) for elemental identification and Aberration
Corrected STEM (AC-STEM) EDS/EELS can
routinely provide ~1nm spatial resolutions and in
some cases provide atomic scale mapping and
bonding information.

SEM-EDS at EAG

EAG has more than 25 SEM systems in the network,
including: high resolution field emission tools, high
voltage tools (30 keV in SEM and 200 keV in STEM),
tools that can operate in “Environmental” mode
(they operate at a higher vacuum pressure than a
typical SEM), tools that can accommodate 300 mm
wafers and more than 15 focused ion beam-SEMs
(Dual Beams). We have a very wide range of sample
preparation capability using mechanical and various
ion beam methods.

Besides our extensive hardware collection, EAG
has over 25 people who work on SEMs regularly,
with experience ranging from Ph.D.’s to FAB
process managers, to experts in metallurgy. Our
labs service industries such as semiconductor,
medical device, optics, energy storage, cell phones,
piping and printing. Contact us to learn how we can
help you on your next project.
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