
The Fascinating World of Secondary Electron
Energy Spectroscopy in the Scanning
Electron Microscope
Scanning Electron Microscopy (SEM) has revolutionized scientific research by
enabling us to visualize the intricate structures of various materials at incredibly
high resolutions. But what if we told you that there's more to SEM than just
imaging? Secondary Electron Energy Spectroscopy (SEES) adds another
dimension to this powerful analytical tool, allowing us to delve even deeper into
the secrets of matter.

Understanding Secondary Electron Energy Spectroscopy

SEES is a technique used in conjunction with the SEM to study the energy
distribution of secondary electrons emitted from a sample's surface. When a high-
energy primary electron beam interacts with the sample, it induces the emission
of secondary electrons. These secondary electrons carry vital information about
the composition and properties of the specimen.

The energy distribution of these secondary electrons can provide valuable
insights into various aspects of the material being analyzed, such as its elemental
composition, chemical bonding, surface topography, and even electronic
structure.
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The Inner Workings of the Scanning Electron Microscope

Before we dive deeper into SEES, let's briefly understand how a Scanning
Electron Microscope works. Unlike optical microscopes that use light to visualize
samples, SEM utilizes a focused beam of electrons. This high-energy electron
beam scans the surface of the specimen, and the resulting signals are collected
and processed to generate highly detailed images.

SEES takes advantage of this scanning process by incorporating additional
detectors that are capable of measuring the energy of the emitted secondary
electrons. By analyzing the energy variation, scientists can extract a wealth of
information about the sample under investigation.

The Applications of Secondary Electron Energy Spectroscopy

SEES has a wide range of applications across various scientific disciplines. Let's
take a closer look at some of the key areas where this technique finds great
utility:

Surface Analysis:
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SEES allows researchers to investigate the topography, composition, and
chemical nature of the surface. This information is particularly useful in fields like
materials science, nanotechnology, and semiconductor research, where surface
characteristics play a crucial role in determining a material's properties.

Chemical Analysis:

By analyzing the energy distribution of secondary electrons, scientists can obtain
elemental information about the sample. This aids in identifying the presence of
specific elements and compounds, helping in fields like forensic science,
environmental monitoring, and material characterization.

Surface Contamination Studies:

SEES enables researchers to identify and diagnose surface contamination issues
in various industries, such as aerospace, medical devices, and electronics. By
understanding the nature and distribution of contaminants, steps can be taken to
improve product quality and performance.

Biological Applications:

SEES also finds applications in the field of biology, where it allows scientists to
examine the surface properties of biological samples, such as cells, tissues, and
biomaterials. This information is essential for understanding cellular interactions,
disease mechanisms, and drug delivery systems.

Benefits and Limitations of Secondary Electron Energy
Spectroscopy

Like any analytical technique, SEES has its pros and cons. Let's explore both
aspects:

Benefits:



- High spatial resolution: SEES, coupled with SEM, provides incredibly high-
resolution imaging capabilities, allowing researchers to visualize fine details at the
sub-nanometer scale.

- Elemental sensitivity: SEES can detect a wide range of elements, making it a
versatile tool for elemental analysis.

- Surface-specific information: SEES focuses on the surface properties of
materials, providing valuable insights into surface phenomena.

- Non-destructive: SEES is a non-destructive technique, allowing multiple
measurements to be performed on the same sample.

Limitations:

- Charging effects: The presence of insulating materials or rough surfaces can
lead to charging effects, impacting the quality of the SEES data.

- Quantitative analysis challenges: Obtaining accurate quantitative information
from SEES can be challenging due to factors like sample geometry, electron
beam-induced damage, and variations in the scattering of secondary electrons.

- Sample preparation: Proper sample preparation is crucial for reliable SEES
results, often requiring specialized techniques and careful handling.

In Summary

Secondary Electron Energy Spectroscopy in the Scanning Electron Microscope
opens up a world of possibilities for scientists and researchers. By examining the
energy distribution of secondary electrons, we can gain valuable insights into the
composition, surface properties, and electronic structure of materials. From
surface analysis to chemical identification, SEES plays a crucial role in numerous



scientific fields. Although it comes with its own set of limitations, the benefits of
this technique make it an invaluable tool for unraveling the mysteries of matter at
the microscopic level.
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This book deals with the subject of secondary energy spectroscopy in the
scanning electron microscope (SEM). The SEM is a widely used research
instrument for scientific and engineering research and its low energy scattered
electrons, known as secondary electrons, are used mainly for the purpose of
nanoscale topographic imaging. This book demonstrates the advantages of
carrying out precision electron energy spectroscopy of its secondary electrons, in
addition to them being used for imaging. The book will demonstrate how
secondary electron energy spectroscopy can transform the SEM into a powerful
analytical tool that can map valuable material science information to the
nanoscale, superimposing it onto the instrument's normal topographic mode
imaging. The book demonstrates how the SEM can then be used to
quantify/identify materials, acquire bulk density of states information, capture
dopant density distributions in semiconductor specimens, and map surface
charge distributions.
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