Scanning Electron Microscope (SEM)

A scanning electron microscope (SEM) is a type of electron microscope that produces images of a
sample by scanning over it with a high energy focused beam of electrons. The electrons interact with
electrons in the sample, producing secondary electrons, back-scattered electrons, and characteristic X-
rays that can be detected and that contain information about the sample's surface topography and
composition. The electron beam is generally scanned in a raster scan pattern, and the beam's position is
combined with the detected signal to produce an image.

The electron beam can focused to a spot approximately 1 nanometer in diameter, and microscopes are
able to resolve details ranging from 1-20 nm in size. To avoid accumulating charge on the surface,
samples must be electrically conductive; nonconducting samples are often coated with an ultrathin
coating of metal. Conventional SEM requires samples to be imaged under vacuum, but methods have
been developed that allow imaging biological samples.
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Schematic Diagram of a SEM
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Principle of operation:

The types of signals produced by a SEM include secondary electrons, back-scattered electrons
(BSE), characteristic X-rays, light (cathodoluminescence), specimen current and transmitted electrons.
Secondary electron detectors are common in all SEMs, but it is rare that a single machine would have
detectors for all possible signals. The signals result from interactions of the electron beam with atoms at
or near the surface of the sample. In the most common or standard detection mode, secondary electron
imaging or SEI, the SEM can produce very high-resolution images of a sample surface, revealing details
less than 1 nmin size. Due to the very narrow electron beam, SEM micrographs have a large depth of
field yielding a characteristic three-dimensional appearance useful for understanding the surface structure
of a sample. This is exemplified by the micrograph of pollen shown above. A wide range of
magnifications is possible, from about 10 times (about equivalent to that of a powerful hand-lens) to more
than 500,000 times, about 250 times the magnification limit of the best light microscopes.

Back-scattered electrons (BSE) are beam electrons that are reflected from the sample by elastic scattering.
BSE are often used in analytical SEM along with the spectra made from the characteristic X-rays, because
the intensity of the BSE signal is strongly related to the atomic number (Z) of the specimen. BSE images
can provide information about the distribution of different elements in the sample. For the same reason,
BSE imaging can image colloidal gold immuno-labels of 5 or 10 nm diameter, which would otherwise be
difficult or impossible to detect in secondary electron images in biological specimens. Characteristic X-
rays are emitted when the electron beam removes an inner shell electron from the sample, causing
a higher-energy electron to fill the shell and release energy. These characteristic X-rays are used to
identify the composition and measure the abundance of elements in the sample.

Scanning Process and Image Formation

In a typical SEM, an electron beam is thermionically emitted from an electron gun fitted with
a tungsten filament cathode. Tungsten is normally used in thermionic electron guns because it
has the highest melting point and lowest vapour pressure of all metals, thereby allowing it to be
heated for electron emission, and because of its low cost. Other types of electron emitters
include lanthanum hexaboride (LaBg) cathodes, which can be used in a standard tungsten
filament SEM if the vacuum system is upgraded and field emission guns (FEG), which may be
of the cold-cathode type using tungsten single crystal emitters or the thermally
assisted Schottky type, using emitters of zirconium oxide.

The electron beam, which typically has an energy ranging from 0.2 keV to 40 keV, is focused by
one or two condenser lenses to a spot about 0.4 nm to 5 nm in diameter. The beam passes
through pairs of scanning coils or pairs of deflector plates in the electron column, typically in the
final lens, which deflect the beam in the x and y axes so that it scans in a raster fashion over a
rectangular area of the sample surface.
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When the primary electron beam interacts with the sample, the electrons lose energy by repeated
random scattering and absorption within a teardrop-shaped volume of the specimen known as the
interaction volume, which extends from less than 100 nm to around 5 pm into the surface. The
size of the interaction volume depends on the electron's landing energy, the atomic number of the
specimen and the specimen's density. The energy exchange between the electron beam and the
sample results in the reflection of high-energy electrons by elastic scattering, emission of
secondary electrons by inelastic scattering and the emission of electromagnetic radiation, each of
which can be detected by specialized detectors. The beam current absorbed by the specimen can
also be detected and used to create images of the distribution of specimen current. Electronic
amplifiers of various types are used to amplify the signals, which are displayed as variations in
brightness on a computer monitor (or, for vintage models, on a cathode ray tube). Each pixel of
computer videomemory is synchronised with the position of the beam on the specimen in the
microscope, and the resulting image is therefore a distribution map of the intensity of the signal
being emitted from the scanned area of the specimen. In older microscopes image may be
captured by photography from a high-resolution cathode ray tube, but in modern machines image
is saved to a computer data storage.
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