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Evolution and Comparison of Electron Sources
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Over the years, we've seen major developments in electron source technologies in response to the demands for better performance. This article
presents a brief overview of the cathode technologies in use today.

Two types of electron sources are used in commercially available scanning electron microscopes (SEMs), transmission electron microscopes (TEMs),
scanning Auger microprobes, and electron beam lithography systems: thermionic and field emission electron cathodes. Thermionic cathodes release electrons
from the cathode material when they are heated while field emission cathodes rely on a high electric field to draw electrons from the cathode material.

Thermionic Cathodes

Tungsten filaments, lanthanum hexaboride (LaBs) cathodes, and cerium hexaboride (CeBs) cathodes are the three commonly used thermionic electron
cathodes. Tungsten filaments were one of the first electron sources developed for SEMs and TEMs. They have a high work function (about 4.5 eV), meaning
they require a large amount of heat to emit a given amount of electrons. Tungsten filaments also have low vacuum requirements and short lifetimes; however,
they are relatively inexpensive, which makes them atfractive for use in systems with multiple users or poor vacuums.

LaBe cathodes were developed to fulfill the need for electron sources with higher brightness than tungsten. LaBs cathodes are more efficient because
they have a lower work function (about 2.6 - 2.7 eV) than tungsten and, therefore, can operate at lower temperatures with resulting longer lifetimes.

CeBs thermionic cathodes were introduced by FEI Company in 1982 as an alternative to LaBs. The CeBs cathode is a direct substitute for LaBs and
requires no instrument modifications. Experimental data shows that CeBs evaporates 30 - 75 % slower than LaBs, which means even longer operating lifetimes.
CeBs cathodes reach stable operation more quickly upon initial heating and have better resistance to contamination.

Field Emission Cathodes
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Field emission cathodes were developed to provide extremely high-resolution, high-brightness SEM images at lower beam voltages than thermionic
cathodes. Cold field emission cathodes are made from <310>, <111> or slightly oxidized <100> oriented tungsten wire with tip radii of < 0.1 um. Cold field
emission cathodes operate at room temperature, and their electron emission is less damaging to biological and semiconductor specimens because their high
source brightness permits low beam voltage operation with good resolution. Low beam voltages do not cause as much damage to specimens.

Schottky emission cathodes are something of a hybrid between field emission cathodes and thermionic emission cathodes. Best described as
thermally-assisted field emission cathodes, Schottky emission cathodes were developed to overcome the drawbacks of cald field emission, namely high flicker
noise (4 - 6 %) and strict vacuum requirements. A Schottky cathode consists of a ZrOMW <100> electron emitter that is operated at 1800 K under somewhat
relaxed vacuum requirements. Schottky electron emission is characterized by a low energy spread and extraordinarily high angular intensity, which pemits
focusing an extremely high current beam into an extremely small diameter. Schottky emission brightness is comparable to that of cold field emission, which
allows high-resolution, low beam voltage operation.

Development Continues
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The above chart compares tungsten filaments, LaBs cathodes, CEBs cathodes, cold field emission
cathodes, and Schottky emission cathodes
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