Electron Sources:

Past, Present, and Future
David C. Joy, University of Tennessee

The electron source is the most important component of the Scanning
Electron Microscope (SEM) since it is this which will determine the overall
performance of the machine. The gun performance can be described in
terms of quantities such as its brightness, its source size, its energy spread,
and its stability and, depending on the chosen application, any of these
factors may be the most significant one. The task of the electron gun in a
SEM is, in fact, particularly difficult because of the very wide range of
operational parameters that may be required, e.g. a variation in probe size of
from a few angstroms fo a few microns, and a probe current which may go
from less than a pico-amp. to more than a microamp. This wide range of
cperating parameters makes the choice of the optimum source for scanning
microscopy a difficult decision.

Historically, the first step up from the sealed glass tube ‘cathode ray
generator' was the simple, diode, tungsten thermionic emitter. With the
addition, in the 1930’s, of the Wehnelt control-grid cylinder to form a triode
gun, the thermionic emitter was able to reach its theoretical brightness limit
and a source size of a few tens of microns’. With the relatively poor lenses,
vacuums, and detectors that were then available this level of performance
was adequate and permitted significant advances to be made in the
application and understanding of the instrument itself. However, with the
development in 1958 of the Everhart-Thornley secondary electron detector it
became clear that the potential of the SEM for high spatial resolution imaging
would only be achieved with better electron sources. Two types of
improvement were investigated. Firstly, the ‘pointed * filament, developed by
Fernandez-Moran and other workers, was designed to minimize the effect of
space-charge on the cathode and to produce a smaller source size’.
Although pointed filaments do have a brightness which is 2 to 3 X higher than
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that of a conventional tungsten emitter, the fragility of the device, its susceptibility
to mechanical and thermal damage, and its consequent shortened life-span,
made it unsuitable for most purposes. Secondly, the LaBs cathode, ariginally
proposed by Laffery, was turned into a practical reality by the work of Broers and
others’. The LaBs emitter gives an increase in brightness of from 3 to 5 times
over a tungsten thermionic emitter, a reduction in source size of typically from 50
pm down to about 5 um, and only half the energy spread coupled with (in the
case of the modern indirectly-heated LaBs cathode) a long lifetime (>1000 hours)
and stable emission.

The event which took the performance of the SEM o the next level was the
development of practical field emission (FE) sources. Field emitters were not
new, for example Zworykin and collaborators had used one in the prototype SEM
in the 1940's, but two major problems had fo be overcome before they were
anything more than laboratory curiosities. The first was the provision of practical,
reliable, and clean, ultra-high vacuum systems in which to run the emitter. This
goal was met by the late 1960s, through improvements in the technology of
demountable metal gaskets, bakeable vacuum systems, and in ion and getter
pumps, which made the attainment of ulfra-high vacuums a relatively routine
matter. The second was the development of an electron gun design which would
allow the full potential of the field emitter to be realized. Here the work of Crewe
and his group provided a design which minimized the effect of gun aberrations on
the brightness of the emitter while providing convenient and flexible electron-
optical properﬂes“. Their design, which forms the basis of most of the current
generation of high resolution SEMs, was so effective that just the gun alone could
form a probe a few angstroms in diameter containing sufficient current for high
resolution imaging and microanalysis. Further they were able to demonstrate that
a comparable level of performance could be obtained even at accelerating
voltages of only one or two kV, so opening a new field of SEM investigation. Most
recently still, the work of Vu Thien Bihn and others had led to the concept of
nano-FE tips which achieve a brightness two orders of magnitude higher than that

Continued on next page

ssaud Assanun sbprique) Ag auljuo paysiiand z8vS900056261L55LS/£L0L0L/BIo 10p//:sd1y


http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1551929500065482&domain=pdf
https://doi.org/10.1017/S1551929500065482

of a regular FE source by starting from a source of atomic dimensions’.

Despite the advances discussed briefly above there is still not one single
choice of electron source which is optimum for all applications and instruments.
The best electron source for conventional electron beam microanalysis needs
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quite different properties to those found in a source optimized for ultra-high reso-

lution imaging, or to those for a source designed for application in electron beam
lithography, and so the scanning microscopist will continue to have to deal with

a variety of electron guns. B
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