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Sounding rockets and satellites typically carry a variety of instruments that
almost always includes a low energy ( <20 keV) electron detector. While the
principle of operation of these electron detectors is often simple, the actual
electrical and/or mechanical configuration usually requires that several ap-
proximations be made while designing for optimal instrument response. The
situation is often further complicated by spatial nonuniformities in electron
multiplier devices such as microchannel plates. Because of the difficulties
in analytical and numerical modeling of these approximations, the response
of the instrument is best determined by calibration with an appropriate
electron beam. A facility for testing and calibrating low energy electron
detectors has been designed and built based on basic physical principles.
The electron source is very nearly uniform in energy and parallel across a
12.7 em diameter. Both the energy and the intensity of the beam can be
varied smoothly, up to approximately 20 keV. The facility has been used
in conjunction with a positioning table to test several rocket and satellite
instruments and has proven to be an essential tool in the development of

quality instruments,

1. INTRODUCTION

Satellites and sounding rocket payloads used to make
plasma measurements in the Farth's magnetosphere and
the solar wind typically contain a variety of particle de-
tectors, at least one of which is used to measure low
energy electrons. These low energy detectors are usu-
ally electrostatic analyzers, which have inherent sources
of error due to stray elecirie fields, non-uniform response
of the electron multiplier (e.g. microchannel plate), ete.
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While it is net pessible to accuralely predict these er-
rors, they can be quantified by determining the response
of the detector to a known souree. Such a source should
have an angular and energy width that is much nar-
rower than the response of the instrument and a beam
that is spatially uniform and large enough to flood the
entire aperture of the instrument. Of course, the beam
energy and intensity must also be tunable to accomo-
date the range of instrument. The source can then he
used to quantify various components of the instrument
geometric factor which, in prineiple, can be used to ob-
tain a nominal value for the total geometnc factor. In
practice, however, the geometrie Metor will change over
time due to degradation of the electron multiplier and
so its delermination has limited usefulness.

A variety of other techniques for generating such elee-
tron beams have heen developed in the past. Pierce
[1940] devised a novel method for obtaining a parallel
electron beam that uses electrostatic lenses, although
for low beam current this method seems to have ne
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302 AN ELECTRON CALIBRATION SOURCE

significant advantage over a long beam line method.
Arnoldy et al. [1973] combined a thermionic source with
a scanning positioning table to measure instrument re-
sponse and Paschmann et al. [1970] generated a calibra-
tion beam by acelerating electrons emitted from a beta
source. While all of these methods have advantages and
disadvantages, the type of source discussed in this pa-
per is unigque in the sense that it provides an improved
combination of the important beam parameters.

2. DESCRIPTION

The principles of operation of this calibration source
are based on a similar design by Marshall el al. [1986].
Ultraviolet photons, generated by a mercury are lamp,
are incident on a thin (350 A) chromium film (see Fig-
ure 1). The chromium used in our case is 99.99% pure
and is applied to one side of a quartz window which
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is lit from the opposite side so that the light passes
through the window and sirikes the film from the back
side. The film is backlit in order to more easily ob-
tain uniform lighting of the film. The film thickness is
such that the light penetrates the film, releasing elec-
trons that are accelerated to the desired energy. For a
low pressure mercury arc lamp, the photon spectrum is
sharply peaked at 2537 A, corresponding to a photon
energy of 4.9 eV. This energy is slightly greater than
the work function of chromium (4.5 eV as stated in An-
derson [1981]), so the photoelectrons have a nominal
kinetic energy of ~0.4 eV. The chromium film is nega-
tively biased and is placed in close proximity (5 em) toa
grounded screen. The resulting electric field accelerates
the photoelectrons to an energy corresponding to the
bias on the film which is controlled by a high voltage
power supply. The upper limit to the eleciron energy
is determined by the power supply capacity, assuming
that high voltage arcing does not oceur.
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Figure 1. A schemaiic of the electron calibration source., Ultraviolet photons emitted from a mercury
arc lamp are passed through a ground quartz diffuser and strike a thin chromium film, The film is biased
and placed near a grounded screen so that pholoelectrons emitted from the chromium film are aceslerated

to the desired energy.



Different aspects of the beam quality are affected by
different components in the system. While the electron
energy and angular spread are determined by the geom-
etry of the window and accelerating screen, the beam
uniformity, stability and intensity are nominally depen-
dent on the ultraviolet source. The following two sub-
sections present a discussion of these issues,

2.1. Ultramolel Source

The guality of the ultraviolet photon source, as the
first stage in the generation of the electron beam, is
extremely important since any instabilities or nonuni-
formities in the arc will be directly transferred to the
electron beam. This is a difficult problem because any
arc lamp is inherently unstable. As the temperature and
pressure of the vapor inside the lamp change, the con-
ductivity of the vapor will also change and this variation
will, in turn, affect the temperature and pressure, etc.,
resulting in a negative volt-ampere characteristic. The
usual solution is to drive an are lamp using an ac power
supply, which eauses the lamp to flash 120 times per sec-
ond, making the lamp appear to be stable, This flicker
rate, however, is often close to the sample rate of the
instrument being calibrated, resulting in aliasing of the
beam with the sample rate. A solution to this problem
that also allows control of the lamp intensity is to use
a ballast resistor in series with the lamp. The result-
ing circuit then has a positive volt-ampere characteris-
tie and can be driven from a de power supply [Keller,
1852]. By using a de power supply in a current limited
mode, the light intensity (and resulting electron beam
intensity) ¢an be controlled with arbitrary precision.

This technique is implemented in our system. The
lamp is a commercially available EPROM eraser that is
effectively a 20 em square grid, formed by shaping a 7
mm tube into evenly spaced rows, | cm apart. The large
size was chosen in order to illuminate the 17.8 em di-
ameter chromium window uniformly over its total area,
while avoiding the use of lenses and the problems of fo-
eusing, vignetting, ete. By trial and error, we found that
n ballast resistor of 80 k{2 is enough to stabilize the lamp.
A higher resistance produces an arc that is more stable
but resulis in a reduced lamp output. With the 80 kf2
resistor in series with a high voltage de power supply,
the lamp is stable in the sense that it will not extin-
guish itself, although some flickering in the arc will still
he present at normal temperatures, apparently because
temperature and pressure equilibrium is not reached.
The flickering can be eliminated by heating the lamp
to a temperature of 75 C, which is a warmer tempera-
ture than the arc wounld attain by itself. This solution
is accomplished by mounting the lamp to a large alu-
minum plate and heating this plate with a molybdenum
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filament epoxied into a machined groove. A thermistor
is epoxied to the plate to monitor its temperature and
to control the current through the filament to keep the
temperature consiant. In practice, once the lamp and
heater have been turned on for 30 minutes, all flicker-
ing in the lamp appears to stop and no flickering in the
electron beam has ever been observed after warm-up,

The uniformity of the electron beam depends on sev-
eral variables, but it depends fundamentally on the uni-
formity of the ultraviolet source. In order to produce
a broad, uniform source of photons from the EPROM
eraser, the horizontal rows that constitute the grid need
to be diffused. Two steps are taken to accomplish this.
First, the aluminum plate that contains the heater fil-
ament and supports the lamp is machined to act as a
mirror to reflect as much light as possible toward the
chromium film. The goal of this step is Lo reduce the
contrast belween the rows and the spacing in between
the rows. In addition, a quartz window, ground on both
sides to act as a diffuser, is placed in between the lamp
and the window that supports the chromium film. The
combination of this mirror and diffuser results in a pho-
ton flux that shows no visible signs of nonuniformity due
to the shape of the lamp.

Finally, we note that a significant amount of ultra-
vialet light leaks through the chromium film and s in-
cident on any instrument being calibrated. While we
haven’t yet been able to quantify this flux, we point out
that instruments that do not have the usual baffles and
coatings to inhibit sunlight contamination will normally
detect the ultraviolet photons. Although this may often
be undesirable, it is possible to use the photon beam to
act as a crude measure of the effectiveness of the baffles.

2.2 Electron Production and Acceleration

The production of a useful beam in this system re-
quires that a significant number of electrons be released
from the film to become accelerated by the applied elec-
tric field. Marshall et al. [1986] used a gold film of 385
A thickness in their electron source. Gold works well
as a photocathode since it is very stable, but it does
not adhere to quartz very well and must be recoated
periodically. Over time, the quality of the coating de-
teriorates and the electron beam becomes increasingly
nonuniform. Most metallic coatings would suffice as a
long as the photon energy exceeds the work function.
We use chromium because it adheres well to quartz and
can even be washed with a solvent if necessary. Crude
measurements show that 350 A is nearly an optimal
thickness for chromium, although further testing should
be done to determine the optimal thickness more aceu-
rately,



304 AN ELECTRON CALIBRATION SOURCE

The 178 em coated quartz window is mounted in
a large frame {30 em in diameter) in order to reduce
non-parallel accelerating fields. The frame is made of
alominum but is coated with graphite since aluminum
oxidizes very quickly and aluminum oxide is a poor con-
ductor. The frame and film are electrically 1solated from
the rest of the chamber and are biased to provide the
desired electron energy. The accelerating field is pro-
vided by placing a grounded screen nearby (5 em). The
screen is made from 0.1 mm diameter stainless wire that
is coated with graphite to reduce stray reflections. The
screen wires are spaced 3.2 mm apart, providing 94%
Lransmission .

i. PERFORMANCE

In this section, the characteristics of the electron
beam are discussed. Data was obtained using a simple
instrument consisting of a channeltron electron multi-
plier mounted behind two pinhole apertures. The aper-
tures are made to be removable so that different sizes
could be used and in routine operations apertures with
areas of 1 mm? and 10 mm® are used. The angular
acceptances of these apertures are 1.26° and 3.9° half-
angle, respectively. The instrument was mounted on a
five axis positioning table that is controlled by stepping
motors interfaced to a personal computer, Translational
motions can be stepped by as little as 0.025 mm and ro-
tational motions can be stepped by 0.1%.

3.1. Beam Energy Spread and Angular Spread

The electron beam has an inherent energy and angu-
lar spread due to the physical processes which produce
it. Following Marshall et al. [1986], we consider the
simple case where we ignore thermal fluctuations and
assume thal the initial kinetic energy of each photo-
electron is simply the difference between the photon en-
ergy and the work function. Although a more thorough
anaylsis would include the effect of thermal fluctuations,
this has not been carried out in our work. In our sim-
plified situation, we take photoelectrons to be ejected
from the photocathode in some arbitrary direction with
initial kinetic energy E;. After the electron has been
accelerated to the beam energy Ej, an angular devia-
tion Af = arctan( E;/ Ey)"/? exists, where 8 is measured
from the normal to the cathode. Because the deviation
is inversely proportional to the beam energy, it decreases
as the beam energy is increased so these Lwo quantities
are nol independent.

The response of a pinhole apertured detector such as
the one described abeve is related to the angular spread
of the beam as W2 = H’E;, + Af#? where W is the mea-
sured angular spread and W, is the angular response of
the detector [Marshall et al., 1986]. The observed angu-

lar spread is defined as the full width at half maximum
of the total angular acceptance. Typical calibration en-
ergies are such that E;/E, < 1, implying that this equa-
tion can be approximated by W?* = W2 + E;/E;, an
equation for a straight line with slope E£;, the initial
kinetic energy of the photoelectrons. In the approxi-
mation that ignores thermal fluctuations, this energy
corresponds to the energy spread of the beam since this
initial kinetic energy can be directed at any angle rela-
tive to the accelerated beam and so can add arbitrarily
to the beam energy. This method allows us to obtain
a measure of the energy spread of the beam based on
measuremnets of the angular spread. In particular, by
measuring the angular spread of the beam W2 at a num-
ber of different beam energies and plotting W? versus
1/E; for all cases on a single plot, we ean determine E
from the slope of the line, Measurements were' made
using four beam energies, ranging from 1.5 keV to 8.0
keV and we found E; to be D.45 eV, consistent with the
expected value of 0.4 ¢V. A typical value for the angular
spread is Afl = 1.6°, measured at Fy= 2 keV,

3.2

The electron beam uniformity depends on a number
of factors, including the uniformity of the photon beam,
the uniformity of the chromium film and the configu-
ration of the aceelerating screen, Beam uniformity can
also be adversely affected by stray ultraviolet light.

Several steps were taken to try to insure the unifor-
mity of the incident photons. As mentioned above, the
arc lamp was mounted on a reflector intended to de-
crease the contrast between Lhe are and the area im-
mediately surrounding it. The light was then passed
through a ground quartz diffuser, resulting in no visible
nonuniformities in the photon beam. The problem of
stray light, however, can be significant and can affect
the beam in two wavs. First, light incident on nearby
metal surfaces such as chamber walls can emit photo-
clectrons that may possibly be accelerated in the di-
rection of the detector by stray electric fields, although
these electrons would not likely have enough energy to
be confused with the beam. We have not been able to
detect such stray beams in our system. Stray light can
also be a problem if it is incident on the photocathade,
since it can significantly modify the beam current in a
small area. Although we have set up some simple baffles
to try to reduce this problem, it does seem to affect the
uniformity of the beam in our case, as discussed below
and shown in Figure 2. The baffles we have used con-
sist of graphite coated aluminum plates placed around
the photon beam, although a more sophisticated baffling
system would probably result in reduced stray light and
a more uniform electron beam.

Beam Current Uniformily and Density
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although a more thorough investigation needs to be car-
ried out,

The data in Figure 2 shows the average beam cur-
rent density to be approximately 0.1 p:’t,i’cmz. We have
been able to increase the current density by a factor of
2 above this value succesfully, but any further increases
are done at the risk of damaging the ultraviolet lamp.
On the other hand, the beam current can be decreased
at least an order of magnitude. It would be very desir-
able for a system such as this to be variable over several
orders of magnitude, however, so that it would be able
to accomodate instruments with very different gecinet-
ric factors, could test saturation effects, etc. While we
hiave not tried to do so0, it may be poesible to build such
a system by using multiple lamps that can be controlled
imndependently.

4. SUMMARY

We deseribed the design and construetion of a low
energy electron calibration source, This source consists
of a broad beam (12,7 em in diameter) with an energy
spread of 0,45 ¢V and an angular spread of Af = 1.6°
at Fy= 2 keV. The upper limit to the beam energy is
restricted only by the capacity of the high voltage power
supply used to bias the chromium film. The lower limit
18 near 10 eV, at which point the Earth’s magnetic field
bends the beam away from the instrument. Typical

beam current densities are the order of 0.1 p.-‘\.f:m? and
can be controlled by varying the current through the uv
lamp, although the dynamic range is only an order of
magnitude. '

Beam uniformity on a large scale (several centime-
ters) seems to be affected by stray uv light, although
this problem can likely be alleviated with proper shield-
ing. The uniformity on a scale the size of the screen
wire spacing is also an issue. With the current spac-
ing of 0.32 em, the screen patlern is clearly visible in

the beam at a distance of approxiamtely 10 em. A
proposed improvement is to decrease this spacing to a
dimension much smaller than typieal instrument aper-
tures, although this will change decrease the beam cur-
rent density somewhat.
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