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Measurements of the well known electron impact spectra of helium show that a retarding field energy analyzer
can give spurious responses; these can be minimized but not eliminated by careful adjustments of the operating

potentials. Probable sources of the trouble are discussed.

ETARDING field energy analyzers (RFEA) have
been widely used in experiments to measure the
energy distribution of electrons. It is well known that an
RFEA is effective only in analyzing the momentum in a
direction perpendicular to the equipotential lines.! Ideally,
we would like to have retarding grids made of 1009,
transparent fine mesh which could generate a well defined
potential barrier. However, the finite size of the grid wires
and the effect of field penetration give rise to practical
difficulties.

In Penning ionization work? and photoionization experi-
ments,? both having a cylindrically symmetrical scattering
geometry, electron energy distribution spectra with resolu-
tion of 0.5 eV or less have been reported. For the case of
photoionization studies by a spherical RFEA with the
ionization region located at its center, resolution to 0.01 eV
has been achieved.* We have adopted a cylindrical scatter-
ing geomefry similar to that described by Cermék? and by
Blake and Carver® to study the electron impact spectra
of gaseous samples with 30 to 50 eV beams. Our results
indicate that some unusual instrumental effects may con-
tribute to the appearance of a spectrum and that it is
important to understand and minimize these effects in
order to interpret the information obtained with the
RFEA. That these effects occur in electron impact but not
in Penning or photoionization experiments can be attri-
buted to the following reasons: (a) Metastable particles
and photons are not subject to field penetration. (b) The
electrons produced in the ionization experiments,** being
fewer and having less than 10 eV energy, are less apt to
produce secondary electrons from grids.

The purpose of this paper is to investigate the charac-
teristics of a retarding field energy analyzer through the
studies of the well known electron impact spectra of
helium gas. Similar results associated with the electron
impact spectra of a solid sample using a low energy electron
diffraction apparatus will be discussed in a separate paper.®
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The apparatus used in the present work is a modification
of that described by Kuppermann and Raff.®” The only
major improvement is the introduction of a Lozier-type
grid® as G1 into the scattering chamber. This grid selects
electrons scattered at 90°£6°, which sharpens the energy
resolution when using an RFEA, Figure 1 shows a cross
section of the cylindrically symmetrical scattering chamber
grids and the electron gun, with the associated circuitry.
The electron beam is directed into the scattering chamber
through electrode ES and is collected at the beam collector
BC. E1, E2, E3, and E4 are focusing electrodes. The
incident beam energy is determined by the potential on
ES which separates the gun from the scattering chamber
and allows differential pumping between these two
chambers. The potentials on G1 and G1A are kept equal
to that on ES5 to provide a field-free scattering region. The
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F16. 1. Cross section of the cylindrically symmetrical scattering
chamber grid system and the electron gun, with the associated
circuitry. The set of potentials with respect to the cathode used for
all experiments is as follows (unless otherwise stated): E1=10V,
E2=4,5V, E3=29V, E4=65V, E5=G1=GlA=incident beam
energy, G2=E3410V, BC=E5+4+70V, G3=0 to 30V, and
V80 to Ga= Vsnield to 8¢ =65 V—ES. A spectrum is obtained by plotting
the ratio of current increment at SC to the voltage increment at
G3 vs Vgs.
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F16. 2. Undulating background in 50 eV helium spectra with
Vsc 1o a3 at (a) 5, (b) 10, and (c) 15 V. Beam current=4.7X10"7 A,
pressure=1.5)X10"¢ Torr (uncalibrated). The inserts in Figs. 2(c) and
3 represent the locations of the atomic energy levels of helium when
the elastic peak is taken as zero of the energy loss scale.

potential on G2 is set at 10 V positive with respect to that
on E5 to prevent positive ions from reaching the scattering
collector SC. The holding potential between SC and G3 is
determined by the experimental condition of yielding a
minimum background. The energy loss of the scattered
electrons is analyzed by sweeping the potential on G3 with
respect to the cathode. The current increment on SC per
unit retarding voltage is plotted vs the retarding potential
Vs to give a spectrum.

Figure 2 shows three 50 eV helium spectra with the
holding potential between SC and G3 set at 5,10, and 15 V.
The elastic peak is plotted at one-tenth of its height in
Fig. 2(c). Since the lowest electronically excited state of
helium is the 255 state at 19.81 eV above the ground state,
there should be a flat background between the elastic peak
and the first energy loss peak. However, we see from these
50 eV spectra that when the holding potential Ve 1o a3 is
set below 15 V there is an undulating background super-
imposed on the inelastic peaks. Similar tests for 40, 35,
and 30 eV electron beams indicate that the background
undulation is smaller than 109, of the 21 eV energy loss
peak of helium whenever Vgc o a3+ Vincigent=> 65 V. We
also find that the full width at half-maximum (FWHM) of
the elastic peak, which represents the resolution of our
instrument, increases to 1.1 eV with increasing Vsc 1o a3
when (Vsc 1o ¢3+ Vineidens) =05 V. Thus, impact spectra
of molecules are taken under this condition for minimum
background and moderate resolution. It is worthwhile to

point out that the 50 eV helium spectrum in Fig. 2(c)
agrees very well with the 60 eV helium spectrum reported
by Doering.®

Figure 3 shows a 30 eV helium spectrum with the
inelastic structure superimposed on a rising background
which exists as a large broad peak in the region where the
residual energy of an electron is smaller than about 15 eV.
This background moves away from the 20 eV energy loss
region when the incident beam energy is increased. Further-
more, due to the fact that G2 is set at E5410V, thereis a
second large broad background peak located 10 V higher
than the one corresponding to the incident beam energy in
the energy loss spectrum (not shown in Fig. 3). The dashed
curve in Fig. 3 represents a blank run after shutoff of
helium. It is noted that the rising background cannot be
simply related to either the pressure or the elastic peak.

Figure 4 shows the 90° electron impact spectra of
helium with beam energies of 50, 40, 35, and 30 eV. The
most prominent feature of the spectrum is the unresolved
2'P and 28P peak with a shoulder due to the 2\§ excitation.
The 23§ excitation is detected only at beam energies of 35
and 30 eV in the present work. Our results (except the
rising background) are consistent with the electron impact
studies on helium by several authors.>1%

The present experiments on helium gas serve the im-
portant purpose of testing the instrument. We see that the
undulating background may be minimized by using a suit-
ably large holding potential between SC and G3. The rising
background problem is most serious when we want to scan
the energy loss region within about 15 eV of the primary
beam energy. Fortunately, the ionization potentials for
many molecules are around 15 eV or lower. Thus, we can
still use the present technique to obtain electron impact
spectra_for those molecules at incident beam energies of
30 eV or higher. Results obtained from several molecules
will be presented elsewhere.

Concerning the fundamental sources of the trouble we
believe that the following are most responsible.

(a) Field penetration. When measuring the scattered
current at large energy loss, we have to set Vs at more

" and more positive potentials with respect to the cathode.

The closer Vs gets to the value of Vg, the greater is the
field penetration into the electron beam region, with
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Fic. 3. Rising background in a 30 ¢V helium spectrum with beam
current=0.98X10"7 A and chamber pressure=3.2X10~* Torr. The
dashed curve is a blank run after shutoff of helium; beam current
=1.04X 1077 A and pressure=1.4X1075 Torr. It is obvious that the
background is not simply related to either the pressure or the elastic
peak.

consequent withdrawal of beam electrons which then reach
SC without having been scattered.

(b) Scattering from grids. Elastic and inelastic scattering
and secondary emission from the grids are unavoidable
although all the grids and collectors are coated with
platinum-black. Reflection and secondary emission from
surfaces due to electron bombardment have been well
known. !¢

(c) Insulating films. The phenomena of insulating films
formed from organic substances deposited on surfaces
under electron impact have been reported by several
authors.' Qur diffusion pumps with Octoil-S pump oil
and liquid nitrogen traps yield an ultimate vacuum of
~5X 1077 Torr in the system. However, the possiblilty of
insulating films occurring on the grids and collectors after
prolonged operation cannot be excluded.

It seems to us that the insulating films may be the
major cause for the undulating background whereas field
penetration and scattering from grids may account for the
rising background.
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F1c. 4. 90° electron impact spectra of helium at beam energies of
(a) 50, (b) 40, (c) 35, and (d) 30 eV. Beam current and pressure are
the same as in Fig. 3. The spectra are plotted against the energy loss
after contact potential corrections.

It is noted that Doering® also observed a similar rising
background in the impact spectrum of ethylene when he
used a retarding field method to select the scattered elec-
trons which then entered a 127° cylindrical electrostatic
analyzer. Recently, Doering and Williams™" were successful
in eliminating this (what they called an electron-optical
effect) by adding an electrostatic lens system between the
scattering center and the 127° analyzer.

Two remedial steps are suggested by the present ex-
perience, namely : (a) to test the instrument with a sample
whose impact spectra are well established, then to perform
experiments under allowable conditions; and (b) to replace
the retarding field method by an electrostatic .analyzer
with well designed lens systems such as Kuyatt and
Simpson’s design.?® The latter step has been taken by
Doering and Williams.!

We conclude that the instrumental effects discussed
above are specific characteristics associated with the
RFEA in electron impact work. We hope that the present
work may serve as a reference for those who use similar
techniques.
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