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SECONDARY ELECTRON SUPPRESSION
IN

CHARGE COLLECTORS AND ANALYZERS

Simple parallel electrodes, electrostatic energy analyzers and
charge collectors, as shown in Fig, la for example, have been widely
used to obtain electron and ion current distributions, The simplicity
of the construction and the analysis of data from these devices,
however, is somewhat offset by their susceptibility to error from
secondary emission within the detector,' ™ We will describe here a
scheme which allows suppression of secondary particle emission while
retaining the advantages of the simplest device,

The typical ion charge collector (Fig, la) has openings on the
first grid (or entrance hole or slit) less than the Debye length of the
impinging plasma so that the electrons can be separated from the ions,
In Fig. la, a negative bias is usually applied to the collector to
repel plasma electrons and secondary electrons from the first grid and
attract slow ions, However, secondary electrons are knocked out of the
collector (or any portion of the analyzer that is struck by particles),
and if not recollected, contribute to the detected current, Efforts
to suppress these secondaries by grids in front of the collector,

(Fig, 1b), are only partially successful since they themselves
contribute secondary electrons due to being struck by particles, When
secondary emission coefficients are large (due to high energy incident
particles) even highly transparent grids contribute currents which may
dominate over incident fluxes, Another method used to suppress
secondaries are magnetic fields placed perpendicular tothe collector
plntesz (Fig, lc)., These magnetic fields reflect secondary electrons

Note: Manuscript submitted April 12, 1977.
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back into the collector plate and thereby cause them to be recollected,
One disadvantage of this technique is that a plasma drift can be

created within the analyzer due to crossed electric and magnetic fields
which can reduce the suppression efficiency, Another drawback to
magnetic suppression is that the magnitude of the magnetic field puts
restrictions on both the axial and transverse momenta of particles that
may be accurately analyzed, Still another technique to minimize
secondary effects is the usage of the faraday cup geometry (Fig, 1d),

A disadvantage here is that the signal-to-noise ratio is reduced because
of the smaller collection area.

The device that is described here to suppress secondary particle
emission is illustrated in Fig, 2, The suppression grid is simply
replaced by a conducting tube with large length to diameter ratio,

When a potential V° is applied to this tube, the region within the tube
assumes a potential very close to Vo' In fact, the on-axis potential

halfway into such a tube of length L and radius a (L >> a) is given by,”

-(VOIL/2a) g

L
‘_’19‘,_._%)_,1_4& : (1)
o

v 0171(Mo1)?

where Vo1 is the first zero of the Bessel function.Jo(v01) = 0, For
example, when L/a = 4,8 then the potential everywhere within the tube
is within 14 of the applied potential, The tube then supplies the
suppression potential without physically intercepting the particles,
The tube, therefore, cannot be a source of secondaries, as can a grid,
nor are there any contact potentials to worry about, The entrance
grid (or hole) can still be used for the separation of the electrons
from the ions of the incident plasma when the device is used as an
ion collector but, in any case, should be small enough that the final
diameter of the beam is less than the diameter of the tube, Both
geometric and space charge expansion should be considered here,®
Geometries other than tubes such as parallel plates may be desirable
for some applications and in principle are possible, Tubes placed in
tandem can take the place of multiple grids,
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A device of this type was used successfully as an electron energy

.unalyzer with the biasing shown in Fig, 2a, and more recently, as an

ion time-of-flight charge collector for laser fusion studies (Fig, 2b).
The operation in the electron analyzer mode has been described
previously by the first author,® Here, we will discuss its properties
as a time-of-flight ion collector, its application towards the absolute
calibration of an ion species analyzer and as a method to measure
secondary emission coefficients,

The uncertainty in secondary electron coefficients and their
functional dependence upon species, ionization state and energy of ions
produced by short pulse laser produced plasmas is of major concern for
quantitative evaluation of the popular ion charge collector data,

A comparison of current traces of an analyzer with a tube (Fig, 2b)
and a grid (Fig, la) on the same laser shot and at almost the same
angular position is shown in Fig, 3, These data were obtained in the
irradiation of a planar polyethelene target by a focused Nd-laser beam
of duration 100 psec and irradiance of ~ 10*° W/cm®, 4 Comparison of
these traces yield, after scaling for differences in solid angles
subtended by the two analyzers and distances from the plasma source,
average electron secondary coefficients for ions of interest with
speeds of v < 107 cm/sec, Comparison of these traces with data from

an ion species analyzer®

shows that the differences in shapes of these
two traces are due to distortions caused by differences in secondary
coefficients of hydrogen and various carbon species at the
same velocity and the variation of the secondary electron coefficient as
a function of energy,’ Figure 3c shows the average secondary emission
coefficients, v, obtained by taking the ratio of the traces in 3(a) and
3(b).

Many ion species analyzers are using the same collection system
principle as these charge collectors, and, therefore, are amenable to
a similar secondary electron suppression system in front of each
collector,

For some applications, however, the emission of secondary electrons

at the collector can be used to increase the analyzer signal-to-noise
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ratio, The secondary coefficient - must then be measured for an
absolute calibration,

The secondary coefficient can be measured in such an ion species
analyzer by splitting the collector into two equal parts as illustrated
in Fig, 4. One half of the collector has the secondaries suppressed
so that only the ion current is measured and in the other half the
suppression tube is biased to collect the emitted secondaries, The
secondary coefficient is the secondary current to the ion current
ratio, This method of obtaining vy, especially when v is large, should
be much more precise than simply using a single collector and
subtracting secondary current from the collector current because it
does not involve a subtracting of two large and almost equal quantities,
For v € 1 the secondary current at the collector may be directly
compared to the tube current to obtain v without the need to split the
collector system,

In summary, we have described a simple electrode geometry which
eliminates secondary electrons or allows one to measure its secondary
coefficients thereby expanding the versatility of direct charge
collection diagnostics,
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Fig. 1 — Typical ion charge collector arrangements with (a) no secondary
suppression and with secondary suppression by (b) grids, (c) magnetic fields,
and (d) Faraday cup
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Fig. 2 — Particle analyzers with secondary electron suppression tube, (a) an
electron energy analyzer and (b) an ion charge collector
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Fig. 3 — Comparison of the current vs time traces from two ion charge collectors
with (a) no secondary suppression, and (b) with tubular secondary suppression.
The ratio of the currents gives the average secondary coefficient ¥ shown in (c).
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Fig. 4 — Split tubular charge collector system to measure y when y >> 1
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