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High Efficiency Collector for Microwave Tubes

Figure 1

The problem:

The residual energy in spent electron beams emerging
from the exits of microwave tubes represents both a loss
in efficiency and a heat dissipation burden. For space
communication systems, where high efficiencies and
minimum cooling are required, recovery of this energy
is mandatory. “Depressed collectors” which slow down
the electrons and collect them on surfaces at the lowest
possible potentials provide this function. Present collec-
tors, however, are inefficient due to excessive back-
streaming of slow primary electrons and secondary
electrons, and could not be applied to microwave tubes
which were themselves relatively efficient.

The solution:

A new depressed collector has been developed; it
takes a basic configuration of a dish with a central cone
and a protruding spike, Figure 1. This geometry effec-
tively performs three functions at thé same time: it
velocity sorts the electrons; it slows the electrons down
to minimum realizable velocity at collection; and it pre-
vents the backstreaming of secondaries and reflected
primaries into the interaction region of the tube.

Figure 2

How it’s done:

The collector is actually a series of electrodes, Figure
2, that recovers electrons of varying velocities. The
collector works by slowing down the electrons and
collecting them on surfaces at the lowest potentials. An
accurate and complete achievement of this task is pos-
sible only after exact trajectories of the electrons have
been calculated. This calculation, in turn, requires an
accurate solution of the shape of magnetic and electric
potential fields in the presence of a high density space
charge flow produced by the electrons. The solution
was based on the use of the Green’s function method
in elliptical harmonics. This solution prevents space
charge “blocking,” and backstreaming of secondaries
because the latter are automatically suppressed by nega-
tive electric fields present on the “upper” side of the
plates where collection occurs.
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Notes:
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