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6.5 A Plasma Guide Microwave Selective Coupler

William H. Steier* and I. Kaufman
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A new type of microwave coupler, the plasma guide
coupler, has been investigated. The coupling of microwave
power via this plasma guide coupler canbe varied electron-
ically over a range greater than 30 db over an entire wave-
guide band. Pulsedpower levels of more than 100 watts can
be handled. When operatedas a switch, a switching time of
5 usec has been observed. The plasma guide coupler is
shown in Fig. 1.

In one mode of operation, which has been observed
earlier! and is investigated in detail here, a discharge tube
is surrounded by a metal sleeve. Trivelpiece and Gould?
have demonstrated that such a stationary plasma column
without external magnetic field can propagate electromag-
netic energy, provided the plasma density exceeds a crit-
ical value, determined by the operating frequency and the
dielectric constant of the tube containing the discharge. We
believe that this plasma surface mode of propagation is the
mechanism by which power transfer between guides is
achieved. At densities below the critical value, the guides
are decoupled. As the plasma density is raised above the
critical value by increasing the discharge current, the cou-
pling between the guides is increased, until it eventually
approaches a constant value. Figure 2 shows a plot of cou-
pled microwave power vs. discharge current. Because of
this characteristic, the assembly can be used as an elec-
tronically variable attenuator or waveguide switch.

To verify the plasma coupler theory experimentally,
the critical plasma densities were measured and found to
agree approximately with the values predicted. By the use
of mode filters anda radial probe, it was found that the prin-
cipal mode of propagation along the plasma had one angular
variation, as canbe expected by the method of coupling used.
Wavelength measurements showed that at high densities, the
wavelength along the column was approximately the free
space wavelength.

An X band mercury vapor plasma coupler, operatedas
a switch, had the following properties:

a) Insertion Loss - 8.5 db, withimprovementpossible
through better impedance matching.

b) Isolation - 40 db.

¢) Power handling ability - 128 watts of 1 4 sec pulsed
power, with 30 db isolation.

d) Switching time - 5 sec.

Figure 3 shows the response of the switch to a 2 usec,
44 volt pulse. Of interestis the time delay between switch-
ing and microwave pulses. The switching power required
was 88 watts.
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In an alternate mode of operation, the metal sleeve
around the plasma is made large. Now, when the plasma
density is very low, the plasma guide will conduct in a hol-
low waveguide mode. Increasing the plasma density in-
creases the cut-off frequency of this mode, similar to that of
a plasma-filled rectangular waveguide.® When this cut-off
frequency passes beyond the operating frequency, propaga-
tion ceases, and the guides are decoupled. In this transi-
tionregionthe plasma guide againbecomes an electronically
controlled attenuator or switch.

By combining the two modes of operation, the system
will alternately couple, attenuate, and couple, as the cur-
rent is monotonically increased, as shown in Fig, 4.

The plasma guide properties canbe demonstrated fur-
ther in combination with a non-linear plasma property. By
observing the pulsed voltage across a resistor in series
with the discharge, the system can operate as a high level
detector of pulsed microwaves.* The sensitivity of the de-
tector as a function of quiescent discharge current is shown
in Fig. 5 and agrees qualitatively with that predicted by the
plasma guide theory. The greatest sensitivity occurs in the
transition region, where the plasma guide is propagating,
but where the penetration depth of the microwaves into the
plasma is the greatest.
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Figure 2 - Coupled Microwave Power vs Discharge Current;

Figure 1 - Plasma Guide Microwave Selective Coupler.
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Figure 5 - Nonlinear Characteristics of Plasma Coupler.
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