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The arc loss of multlmegaw,att microwave gas dmcharge duplexers IS the subject of thm paper. It

IS shown that the dmcharge at these power levels can be considered as a Iossy conductor of freed sur-

face area andvarymg thickness, given by the skm depth wh~ch varies w,th peak mc~dent power. Since

the skm depth M always smaller than the d~scharge container dimermmns, the analy,ms M greatly

simplified as compared with other treatments (Reference 1). These small skm depths are always

reallzed m multlmegawatt swltchmg applications

In h,gh power microwave gas duplexers the discharge normally occurs Immedlatelybebmd a res.

onant window iris, and for the purposes of swltchmg, this structure can be placed either in ser~es or

m shunt wltb an appropriate waveguide. Two cases have been considered (1) a dlscbarge window

terminating a wave~ulde as shown m Figure la and, (2) a window mounted m the E-plane of a vJave -

gu~de as shown in Figure lb. Because the d~scharge loss ,S rmrmally less than O.1 db, the window

l(a) WINDOW TERMINATING A WAVEGUIDE
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I (b) WINDOW IN E-PLANE OF WAVEGUIDE

Figur~ 1. Shunt and Series Wavegude Windows
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iris structure can be quite compact. It consists of a precisiOn bored mOunt infO which a discharge

tube has been inserted. The tube is typically about half the wave guide height in diameter and extends

the full wavegnlde width in length (Reference 2). Even thOugh the windOw iris is Of the OFder ‘f a

wavelength in size, distort+ on of the wave guide fields by tbe iris can be neglected, This is because

the discharge immediately bebind the iris is very nearly a perfect short cmcuit; when high micro-

wave power is incident on the window iris, the resulting discharge is so intense that virtuallY all

power not dissipated in the discharge is re~ected. Furthermore, the resulting visible discharge’s

very thm - on the order of a few hundredths of an inch in thickness. Under these cOnditiOns the dis-

charge can be treated as a thin strip of 10SSY conductor whose surface area equals that of the iris.

Arc loss is defined as the ratio of power ahsorbed to power incident and for a discharge termina-

ting a wave guide, the above approximations lead to the expression
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where

R~ =

z=

discharge surface resistance

characteristic wave guide impedance.

This equation pre diets that arc loss should vary linearly with iris height and it is found that this is in-

deed the case as shown by the experimental data on Figure 2.
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Figure 2. Gas Discharge Arc Loss versus Total Iris Height
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In tills equatmn ~ and U. are respect,x-..l:- the rad,an m,c]wv a,-, frrqu. nc: and Irtc space pemneab,l.

~ty - m and e, the mass and charge of an electron Thr eff’, rtl, , COIL, SI<,,, frcq~(e,lcy, “eff IS f)ropo l--

t,onal to zas pressure and includes the ?ffects of both c?lvctron-atonl a,lct [lrctl on-]un COIIISIO IIS m the

d,scharge, Both surface reslstlx-,t~- and al.c loss are seen to t-am ,m c rs+ l} R ,th th~ square root of

electron density and th~s 1s shown on F~gure 3 IVII?I,C the am loss to,, a g,, CII wa,-cqwd? S,ZC, ire-

quency, and t/a ratm IS plotted !-ers”s electron dens~t~- for tbr., P <I,tf,.,.,,!lt qas pI-C.S.SIJI <?s. ,rhe ~llght

departure from this electron dens,ty ramatmn at perc?lltagc lon~zat,uns Am, e 1 IXIX rnt IS due to

electron-~on coil, s,ons,

~ I
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F~gure 3. D~schar-ge Arc Loss per Umt II-M He~ght versus Electron Dens@

If the electron dens~ty E assumed to be dmectly proportmnal to the waveg”~de cm-i-e”t, then arc

loss should vai-y reversely as the one fourth root of peak power. Th, s M experimentally found to be

the case as shown by the data on F~gure 4 where the theory has been rmrmal~zed to the data at onlY

one point, mdlcated by the arrow. Excellent agreement w~th theory ,s seen for power “arw.t, ons mer

bett~r than two orders of magmtude.

In the ser,es discharge case, as shown on Flgwre lb, tbe arc loss express~on contains an add~tm”al

term due to the fact that both long~tudmal and transverse currents are present

‘ab [* (+’”? ‘++; ‘1+]AE=R~

Here q IS the unpedance of free space, and f/fc ,S the ratm of operating frequency to cut-off fre.

q“ency for the prmmple wavegmde mode.

A quantity of partlwlar interest to the d“plexer des~gn engineer IS AE/AT, the Yat,o of Ser-les to

shunt arc loss. A knowledge of tires ratio allows test results on discharge windows termmatmg a
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Figure 4. Arc Loss versus Peak Power

single channel wa”egu~de to be extrapolated to predict the high power performance of balanced struc-

tures using series switching elements. For a given peak power this ratio is always less than one,

regardless of window dimensions, clearly mdicatmg that series switching elements have lower h,gh-

power loss than shunt elements. In the limit of zero ir,s length, this ratio has a minimum value of

approximately 0.5 when both Iong,tudmal and transverse current terms are included.

[1
.~1 =;l+~--0.5

~+o
a

V2 (f/fc)z

However, if attention IS focused only at the window center where high power thermal failure occurs,

then the transverse current is zero and the limiting value of this ratio is 0.25, indicating that a

balanced ATR duplexer with series switching elements should have four times the power handling

capability of a balanced TR duplexer.

It has been shown that the arc loss of multimegawatt gas discharge duplexers can be analyzed ~n

the approximation that discharge skin depth is small compared to the d,scharge tube dimensions. In

a~eement with this analysis it has been shOwn experimentally that: (1) arc 10SS varies linearlY with

iris height; (2) arc loss varies in”ersely with the one fourth root of a“erage peak power; (3) for a

given power level, series arc loss is always less than shunt arc loss. These results have been of

great value in predicting the loss and power handling capability of extremely high power balanced

TR and ATR dLIP1exer. from .= S.. ““ a.rnple .hu”t rr.our.t. d dB.ha.. s. -irldow..

u
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