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The rapidly increasing number of high-power transmitters are creating a

1 A large part of this prob-serious problem in radio frequency interference.

lem is the emission of harmonic and other spurious frequencies, which can

be eliminated without affecting the signal bandwidth of the transmitter.

Various types of filter have been investigated both analytically and experi-

mentally; this paper will review some of this work. The intention is to com-

pare different situations and different filters, rather than to treat any one

filter in detail.

It is possible to reduce the emission of spurious power by design modifi-

cations to the high-power tube, or by incorporating a filter as an integral

part of the output circuit of the tube, but this approach will not be further

discussed here.

The more usual approach is to fit a filter into the transmission line be-

tween the transmitter and the antenna. Factors which must be considered

are the location, size and complexity of the filter, as well as its power-

handling capability, VSWR and dissipation loss in the passband, VSWR and

attenuation in the stop band, rate of cut-off, passband and stop-band band-

width, as well as whether it should be an absorbing or a reflecting filter in

the stop band.

Leaky-wave filters 2’3’4 have been used extensively where low-pass ab-

sorbing filters are specified. They are well suited to absorbing undesired

frequencies from roughly the second to the fifth harmonic, inclusive. Each

Fig. 1. Leaky-wave filter in coaxial line (fram M/crowave J., Ref. 4).

——
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filter requires a multiplicity of waveguide and abaorbing loads, into which

the spurious power is coupled. This coupling decreases with increasing fre-

quency, and so the attenuation falls off as the frequency increases. A

leaky-wave filter in $06a~ia1 line is shown in Fig. 1.4

Waffle-iron filters ‘ ‘ are low-pass reflecting filters. They are compact

and can be made to yield high attenuation over a wide atop-band. Power

handling can be a problem, and the reflection (rather than absorption) in the

stop-band is sometimes undesirable. A waffle-iron filter consisting of four

separate filters in parallel to increase the peak power capability is shown

in Fig. 2.

Fig. 2. Four-layer waffle-iron filter.

A waffle-iron filter, or other similar reflection filter, can be combined with

a hsrmonic pad to effectively turn the reflection filter into an absorption

filter. A harmonic pad is a device with (ideally) no attenuation in the pass-

band, and with a few decibels of attenuation in the stop-band; it can be

shown that three or more decibels should be sufficient for most applications.

Harmonic pads may consist of short ae~tions of leaky-wave filter, or they

may be made from directional couplers, Two 3-db short-slot couplers have

been combineds into a O-db coupler (Fig. 3), making a very satisfactory

harmonic pad. Leaky-wave pads attenuate better at lower frequencies

(around the 2nd and 3rd harmonics), while directional-coupler pads attenuate

better at higher frequencies (beyond about the 4th harmonic).

Bandpass filters consisting of coupled cavities can be made to reject

spurious frequencies close to the transmitter pasaband. 19 The narrow band-

width desirable in this case reduces the power-handling capability, and for

the narrowest bandwidths may further complicate the filter by requiring it to

be tunable. 9 A high-power tunable rnicr$wave filter using three TEO ~-mode

cylindrical cavities is shown in Fig. 4.

Band-s top filters are useful where transmitter A interferes with a particu-

lar system B which operates in a frequency band to which transmitter A con-

tributes spurious power. Then a band-stop filter may be fitted to the output

of transmitter A to suppress those frequen~~~ *which are in the operating

band of system B. One type of waveguide ‘ band-stop filter consists of

stubs coupled to the main line and spaced a quarter wavelength apart at

123



Fig. 3. Short-slot directional couplers used as harmonic pads
(from Microwave J., Ref. 8).

Fig. 4. High-power tunable bandpass filter.
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band center. Another type of waveguide band-stop filter now being con-

sidered should be more suitable for high-power applications. This consists

of a stepped-impedance filter.

This review is not exhaustive. For ins~2nce, no mention has been made

of frequency selective ferrite attenuators, or filters using cutoff wave-
13,14

guides, nor has mention been made of methods of measuring the spuri-

ous power.
15-18
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