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To measure the shape of the envelope of a high-power microwave (HPM) pulse [1]

and the amplitude of its power, a directional coupler [2–4] is connected to the output

waveguide of the HPM-oscillator. The most reliable results are obtained when, along with

this, the pulse energy is measured using a calorimeter [2, 4–9]. The coupler is also useful

for measuring the power reflected from the waveguide terminations such as the

calorimeter or the horn antenna of the oscillator. The presence of reflected power may be

due to microwave discharges at the output window of the antenna or in the calorimeter

[10].

Here we present the results of developing two circular/rectangular waveguide

directional couplers operated in the TM01 or TE11 mode in circular guide and coupled to

the dominant rectangular waveguide TE10 mode. Both couplers were intended to operate

between 9 and 10 GHz on nanosecond relativistic HPM-oscillators [1]. Photographs of

the couplers are shown in Fig. 1.

Each of the devices consisted of a section of circular waveguide connected to a

rectangular waveguide 23×10 mm. The waveguides were connected through two holes

spaced by ~ g/4, where g was the operating range average wavelength in the

waveguides.



Fig. 1. Photographs of the directional couplers for the TE01 (a) mode and for

the TM11 (b) mode of a circular waveguide: 1 – circular waveguide;

2 – rectangular waveguide; 3 – coaxial-to-waveguide adapters.



The rectangular waveguides on both sides were terminated with adapters with coaxial

connectors of the SMA type, allowed to measure the output and reflected microwave

power. A TM01 mode propagated in the circular waveguide had field components Ez, Er, and

H. The component Ez was zero at the waveguide, so the only field components which

coupled to the rectangular guide were Er and H. These field components leaked trough the

holes and excited the microwave field of a TE10 mode in the rectangular waveguide. In the

second coupler, only the field component Hz of the TE11 mode coupled the waveguides

through two holes.

The vacuum seals of the coupler with a TM01 mode of the circular waveguide were

rectangular caprolon gaskets fixed near the flanges of the rectangular waveguide using a

glue. The vacuum seals of the coupler with a TE11 mode of the circular waveguide were

round Teflon gaskets tightly sandwiched between the waveguides walls near the coupling

holes.

The couplers were tested using an Agilent Technology PNA Network Analyzer

N5227A (10 MHz–67 GHz). The first coupler was designed to operate with a coupling

coefficient of about -58 dB and a directivity of 16–25 dB (Fig. 2). The second coupler was

designed to operate with a coupling coefficient from -69 to -66.5 dB and a directivity of

10–27 dB (Fig. 3).



Fig. 2. Coupling coefficient (a) and directivity (b) versus frequency of the coupler

for TM01-mode.
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Fig. 3. Coupling coefficient (a) and directivity (b) versus frequency of the coupler

for TE11-mode.
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