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Abstract—The six-port reflectometer has long been recognized as an attractive approach to scattering parameter measurement systems due to the relative simplicity of its architecture as well as its potentially low cost and small size[1]. In particular, the six-port holds much promise for realizing network analyzers operating well into the sub-millimeter part of the spectrum. In this work, two waveguide-structure six-port reflectometers for V band and WR2.8 band respectively were designed, fabricated, and tested. Calibration results from the six-port reflectometer for various devices under test (DUT) are compared to those performed with a commercial network analyzer (Agilent 8510C) as well as with theoretical results based on electromagnetic simulation. Each six-port reflectometer consists of a section of primary waveguide and set of three probes feeding zero-bias Schottky diodes fabricated by Virginia Diodes Inc. (VDI). The voltage response of the diodes are measured with a Keithley 2700 multimeter and processed by a laptop computer via a USB-GPIB interface.

The DUTs for the WR2.8 six-port include a sliding load, a sliding short, a set of fixed offset shorts, and a 90-degree-rotated waveguide terminated with a short, while for the V-band six-port, DUTs include a sliding load, sliding short, a mixer, two low pass filters, a horn antenna, a directional coupler and two waveguide tuners. The reflection coefficients (magnitude and phase) are found by two methods, the sliding termination method originally described by Engen[1] and a new calibration based on null double injection method. For the sliding termination method, a movable backshort and three or four calibration standards are required. For the null double injection method, no calibration standards are needed. In this paper, the null double injection method is described in detail. Results obtained from these calibrations are assessed by comparison with theoretical calculations based on electromagnetic theory. It has been found that the six-port reflectometer measurements are in good agreement with these theoretical calculations and provide results that compare favorably with those obtained with the Agilent 8510C.
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