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Abstract—The design of the ALMA Band 7 tertiary optics was driven, among other requirements, by the need to achieve low cross polarization. Following the signal path in reverse, two corrugated horns illuminate two offset elliptical mirrors (M1R, M1T); the two beams are recombined by a wire grid, and are finally reflected off another offset elliptical mirror (M2). It was assumed that any small amount of cross polarization, whether inherent in the horns, or generated at either of the M1 mirrors, would be filtered when either beam passes the grid, in transmission of reflection. Accordingly, an effort was made to design M2 with a large f/D and a small incidence angle, within the volume allocated to the cartridge optics. The only contribution to cross polarization —from M2—, was expected to be (-35dB. 

Measurements, on the prototype and on the eight pre-series cartridges, showed cross polarization levels often above the –20dB specification. Room temperature measurements, eliminating the contribution of the infrared filter, were still well above the design value. 

The cross polarization properties of a wire grid were then more closely scrutinized, and it was realized that an ideal grid will usually generate cross polarization. The key ingredients are:

a) a finite extent beam consists of a spectrum of plane waves, with different directions of propagation;

b) the pattern of E-field vectors (as a function of the directions of propagation) defined by the grid does not, in general, match a sensible definition (any of the Ludwig definitions) of a co-polarized beam.

However, when position angle of the grid is such that the wires are perpendicular to the beam's chief ray, the cross polarization is reduced to a negligible level. The design of polarization diplexing in the Band 7 tertiary optics was modified accordingly, and experiments indeed show a significantly improved cross polarization performance. 

It was found, when this work was mostly complete, that the cross polarization properties of a wire grid had been analyzed by Chu et al (1975) BSTJ 54, 1665. However, the result does not seem to be widely known among designers of mm-wave astronomical instrumentation. 

