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Abstract—The numerical optimization results of constant thickness septum polarizer’s performances
for various operating fractional bandwidths (FBW) are presented in the paper. The polarizer’s structure
includes a common input square waveguide, a constant thickness septum with several steps, and two
output rectangular waveguides. The polarizer design of 2-, 3-, 4-, and 5-step septums is optimized for
different narrow and wide operating FBWs to obtain the simultaneously maximum values of
cross-polarization discrimination and isolation between rectangular ports and return losses. The
optimized dimensions of the septums for FBW =5, 10, 15, 18, and 20% are presented. Based on the
obtained results, Q- and K-band prototypes were manufactured and their performances were measured.
The measurements of the prototypes are in good agreement with simulations. These optimization results
can be widely used for the development of septum polarizers and prediction of their performances for
various FBW in the required frequency range.

DOI: 10.3103/S0735272720010021

INTRODUCTION

Septum polarizers are widely used in modern microwave systems with orthogonal circularly polarized
signals. Such polarizer is an effective compact device, which transforms right-hand circularly polarized
(RHCP) and left-hand circularly polarized (LHCP) electromagnetic waves into linearly polarized ones and
vice versa. Simultaneously it separates RHCP and LHCP waves and directs them to different rectangular
waveguides. Therefore, a septum polarizer integrates the performances of a polarizer and of an orthomode
transducer.

There are many designs of septum polarizers developed for various applications and frequency bands
[1-7]. The septum polarizer in [1] consists of a square waveguide and a septum with 4 steps. Feature of the
suggested design is the triangular shape of a septum, which improves the characteristics of the polarizer. In
[2] the authors analyze a 4-step septum polarizer for Ka-band (27.5-30 GHz). The improvement of the
polarizer’s performance is obtained due to the modification of the septum’s longitudinal profile using
Legendre polynomials. The design of septum polarizer [3] includes compact transition from a square
waveguide to a circular one and two bends with integrated transformers. The operating frequency range is
214-236 GHz. A septum polarizer for X-band (8—9 GHz) is demonstrated in [4]. The polarizer is based on a
square waveguide and its septum has 4 steps. In [5, 6] the authors present a septum polarizer for
communication transceivers. The design is based on a septum with 3 steps. The polarizer operates in
Ku-band 12.7-14.8 GHz. A compact septum polarizer with an integrated square to circular waveguide
transition is developed in [7]. A 4-step septum is placed in the transition of the polarizer. The operating
frequency range of the polarizer is 18.5-21.5 GHz.

Characteristics of the modern septum polarizers for various fractional bandwidths (FBW) in different
frequency ranges discussed hereinabove are summarized in Table 1. Axial ratios (AR) of the polarizers are
recalculated into cross-polarization discrimination (XPD) and presented in Table 1 as well.

As we can see from Table 1, the characteristics of septum polarizers deteriorate with FBW expansion.
Isolation between rectangular waveguides is always worse than the XPD.
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