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AM-FIRST COMPACT KA-BAND UNEQUAL POWER DIVIDER BASED ON ANGLED-IRIS

TUNING FOR HIGH-THROUGHPUT SATELLITE BEAMFORMING FEED NETWORKS

Abstract

Ka-band antenna feed and distribution hardware is a key enabling technology for high-throughput
satellite communications, where RF loss, manufacturability, and packaging constraints directly affect pay-
load performance, integration effort, and cost. This paper presents a compact unequal 2-way power divider
implemented as a monolithic metal additively manufactured waveguide component and demonstrates its
scalability through a cascaded 1-to-8 passive distribution/beamforming network over 29.5-30.5GHz.

The proposed hardware is fabricated by selective laser melting (SLM) using AlSil0Mg, followed by
sanding and metallization/plating to satisfy Ka-band surface requirements. The central contribution is
a simple and general unequal-division tuning mechanism using an angled common iris: the split ratio is
controlled by adjusting the iris tilt toward the branch port (Port 3), enabling continuous power-division
tuning without introducing additional matching sections that increase axial length. Importantly, the
same tuning concept is formulated to be applicable to both E-plane and H-plane divider configurations.
Building on this mechanism, an AM-first RF design methodology is adopted to achieve compactness under
additive manufacturing constraints: the print orientation is selected upfront, and the angled-iris geometry
is realized in a support-efficient manner compatible with post-processing.

The divider occupies a fixed footprint constrained by output spacing while achieving a compact axial
length of 100mm (6.1\g at 30GHz for a=6.3mm). Design features are incorporated to facilitate internal
powder removal and to minimize performance degradation in bends and post-processing-limited regions
relevant to sanding and plating.

Full-wave CST simulations verify broadband impedance matching and unequal division across 29.5-
30.5GHz, achieving return loss better than 20dB. In nominal simulations, the achieved unequal split
matches the intended target within 0.1dB at 30GHz, while maintaining 0.3dB peak-to-peak amplitude
ripple per output over the operational band. The divider is cascaded to form a 1-to-8 network (outputs at
Ports 2-9) that realizes a prescribed non-uniform amplitude taper, expressed as normalized output weights
referenced to the strongest output with an approximately 6-7dB normalized dynamic range across the
eight ports.

Prototype fabrication and Ka-band measurement validation were performed. This paper presents
simulation-to-measurement correlations, accounting for path-dependent insertion loss, excess loss rela-
tive to the intended unequal division, and amplitude/phase deviations under manufacturing and post-
processing variability.
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