
 

New transmitter design for small satellite
constellations improves signal transmission
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A novel transmitter design proposed in a recent study could solve some
of the challenges related to signal transmission in small satellite
constellations used for space applications. Developed by Tokyo Tech
researchers, the new transmitter offers low power consumption along
with excellent beam steering capabilities with high-speed
communication, and can be designed using standard manufacturing
technology.

Today, there are many emerging applications for small satellite
constellations, ranging from space-borne networks to environmental
monitoring. However, small satellites have special needs when it comes
to transmitter (TX) technology.

For one, they have stringent limitations on power consumption as they
draw energy from solar panels and cannot easily dissipate generated heat.
Moreover, small satellites need to communicate with fast-moving targets
that can be over a thousand kilometers away. Thus, they require efficient
and precise beam steering capabilities to direct most of the transmitted
power towards the receiver.

On top of this, small satellite TXs have to generate different types of
circularly polarized (CP) signals depending on the situation. Put simply,
they need to faithfully generate both left-handed and right-handed CP
signals to avoid interference with another transmitted signal with the
opposite handedness. Additionally, they sometimes need to generate dual
CP signals to establish high-speed data links.

Satisfying all these requirements simultaneously has proven to be
challenging, especially when TXs are meant to operate with high-speed
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communication. Fortunately, a research team from Japan led by
Associate Professor Atsushi Shirane from Tokyo Institute of Technology
(Tokyo Tech), have been working on a convincing solution.

Their latest paper, which will be presented at the 2023 IEEE 
International Solid-State Circuits Conference, describes an innovative
TX design that solves all the above-mentioned issues, paving the way for
better small satellite-based communications.

The proposed TX operates from 25.5 GHz to 27 GHz in the Ka-band
used for next-generation high-speed satellite communications. Its beam
steering capabilities are governed by a 256-element active phased-array
configuration. Put simply, the TX drives 256 tiny antennas that all emit
the same signal but with carefully calculated phase delays between them.
This enables precise steering of the output beam power by leveraging
constructive and destructive interference between signals.

The signal to be transmitted to each antenna originally comes as two
independent linear components, whereupon the proposed TX integrated
circuit (IC) converts these two signals into a CP signal with the required
phase delay. Since each TX IC has both centralized and distributed paths
for the input signals, one can calibrate the signal phase and amplitude to
vastly improve the intelligibility between left- and right-handed CP
signals independently of beam steering calibrations.

However, the most important feature of this TX design is the use of an
active hybrid coupler to select the CP transmission mode. The
generation of left, right, and dual CP signals involves various elements
on the IC, including amplifiers and phase shifters. The active hybrid
coupler can "alter" the layout of the IC in real time, shutting off
components that are not required in the desired transmission mode,
saving power in the process.
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The team tested various performance metrics of the proposed TX, and
the results were promising. "Our TX achieved 63.8 dBm of equivalent
isotropically radiated power with a power consumption of 26.6 W, which
is a 62% reduction compared to the state-of-the-art TX with the same
level of equivalent power," says Shirane.

To top it off, this small TX can be developed using standard
manufacturing technology. "The proposed phased-array chip is
fabricated in a 65 nm bulk CMOS process in a wafer-level chip-scale
package with a die size of only 4.4 mm × 2.5 mm," he says.
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