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Unleashing GaN’s
original promise
We’ve been hearing about the huge potential
of GaN amplifiers for some years now, with
ground-breaking capability claims aplenty.
However, GaN technologies proved not to be
without their own limitations.
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Over the past decade, it would be difficult to think of a
more highly touted technology introduction within the satellite
communications (SatCom) power amplifier universe than that
of Gallium Nitride (GaN). GaN has, and indeed still does,
present a compelling use case. From its inception, the
promise of GaN was embodied in several key performance
metrics, but its ultimate effectiveness in multi-carrier
applications was severely hampered by an unforeseen
drawback.

The promise of GaN
A key intrinsic property of GaN compared to its solid-state
counterpart Gallium Arsenide (GaAs) is that of its wide band
gap. In practical terms, this property allowed GaN transistors
to be operated at higher bias voltages, a technological
breakthrough in its own right. The familiar power equation,
Power = Voltage x Current (P = V x I), informs us that a
doubling of the operation voltage will halve the current
required to achieve the same output power.

Common GaN process nodes in production today allow
current drain to be cut by a factor of two to four compared to
GaAs while maintaining the same radio frequency (RF) output
power (not counting efficiency improvements). From the DC

power supply to the heat sink, a reduction in current drain is
always welcome as it decreases heat generation due to
conductor I2R losses. Not only that, but the tolerance for higher
operating voltages also simplified the RF output matching
networks of the transistors, leading to improved efficiency
and higher frequency bound of the devices.

Furthermore, the power density of GaN was found to be
quite favorable compared to GaAs. Tolerance for hotter
internal channel temperatures led to relaxed heat-sinking
requirements and solid reliability numbers which continue to
improve over time. And like GaAs, a GaN field-effect transistor
(FET) allows engineers to design power amplifiers using a
modular approach. In a modular design, a GaN FET failure
could be detected as a ‘soft’ system failure with only
marginally reduced output power as opposed to a hard failure
that takes down the entire communication system. ‘Hot-
swappable’ modules allowed for easy replacement on a fully
powered system, and a redundancy module option could be
built-in to completely eliminate down-time.

This combination of power density, efficiency, reliability,
redundancy, and field-friendly replacement was a value
proposition that quickly caught the attention of satellite
operators seeking to significantly reduce both their capital
and operating expenditures.

Unexpected limitations
But, lurking behind the promise of GaN was a performance
limitation which caught many in the industry by surprise. Due
to the generally lower power capability of GaAs technology
compared with its traveling wave tube (TWT) counterpart,
solid state power amplifiers (SSPAs) had historically been
limited to the single-carrier, low bandwidth market. For these
applications, the tried-and-true characterization of 3rd order
intermodulation distortion (IMD3) with two tones spaced at
5MHz was sufficient. And, even in cases where GaAs was
able to be applied to the multi-carrier market, it performed
well due to the minimal IMD3 performance delta between
narrowly spaced carriers and widely spaced carriers.

It was naturally assumed then that GaN would function in

Figure 1: A Typical Ku-band Comparison of older GaN
technology with Mitsubishi Electric’s new WideGaNTM

Live demo of linearized 70W Ku-band GaN solution. Photo
courtesy Mitsubishi Electric
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much the same way as GaAs. For single-carrier applications,
it did perform quite well and generally lived up to expectations.
But the superior voltage and output power capabilities of GaN
quickly led to SSPA designs with higher and higher power.

Engineers were developing increasingly efficient ways to
combine many GaN FETs together to achieve power levels
once thought to be limited only to TWTs. But as some of
these systems started to deploy, satellite operators observed
severe interference and channel degradation. It was learned
that this interference was being caused by unusually high
and unexpected intermodulation distortion caused by the GaN
devices. Because it had been assumed that wide bandwidth
signals would perform similarly to narrow bandwidth signals,
operators had loaded up these high power GaN systems with
multiple carriers spaced over very wide bandwidths. It turned
out to be a flawed assumption, and SSPA suppliers scrambled
to develop workarounds to help their customers navigate this
devastating issue.

Unfortunately, many system integrators were soon forced
to resort back to either GaAs- or TWT-based power amplifiers.
Such experiences would ultimately leave an indelible mark
on many engineers and an ongoing negative bias toward
GaN technology in general.

Rising to the challenge
At Mitsubishi Electric, we understand the severe situation in
which so many operators found themselves as they tried to

implement early GaN technology into their multi-carrier
SatCom systems. It is for that reason that our engineers have
worked tirelessly to develop a unique solution to these
intermodulation issues at wide bandwidths, thereby enabling
a whole new generation of high-power, solid-state amplifiers
for multi-carrier applications. A new product line-up of
internally matched FETs is now available that enables full
multi-carrier coverage of the 13.75-14.50GHz Ku-band. SSPA
designers can implement these ‘drop-in’ products in a
straightforward way with commonly used component
packages and 50ohm input/output matches. WideGaNTM has
been designed with the end user in mind and with the same
reputation for quality that Mitsubishi Electric has built over
decades of innovation within the semiconductor industry.

The original promise of GaN is now finally within reach.

Mitsubishi Electric’s WideGaN™ PA device. Photo courtesy
Mitsubishi Electric

“This combination of power density,
efficiency, reliability, redundancy, and field-

friendly replacement was a value
proposition that quickly caught the

attention of satellite operators seeking to
significantly reduce both their capital and

operating expenditures.”
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