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On the last years, gallium nitride (GaN) technology has made a remarked breakthrough in the world of microwave electronics.
Power transistors are now available. How this GaN technology would impact space-borne units is now a priority concern.
Although the power capability of GaN technology is the first obvious profit, GaN could also be used for other applications
like low noise amplifiers, mixers, and probably more. The high sustainable temperature of GaN transistors is most striking
advantage for in-flight use. This is connected to packaging design which is also experiencing a lot of activities and quick pro-
gresses. Of course, space application is dependent upon the full demonstration of reliability and this constitutes another field of
investigation. Finally, after 8 years of GaN studies, experimental results are presented: they open wide the road a revolution
inside space-borne electronics: the rise of GaN.
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I . I N T R O D U C T I O N

In 2006, gallium nitride (GaN) technology has made a
remarkable breakthrough in the world of microwave elec-
tronics with the announcement of commercially available
transistors from 5 to 180 W at microwave frequencies.
Provided by a major industrial transistor vendor in Japan,
but also from US and Europe, equipment manufacturers
and in particular those related to space applications now
strongly believe that time has come for a rapid insertion of
this new technology into their systems.

It is well known that space is a harsh environment. Even
inside satellites, equipment is there exposed to severe radi-
ations and sharp temperature variations over a wide range
(typ.2558C/ + 658C). Also, a successful design should
decrease size and weight to a minimum, save a maximum of
electrical power and ensure a long lifetime without failure
(.15 years for a geostationary satellite). And keep cost to a
competitive value despite the fact that manufactured units
number is desperately low.

Apart from still to be resolved reliability concerns, these
GaN power transistors will increase power density by more
than an order of magnitude for large devices, as illustrated
in Fig. 1 compared to traditional technologies.

Therefore a reduction of size is promised for future
module. There is the need for very demanding performance
in space industry. A Ku-band (14 to 12 GHz) telecom repeater
for instance presents a typical 130 dB gain, 1.1 dB noise figure

(at ambient T8 at the receiver input), 250 W transmitted
power (with 70% power added efficiency (PAE) for the
power stage) and high linearity (C/I3 . 60 dB at receiver
output) among the main specifications.

GaN technology features several characteristics that make
it an almost ideal candidate for several applications on
board satellite payloads.

I I . G a N A P P L I C A T I O N S

Basically, satellites are used for telecommunication, localiz-
ation and navigation, earth observation, or planetary explora-
tion. We will focus on few examples.

A) Solid state power amplifiers (SSPA)
At first glance GaN transistors offer significant advantage in
terms of achievable power density, while promising a high fre-
quency of operation as any HEMT technology [2]. This is
enhanced by their ability to work at high drain voltage, a
perfect request for satellite whose primary bus voltages is typi-
cally 100 V. Better DC/DC converter efficiency than today
(GaAs PHEMT or HBT are biased around 10–20 V) is
expected. It is probably too early to affirm that this solid
state will compete with vacuum technology because TWTAs
possess an impressive advance in term of PAE, especially
under multi-carrier operation. For example, they exceed
68% PAE at Ku-band for a 220 W output and such a perform-
ance seems out of reach today. However, the competition is
not over at lower frequencies, where lower levels are required
and where the situation is already disputed today with
GaAs-based SSPA. GaN, allowing higher delivered power in
a compact size, may kill the debate. The 120 W L-band necess-
ary, for a Galileo-like navigation satellite, or the 80 W C-band,
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for future fixed service satellite communication payload, seem
perfect targets for GaN insertion.

1) high power amplifier (hpa) modules

GaN transistors offer matching aptitude due to a higher
output impedance as they work with high voltage, but
another characteristic presents significant breakthrough: a
high sustainable temperature. This is really the most impor-
tant benefit. Junction temperature is a very stringent con-
straint on satellite units design. This is even more
pronounced when size is restricted because heat dissipation
is even more problematic, like for the power module of an
active antenna. Because GaN transistors will not be limited
to the normative 1158c junction temperature, they now
appear like the technology that system designers were expect-
ing to make transmit active antennae really affordable. A
concern will be how low level electronics, passives, etc.,
behave at high temperature; however, progress is expected
here. Faced with that fast-growing technology, different
HPAs have been designed. The topology of HPA is based on
one stage with one transistor. The HPA (Fig. 2) has been
designed in a test fixture integrating input/output matching
networks, the transistor, and the RF/DC access. The general
performance includes the losses due to the test fixture: the
connections and the RF transitions. In a SSPA these losses
do not exist and therefore it offers better performances than
the one described in this paper.

Power measurements have been executed (load pull
measurements) in order to know the different impedances
to put in front of the transistor (see Fig. 3).

The PAE is maximum when the fundamental load impe-
dance is fixed at Zopt_Pout_f0 ¼ 7 + j13 V. As shown in
Fig. 4, the measurement has underlined a sensitivity of transis-
tor performance for the second harmonic concerning the
optimum PAE search.

Concerning the second harmonic, the PAE is maximum
when the second harmonic load impedance is fixed at

Zopt_2f0 ¼ 6.7 + j11 V. Therefore with the same fundamen-
tal load impedance, second harmonic optimization allows to
add eight points for the PAE. Electrical validation measure-
ment has been performed and allows to characterize the
design in:

– small signal: S-parameters;
– power: gain, AM/AM, AM/PM, PAE; and
– linearity: C/I3.

As shown in the following bench photograph (Fig. 5), the
test fixture used an aluminum board with a cooling circuit.

2) hpa 10 w

The next results (Fig. 6) confirm the good working of the HPA
on a bandwidth of more than 200 MHz around 2.6 GHz and
with a linear associated gain more than 15.5 dB. The amplifier
is unconditionally stable (K . 1) and the results between 2.5
and 2.7 GHz are:

– S21 ≥ 15.5 dB,
– S11 ≤ 211.5 dB, and
– S22 ≤ 25 dB.

Therefore, the HPA provides an output power level higher
than 10 W with an associated PAE of 56% on a bandwidth
between 2.5 and 2.7 GHz. The set of points reported in
Fig. 7 represents the HPA performance for an input power
at 2 dB gain compression. The measurement in Fig. 8 shows
a good linearity. Thus, the HPA introduces a C/I3 level of 30
dBc at 2 dB gain compression. As described in Table 1, this
GaN technology power amplifier offers 10 W output power,
about 56% PAE and more than 15.5 dB linear gain in the
2.5 and 2.7 GHz frequency range at Vds ¼ 50 V (42% absolute
maximum rating) and Ids ¼ 100 mA (Idss/5).

3
)

hpa 150 w

Figure 9 present an amplifier which is unconditionally stable
with more than 200 MHz of bandwidth around a frequency
of 2.6 GHz.

The results between 2.5 and 2.7 GHZ are:

S21 ≥ 15.5 dB,
S11 ≤ 212 dB,
S22 ≤ 29 dB.

The set of points reported in Fig. 10 represent the HPA per-
formance for an input power at 2 dB gain compression.

Fig. 1. Reported RF output power density performance for GaN and GaAs
transistor (ESA IPC source2006) [1].

Fig. 3. Optimization of fundamental Zload for PAE at Vds ¼ 50 V, f0 ¼
2.5 GHz.

Fig. 2. Test fixture of HPA 10 W (left side) and 150 W(right side).

122 jean-luc muraro et al.

https://doi.org/10.1017/S1759078710000206 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078710000206


As described in Table 2, this GaN technology power ampli-
fier offers 150 W output power, about 49% PAE and more
than 15.5 dB linear gain in the 2.5 and 2.7 GHz frequency
range at Vds ¼ 50 V and Ids ¼ 1 A (Idss/5). The set of HPA
performance is summarized in the following table. In com-
parison, today technology based on GaAs PHEMT, at the
same band and with the same footprint gives 35 W output
power with 60% PAE.

Fig. 4. Optimization of second harmonic Zload.

Fig. 5. Picture of measurement bench.

Fig. 6. Measurement of the low level gain of the HPA 10 W.

Fig. 7. HPA 10 W performance at 2 dB gain compression.

Fig. 8. HPA 10 W linearity performance.
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B) Robust RF front end receiver
The design of a receiver is a stringent balance between a low
noise figure and a high linearity. In order to guarantee the
state-of-the-art noise figure performance, a discrete GaAs
HEMT die is classically used for the first LNA stage. Low
noise MMIC amplifiers are placed after this front-end
hybrid LNA in order to increase the gain and to cover the
mixer noise figure. If the linearity performance is first deter-
mined by the output stages, the mixer contributes also to
limit this performance, because of the high gain placed
before it. In order to assure a linear behavior of the mixer,
the LNA gain must remain not too high, in order to deliver
low RF power levels at the mixer input. Attenuators cannot
be inserted in the receiver chain because of noise figure degra-
dation. It appears clearly that a compromise must be done
between noise figure and linearity. Concerning robustness
constraints of the receiver equipment, the maximum input
power is usually specified from +25 to +30 dB over the
maximum functional input power. That sets this feature
around 25 dBm. In case of overdrive, it is not the first LNA
the more stressed along the RF chain, but rather the second
one. Actually, this following MMIC LNA must handle either
the undesired input RF signal increased by the gain of the pre-
vious stage, or even the saturation output power of the pre-
vious amplifier. The higher the first LNA gain is, which is
fine for noise figure performance, the more stressed is the fol-
lowing stage. This second MMIC LNA is consequently a key
component with regard to the robustness requirement of a
complete receiver. The previous paragraph has shown that
limitations of current receivers are mainly located on the
second LNA and the mixer function. The noise figure specifi-
cations of such MMIC LNAs are less stringent than those of
the first hybrid LNA amplifier because of their position in
the complete RF chain. Research results have demonstrated
[3–5] that GaN technology enables to reach noise figure
performance comparable to GaAs processes. Moreover and
regarding the linearity budget of a receiver RF chain, the
mixer maximum operating input power is an important con-
straint. As seen before, this feature limits directly the amount
of gain which can be put before the mixer, with a consequence
on the complete receiver noise figure performance. Improving
the linearity of the mixer by using GaN MMICs should
obviously push this limit. The LNA and the mixer are also lim-
iting devices with regard to overdrive specification. The intrin-
sic properties of wideband gap materials like GaN, and more
particularly its high breakdown voltage, should improve
robustness of these functions. The introduction of GaN tech-
nology appears as a serious candidate to improve linearity and
robustness without degradation of noise level of receivers.
These improvements along the RF chain of satellite receivers
are summarized in Fig. 11:

In order to evaluate the impact of GaN technology intro-
duction, the RF chain part to be improved has been first
reduced to a simplified RF front end (RFFE) composed only
by the critical MMICs (LNA and mixer) and depicted in
Fig. 12. In 2008, a project1 has been launched whose goal is

Fig. 9. Measurement of the low level gain of the HPA 150 W.

Table 1. Summary of HPA 10 W performances.

Parameter Measurement

Operating frequency band 2.5–2.7 GHz
Lineargain ≥15.5 dB
Gain variation over any 20 MHz ≤0.1 dBpp
Input return loss .11.5 dB
Output return loss .5 dB
Pout at P2dB (CW) .40 dBm
PAE at P2dB (CW) ≥56% full band
Phase conversion at P2dB (CW) ≤68
C/I3 at P2dB 30 dBc
DC drain voltage supply 50 V

Fig. 10. HPA 150 W performances at 2 dB gain compression.

Table 2. Summary of HPA 150 W performances.

Parametres Specifications Measures

Operating frequency band 2.5–2.7 GHz 2.5–2.7 GHz
Linear gain ≥15 dB ≥15.5 dB
Gain variation over any 20 MHz ≤0.1 dBpp ≤0.2 dBpp
Input return loss ≥15 dB .7.5 dB
Output return loss ≥7 dB .5 dB
Pout at P3dB (CW) .50.79 dBm .51.8 dBm
PAE at P3dB (CW) ≥55% ≥49% full band
DC drain voltage supply 20–50 V 50 V

1This work has been supported by European Space Agency project
“GaN Technology for Robust Communication Receivers” (ITT-5322).
The research program is executed in co-operation with TNO in
Netherland, United Monolithic Semiconductors and Fraunhofer IAF in
Germany.
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to address the design of three RFFE receivers working at C-,
Ku- and Ka-band (6, 14 and 28 GHz).

They are composed by:

– GaN-based LNA MMIC,
– Rx filter on alumina substrate,
– GaN-based mixer MMIC,
– external 908 coupler GaAs-based MMIC, and
– GaAs-based low level amplifier MMIC.

LNAs and mixers designs are realized in 0.25 and 0.15 mm
AlGaN/GaN microstrip technology provided by IAF.

1) robust low noise amplifiers (lnas)

The three LNAs (C-, Ku- and Ka-band) have been designed by
TNO. They have been optimized for low noise and robust
operations. All details are given in [6]. The first results
exhibit noise figures close to 1.2, 1.9 and 4 dB, respectively
for C-, Ku- and the Ka-band. These latest performances,
very encouraging, are under improvement. The survivability
testing shows no degradation of the performances until an
input power of 40 dBm for the C-band LNA. A CW gradual
input signal with a step of 1 dB and 1 s duration has been
used for this test.

2) robust linear mixers

The RF input signal of the C- and Ku-band are translated to an
IF output signal of 1 GHz. For the Ka-band, the required
output is 1.5 GHz. DC consumption is 0 mW. The three
mixers are based on single balanced image rejection topology
using two elementary cold FET mixing cells. This kind of archi-
tecture, shown in Fig. 13, requires an IF 908 combiner which is
not integrated on the MMIC mixer in order to save GaN wafer
area, regarding the low IF frequency. In addition to the image

frequency cancellation, this architecture provides naturally a
good LO to IF isolation. Both transistors are nominally
biased close to the pinch-off voltage and the nominal LO
input power is set to 10 dBm. Figure 14 presents the photo-
graphs of the MMIC mixers. The common size is 3 × 2.5 mm2.

Measurement has been directly performed with probes.
Figure 15 shows the conversion losses versus the RF frequency
for the Ku-band mixer and for four different chips. Very good
agreement between measurement and simulation is observed.
The minimum conversion loss, centered to 14 GHz for both
results, is 9 dB. The linearity is evaluated by means of 1 dB
compression and C/I3 at small level input power. Figure 16
presents the conversion losses versus the RF input power at
14 GHz. A black-dotted tendency curve, which is the simu-
lated result, shows the good agreement between measurement
and simulation. The measured average input P1dB is 11 dBm
for the Ku-band mixer. The performances for the C-band and
the Ka-band are 10 and 13 dB for conversion losses, and 12
and 8 dBm for P1dBin. C/I3’s measurements obtained are
[50; 55.5; 47.5 dBc] at [215; 217.5; 220.5 dBm] output
power for the C-, Ku- and Ka-band, respectively. Very good
results are reached, even for the Ka-band mixer operating at
28 GHz. At this time, new version of Ka-band mixer are
under processing by using smaller transistors based on
0.15 mm gate length in order to further improve the perform-
ance. The main expected improvement is conversion loss
decrease of about 1 dB with an associated P1dBin increase
close to 4 dBm.

Fig. 11. Possible improvements along a receiver RF chain.

Fig. 13. Image rejection mixer topology.

Fig. 12. Simplified RFFE.
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A comparison between GaN and GaAs mixers, using the
same topology has been done. We observe a better IP3 (typi-
cally +3 dB) for the GaN technology.

3
)

rffe measurement results

First RFFE breadboards have been manufactured by gluing all
RF parts (GaN-based and GaAs-based MMICs, 50 V lines
and filters on alumina substrate) on a metallic carrier.
Measurement has been performed for every frequency band
in order to check the main expected RF budgets. Figures 17
and 18 give the first results for the Ku-band RFFE breadboard,
respectively, the conversion gain versus RF frequency and
versus the RF input power at 14 GHz. Conversion gain of
20 dB is achieved with a very good saturation regarding the
LO drive and P1dBin is 28 dBm for LO power set to
10 dBm. These results are fully compliant with the specifica-
tion for this project.

C) T/R modules
The great interest behind active electronically scanned array
(AESA) in the last years was mainly driven by the need to
increase the detection and navigation and earth observation
capabilities both in military and civil applications. This need
has therefore pushed the fast technology evolution in the
implementation of efficient systems with the primary aim to
reduce the cost (through higher integration level) and have
better performance in terms of power and low noise
characteristics.

T/R modules represent the “core” building blocks of an
AESA system. As well known most of the AESA radars
employ hundreds or thousands modules per array. Their evol-
ution in the next years should be envisaged according to the

Fig. 14. Photographs of C-band (a), Ku-band (b) and Ka-band (c) MMIC mixers.

Fig. 15. Conversion losses versus RF frequency (Ku-band mixer).

Fig. 16. Conversion losses versus RF input power (Ku-band mixer).

Fig. 17. Conversion gain versus RF frequency (Ku-band RFFE breadboard).

Fig. 18. Conversion gain versus RF input power (Ku-band RFFE breadboard).
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scenario in which they operate i.e. environmental, security,
and commercial applications which in turn, means resolution,
swath width, access area, and image quality. These specific
requirements drive technological and architectural choices
in such a way that an optimized system should results from
a proper tradeoff between these two aspects. Keeping for
instance the focalization on earth observation systems, it has
been calculated [7] that to keep a reasonable antenna
surface area (in the range of few square meters) and
improve the sensitivity of the system it is necessary to increase
the output power at values higher than 2 kW.

SAR system evolution goes through very high resolution
and multiple frequency systems on one side, and, through
relatively “low cost” systems with intermediate performances
on the other side. The former are mainly operating from
X-band to upper Ku-band (17 GHz) with 2–4 GHz bandwidth
and output power per module ranging from 16 W (in
Ku-band), to higher than 32 W (in X-band). “Low cost”
systems are instead based on high or low operational duty
cycle, and may require operating frequency ranging from
L-band to X-band with a bandwidth from 100 to 400 MHz.
Peak power per module in this case is requested to go up to
200 W. PAE is requested to be higher than 50% in both cases.

Wide bandgap GaN and SiC MMIC chips have been
demonstrated to offer the potential of one to two orders
increase in T/R module power with respect to the GaAs [8].
One of the biggest advantage of GaN with respect to the
GaAs technology is in fact represented by the power density
(3–6 W/mm for GaN versus 0.5–1.5 for GaAs). This reflects
in a reduction of the semiconductor area and therefore in a
smaller die size for a given power. The wider bandwidth
capabilities of smaller FETs and their nearly 50 V output
impedance make possible the simplification and reduction
of output matching circuit losses. High voltage operation of
GaN device translates in simplification of the biasing circuit
around the MMIC, reduction of the module size, and a
more efficient power system at antenna level. On the other
side, the associated power and temperature robustness of

the device results very important for specific applications
where worst-case environmental conditions are required. It
is therefore possible to have a full revision of the antenna
architecture going either for a higher number of modules or
for a lower complexity increasing the output power per
module. Referring to T/R modules developed in the frame
of COSMO SKYMED or SENTINEL 1 programs, the size
reduction has been estimated in the range of 40% keeping
the same output power level. Size and complexity reduction
is even more evident for modules working in L-bBand
(SIASGE program) where the output stage presently based
on the combination of GaAs discrete power devices, can be
replaced with a single device delivering the same output
power of 46 dBm.

Figure 19 below shows where in a conceptual diagram of a
T/R module GaN devices can be ready to or potentially used in
the next years.

As mentioned, immediate application of GaN technology
lies in the power section where a single device can replace
two or more die to reach gain and power performances.
Recently, however, NF better than 1.5 associated to 15 dB
linear gain have been demonstrated [9]. Other LNAs have
been demonstrated to withstand input power signals up to
36 dBm demonstrating the possibility to eliminate the
limiter [10]. This has been obtained with low power consump-
tion preserving the high breakdown voltage (.40 V). GaN
devices have been also tested as switching elements.
Ciccognani et al. [11] have shown 41 dBm power handling
capability with 1 dB insertion loss between 8 and 12 GHz in
an SPDT switch using SELEX-SI foundry (Fig. 20). GaN
Switches are the baseline for future implementation of active
circulators so that this technology can also be used in the
input section of the T/R module to further reduce size,
weight and associated cost.

Beyond the phenomenal 900 W peak power and 80% PAE
demonstrated with a single GaN transistor package by some
vendors [12, 13], it has been demonstrated that GaN technol-
ogy is ready for a first prototyping of T/R modules having 10
times the power of the existing GaAs-based solutions. This
would make possible a full revision of the existing AESA
once the reliability and yield will reach the proper values for
comparable cost.

I I I . P A C K A G I N G I S S U E S

As said in the Introduction, GaN power transistors will
roughly increase power density by more than an order of mag-
nitude for large devices.

Fig. 20. GaN switch and LNA developed with SELEX-SI.

Fig. 19. Implementation of GaN technology into a T/R module.
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Consequences will directly impact the packaging technol-
ogy for which the thermal resistance needs to be significantly
reduced if the advantages obtained at die level are to be main-
tained at its highest at module and unit level. Even if GaN and
wide band materials can operate at higher junction tempera-
tures (up to 4008C reported in some applications), the critical
performance of wide bandgap power transistor is limited by
the packaging. We have shown using modeling and also
experiment that HPAs using standard micropackages based
on CuW do limit the RF output power of the module for a
given junction temperature (see Fig. 21). The explanation is
that thermal conductivity of the transistor substrate, usually
SiC for high end (space and military) products, decreases
approximately linearly as a function of temperature for the
studied temperature range as shown in Fig. 22. Implications
are even stronger for GaN transistors grown on silicon or sap-
phire substrates with their thermal conductivity being lower
than SiC.

Higher thermal resistances will furthermore induce a
higher dissipated thermal power, which obviously impacts
on the HPA PAE. PAE is key to satellite system design
because it directly affects the total available power in the sat-
ellite. In addition, satellite lifetime ranges from 8 to 9 years for
observation satellites to 15 to 18 years for telecommunication
satellites. Minimizing the junction temperature of the transis-
tors used is an important issue since this directly relates to
device lifetime. In the AGAPAC project,2 we envision to sub-
stitute the standard CuW or CuMo base plate of space compa-
tible power micropackages by new highly dissipative materials
available from pre-industrial sources for application to new
generation HPAs based on GaN power transistors.

These new materials are composite materials based either
on diamond or on carbon nano-fibers embedded into a
metal matrix usually of silver or copper. In Fig. 23, a concep-
tual view of a HPA module is shown as manufactured at
TAS-F for a flight model SSPA. The power transistor is
mounted onto a carrier interconnected to a matching
network substrate. It is then brazed to the base plate of the

micropackage (machined high thermal conductivity compo-
site), and then finally hermetically sealed. The package wall,
the DC and RF feedthroughs are made of Kovar# and
ceramic HTCC, respectively. The DC and RF feedthroughs

Fig. 21. Junction temperature versus output power, example for S-band SiC
based HPA module. Thermal conductivity is set, respectively, to 200 and
550 W/mK for CuW and diamond copper.

Fig. 22. Semi-insulating, monocrystaline SiC thermal conductivity as a
function of temperature (Source: TAS-F, guarded plate method).

Fig. 23. Conceptual view of a HPA module for space application (TAS-F
background).

Fig. 24. Effect of diamond-copper-based micropackage compared to standard
CuW (dissipated power of 44 W) [14]. Micropackage based on CuW
technology: (T_junction ¼ 1718C, with T base plate ¼ 708C). Micropackage
based on diamond-copper technology: (T_junction ¼ 1428C, with T base
plate ¼ 708C).

2AGAPAC (Advanced GaN Packaging) stands for advanced GaN
packaging and is a funded by the European commission under the
frame FP7; priority space. The consortium is constituted of the following
partners: Thales Alenia Space as prime contractor, CNES, Egide,
INASMET, Plansee, UMS, University of Bristol.
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are designed to the constraints given by the high RF power
(.150 W) and frequency band (L-band) multipactor effect,
and high current (.10 A) electro-migration.

Packaging is a real art in space electronics design because it is
the basis of everything, the driver factor of all technological pro-
gresses. For power packages, it is compulsory to provide at the
same time minimized thermal resistance and high protection to
all devices and circuits with respect to contaminations, mechan-
ical aggressions, radiations, and electromagnetic perturbations.
With power transistors having a very high output power (up to
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Fig. 25. Drain saturation current versus time on GaN components from
IAF 23008C Tj, Vds ¼ 50 V, Ids ¼ 100 mA.

Fig. 26. Drain saturation current versus time on GaN components from
UMS 23008C Tj, Vds ¼ 30 V, Ids ¼ 260 mA.

Fig. 27. Linear gain versus time on GaN 10 W HPA from Eudyna 22708C Tj,
Vds ¼ 70 V, Ids ¼ 240 mA.
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180 W in L-band), the power hybrid can then be decreased in
size due to a simplification of matching networks, with an
output power resulting in a power density increase of about
20 times compared to existing GaAs technologies. GaAs tech-
nologies are currently operated at about 0.5 W/mm including
space application de-rating rules. Extensive thermal studies
have been performed within TAS-F on the passive thermal
management of a power amplifier based on a wide bandgap
technology as depicted in Fig. 24. [14]

The ultimate goal is to have a space compliant power
micropackage able to dissipate up to 100 W of power with
maximum junction temperature of 1608C. This new micro-
package technology based on innovative high thermal conduc-
tivity diamond or nano-composites will be available as an
industrial supply chain for European space industry by
2012. It will cover the need for GaN-based HPA for space
applications but also with different design to potentially
other sectors such as base stations.

I V . R E L I A B I L I T Y I S S U E S

There is no need to insist on the importance of reliability for
space applications. It is mandatory that all technologies are
fully evaluated and space qualified, demonstrating an in-use
lifetime exceeding the mission duration, taking into account
specific uses conditions such as non-linear circuits ones
(power amplifiers, mixers, etc.). Device quality is fast improv-
ing but is not as good as other technologies yet, with trapping
effects or wafer defects. Also, some GaN HEMT principles are
different by nature, for instance the piezoelectric effect on
charge density. Nevertheless, these mechanisms are now
well understood [15]. The maturity of GaN technology is
now been proven. Incidentally, addressing the reliability of
this technology is much more delicate than for other semicon-
ductors as it has to be dealt with severe and harsh conditions.
Special means have been developed in our labs with high-
temperature ovens and device structures (70–2508C), high
bias (120 V max Vd, 24 V max Vg), current regulation
system, in situ control and monitoring, full protection of

device under test and observance of safety regulations
for workers.

A) Reliability versus temperature
Under linear conditions, degradation mechanisms which may
occur are almost all understood (ohmic contact diffusion, gate
sinking, hydrogen effects). These mechanisms are gradual.
They are activated and accelerated by temperature and electri-
cal constraints (DC life test). Using Arrhenius law, we can esti-
mate component lifetime prediction. The first challenge is to
define the maximum temperature allowed for space appli-
cation. The goal was to assess the possibility of working at
high temperature – 1608C is targeted in the future – in signifi-
cant progress w.r.t. the still current 1158C or Tjmax-408C
(whichever is lower) space norm (ECSS-Q30-11 A).
Accelerated DC life test has been performed showing no sig-
nificant drift on drain and gate current, during 1000 h at
3008C Tj on samples from IAF and UMS described in
Table 3 (Figs 25 and 26) and during 3800 h at 2708C Tj on
commercial non European components (Fig. 27).

These experimentations are important as the high
operating temperature of such devices may have outstanding
impact at satellite level. The size of radiating panels may
be considerably reduced as they will work at higher
temperature. To illustrate, increasing the qualification temp-
erature of the HPA baseplate from 65 to 1008C reduces the
thermal control sub-system (OSR) complexity by a factor
1.8. As far as radiation hardness is concerned, an enhance-
ment is expected as the semiconductors involved are wide
band-gap.

These encouraging results added to earlier results already
published [16], suggest that our objective (20 years lifetime
at 1708C junction temperature) is achievable.

B) Reliability versus uses conditions
For non linear application (such as power amplifier ones), we
conduct RF step stress and RF life test in order to determine a
safe operating area (SOA) in term of input power and DC

Fig. 28. 10 W HPA Eudyna step stress results – Vds ¼ 50 V, Ids ¼ 100 mA; linear gain drift.

130 jean-luc muraro et al.

https://doi.org/10.1017/S1759078710000206 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078710000206


biases. This SOA must be defined with sufficient margins (at
Vds (DC), Vgs (DC) and input power level) in order to be
compatible with space de-rating requirements. We have vali-
dated through RF step stress (SOA determination, Fig. 28) and
long-term RF life test (SOA validation) a SOA up to 6 dB gain
compression on various processes.

This SOA has been validated through mono-carrier life
test. The next step is to validate this SOA using multi-carrier
RF life test.

V . C O N C L U S I O N

Space is a very demanding environment for electronics. GaN
technology appears as an almost ideal candidate to overcome
the worst stringent constraints and to greatly improve the
performance.

With dedicated studies started in 2000, we have
investigated all essential domains: design, packaging, and
reliability. Significant results have been reached already: PA
with 150 W, 49% PAE at S-band, robust LNA and mixers in
MMIC form. Quite significant progress has been made for
packaging with improved thermal dissipation owing to new
base materials.

The preliminary reliability results obtained are encoura-
ging. Our objective to assess the possibility of working at
high temperature – 1608C is targeted in the future – is achiev-
able. Multi-carrier SOA will complete the work done regard-
ing reliability.

Therefore, after about a decade of effort and investigation,
GaN convincingly appears as a breakthrough technology for
space-borne microwave electronics.
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