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GaN technology has gained a lot of attention in Europe over the last few years for various domains including RF electronics.
After a few years of active observation, United Monolithic Semiconductors (UMS) has taken the decision to introduce a GaN
technology family in its portfolio. Based on its extensive experience of III–V technology and the intensive support and collab-
oration with partners and European research institutes, UMS has developed the capability to produce state-of-the-art GaN
devices and circuits. The present paper will summarize the current status achieved and illustrate it with a few representative
examples. Aspects covering material, devices, and circuits will be addressed.

Keywords: GaN technology, RF, MMIC, Power

Received 15 November 2009; Revised 26 January 2010; first published online 11 March 2010

I . I N T R O D U C T I O N

United Monolithic Semiconductors (UMS) has been a major
European player in the GaAs technology over the past 10
years. Extending its technology portfolio to include GaN
seems to be a logical step forward. However, such a move
for a company its size requires a very high level of confidence
in the potential of this new technology and its chance of
success. This resulted in a rather conservative approach at
the beginning, mostly involving evaluation and observation
of the development done at partner institutes in the first
phase. Once it became clear that GaN would become the
technology of choice for many future applications and after
securing the necessary financial and technical support,
the second phase of active development of an internal
production capability. The comparatively late start of this
second phase, in particular in comparison to major competi-
tors outside Europe, could be compensated by very close
collaborations with partners close or at the current state-
of-the-art. Indeed, a large European community has focused
in the last decade on the research and development
of GaN technology and devices to reach a level excellence
comparable to the rest of the world [1]. The present paper
will summarize the current status achieved and illustrate it
with a few representative examples. Aspects covering
material, devices, and circuits will be addressed in the
following sections.

I I . M A T E R I A L

A) Substrate
When starting the development actives inside UMS a key
issue was to define the most appropriate substrate for GaN.
Although SiC seemed clearly to be best choice in terms of
performance, allowing very high-power density thanks to
its high thermal conductivity, it was plagued by various key pro-
blems. In particular, substrate size, cost, and defect density
seemed overwhelming. On the other hand, Si looked like a
good alternative with many advantages. Finally, the choice
was made to focus on SiC in order to capitalize on the
best performance potential. Over the last few years the
early limitations of SiC could be significantly relaxed, in par-
ticular, substrate size and defect density. UMS baseline
relies on 3-in. material, which has become the current
de-facto standard, but the fab can accommodate 4-in. and
the transfer will be made when the quality and availability
are satisfactory.

In parallel, activities are still running to evaluate alternative
solutions. Interesting results have been obtained on hybrids
substrates in an attempt to reduce cost and increase wafer
dimensions without impacting performances [2, 3].

B) Epitaxy
Like for its GaAs activity UMS relies on commercial suppli-
ers to provide the epitaxy of the AlGaN/GaN layers. This
allows the best compromise cost/quality and has already
proven to be a very effective solution. Material of excellent
quality is available from sources both inside and outside
Europe. Aside from the usual uniformity and reproducibility
of sheet resistance and carrier concentration, special care
has been taken to choose an epitaxy material providing
adequate buffer isolation. This is essential for power appli-
cations at high bias voltage and using devices with short
gate-length.
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I I I . P R O C E S S

A) Overview
Figure 1 shows the UMS’ GaN technology roadmap. In a first
phase two families are being developed to address application
up to 6 GHz (GH50) and 20 GHz (GH25), respectively. In a
second phase two additional families are planned dedicated
to higher frequencies (GH15) and specific applications
(Switch Mode).

The first technology (GH50) is based on a half-micron
transistor and is dedicated to the fabrication of large-
periphery power bars. This is the most advanced and a first
generation is scheduled to be qualified in 2010. A second gen-
eration is planned with improved performances and features.
One key feature of this technology is to allow safe operation at
50 V drain bias, which is fundamental to make best use the
intrinsic physical properties of GaN.

The second technology (GH25) is based on a quarter-
micron transistor and offers a full MMIC capability. A first
generation is scheduled to be qualified in 2011 and will also
be followed by a second generation. However, first demonstra-
tors have already been designed and fabricated to validate its
potential (see Section V).

B) Process
Both GH50 and GH25 technologies strongly rely on UMS
GaAs experience and use, wherever possible, identical
modules. In particular, the gate module is based in both
cases on an SiN-assisted gate-foot definition identical to

their GaAs counterparts. This provides excellent process
control and reproducibility. The etching process and metal
stack were optimized to achieve the best performance and
stability [4]. The Ohmic contact has been optimized
through several iterations in order to reach appropriate
electrical and morphological properties. The improved
morphology of the Ohmic contact can be seen in Fig. 2.
Good electrical results are obtained for a wide range of
epitaxy suppliers and specifications (see Fig. 3). Both technol-
ogies integrate a full backside process including via holes and a
final wafer thickness of 100 mm. The current via hole process
is based on a conventional dry etching step, but an alternative
approach using laser drilling has also been successfully
evaluated [5].

C) Device physical simulations
In order to optimize the process and device performances, it is
necessary to perform an important number of variations and
iterations. Although experimental results are still the foun-
dation of any technology development, it is often not possible,
for time and cost reasons, to actually realize experimentally all
possible cases. To compensate this UMS made extensive use of
physical device simulations.

As an example we show here how we used the device simu-
lation tool Silvaco ATLAS [6] to assess the origin of gate
leakage current in the devices. This is of interest because of
several reasons. Leakage currents in high electron-mobility
transistor (HEMT) devices are known to limit the power
added efficiency (PAE) for power devices but have also
severe impact on their noise performance [7].

Fig. 1. GaN technology roadmap.

Fig. 2. Ohmic contact cross-section: left: first generation; right: current generation.
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1) design of experiment

Device fabrication utilizing a dielectric-assisted gate process is
widely used in state-of-the-art III-V technology and so it was
during the processing of these devices. During the processing
the Schottky interface is exposed to fluorine-based plasma
baring the risk of heavy plasma damage which can be the
root cause of excessive gate leakage. Therefore, a high
density of donor-like traps was introduced below the gate
contact and a simple Schottky tunneling model was applied.
For more detailed information on the model the authors
would like to refer to [8].

2) simulation results

Figure 4 shows the dependence of the leakage current of
the gate-source diode on the trap density. It can be seen
that a trap density of nT . 1 × 1018 cm23 is needed to
achieve an effect on the gate leakage level. However, high
trap densities can vary the gate leakage level over five
orders of magnitude.

Figure 5 depicts the simulation results on the temperature
dependence of the gate leakage. A strong increase of the
forward Schottky current is observed and the gate leakage
level can vary by another three orders of magnitude just by
increasing the ambient temperature. All these phenomena
are in good agreement with what is observed in experiments

and thus give a strong indication that plasma damage is a
major root cause in GaN HEMT devices.

I V . D E V I C E P E R F O R M A N C E A N D
M O D E L I N G

This section shows the current status of UMS GaN HEMT
technologies characterization, performance, and modeling.

A) GH25 technology
The 0.25 mm process is mainly dedicated to power application
below 20 GHz. Characterizations are performed to track the
performance evolution regarding technology development,
epitaxy, and transistor layout tuning. This can be seen in
Fig. 6, performances at X-band under pulsed conditions on
total gate width transistor ranging from 0.6 to 1 mm. An
output power density around 6 W/mm and a PAE above
55% are measured.

Noise evaluations are also undertaken on this process
versus operating point for low-noise applications, preliminary
results are given on Fig. 7 between 4 and 40 GHz. A status
on noise parameter on GaN on Si, GaN on SiC, and GaAs
transistors can be found in [9, 10].

Fig. 3. Ohmic contact resistivity trend chart versus epitaxy supplier and specification.

Fig. 4. Simulation results showing the dependence of gate leakage on traps
density. Fig. 5. Temperature dependence of gate leakage current.
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B) GH50 technology
This technology is dedicated to applications below 6 GHz.
Thanks to the lower frequency, layout, and epitaxy configur-
ations allow a higher operating voltage. As an example,
load-pull measurements at S band with drain bias voltage
equal to 50 V are shown in Fig. 8. The power density is
around 5 W/mm and the PAE without harmonic tuning
between 55 and 60%.

C) Modeling
A strong link exists between the technology development and
the device modeling at UMS. For GaN devices the know-how
and background from GaAs technologies are used for model
developments.

Nonlinear models are extracted that take into account
traps phenomena [11] and transistor self-heating. Noise
models are also under development. (Fig. 9) Finally, for

Fig. 6. Load-pull measurement on at 10 GHz, Vds ¼ 30 V (100 ms/25%).

Fig. 7. Noise measurement on a 600-mm transistor: NFmin versus frequency, minimum noise figure and associated gain versus drain current at 10 GHz.
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MMIC design a library of passive elements is also available
(GH25 technology)

V . D E M O N S T R A T O R S

A) Design activities based on GH25

1) six to 18 ghz three-stage wide-band

amplifier (measurement results)

A monolithic three-stage high-power amplifier (HPA) has
been developed for wide-band applications. This amplifier is
fabricated on UMS 0.25 mm GaN on SiC device technology
(GH25). The MMIC HPA provides in continuous-wave
(CW) mode 6–10 W output power from 6 to 18 GHz with
PAE from 14 to 25% and minimum small signal gain of
18 dB. The main measurement results in test fixture in CW
mode at Vds ¼ 25 V are illustrated in the following curves
(Figs 10 and 11).

2) x-band hpa (simulation results)

A two-stage HPA is developed on GH25 technology for
X-band application. The target is 20 W minimum output
power associated to 35% PAE in pulsed operating mode
(Fig. 12).

b) design activities based on ums gh50

process

The GH50 technology is developed to address high-power
applications (wide-band and narrow-band, from L- to
C-band). The basic power cell device (1 transistor) has up to
eight fingers with a gate width up to 400 mm. Power bars
can combine up to 15 transistors; power stages can combine
two power bars. Several products are under development in
RF power packages for S-, C-, and wide-band applications
(Fig. 13).

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

There is no technology development and optimization
without reliability testing. In order to shorten the feed-back
loop UMS makes intensive use of on-wafer stress test. This
allows a continual flow of data back to the process activities.
When a sufficient level of confidence is achieved these
usually short tests are completed by extended tests. We
present here some preliminary reliability data (Fig. 14). An
exhaustive test plan will be performed in the qualification
phase.

A) Reliability – strategy of testing

1) evaluation of absolute maximum ratings

One of the first step is to evaluate the absolute maximum
ratings of the technology. This includes (Table 1):

– DC step stress: HTRB and HTOL are performed by steps of
5–10 V on Vds, and 10% on IdQ with a period of 168 h.

– RF step stress: by steps of 5 V on Vds with an increasing
compression of 1 dB and with a period of 168 h. Note
that in some cases a low channel temperature is used to
be more sensitive to impact ionization effects. In order to
explore the complete Id(Vds) plan, different RF matching
states are used in order to maximize the surface of the RF
load line.

2) Long-term aging test
The following list of tests is defined to identify the main degra-
dation mechanisms (Ea) as well as to evaluate MTTF:

– HTRB (high-temperature reverse bias): this test allows to
evaluate the sensitivity to high voltage, high temperature.
Adequate test to evaluate the Schottky degradation under
high electric field. The Vds bias is fixed between 1.5 and
two times Vds0 where Vds0 would be the nominal rec-
ommended bias voltage.

– HTOL/IdQ (high-temperature operating life test/quiescent
drain current test): the definitions are very close. This test

Fig. 8. Load-pull measurements at 3.3 GHz on 3.2-mm transistors: optimum output power load in blue and optimum PAE load in red at 50 V.
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is typically performed at Vds0 and Idss × 0.01 , Ids0 ,

Idss × 0.5, which corresponds to deep AB or AB class bias
current respectively.

– RFLT (RF life test): These tests are performed on the basic
power cells representative of the technology (10–20 W
from 1 to 6 GHz down to 5 W for X- or Ku-bands). The
transistor is matched for optimum output power, preferably
at the maximum case temperature sustainable by the test
environment (around 120 8C). Due to the efficiency of
the device under test, the maximum channel temperature
remains limited.

– Storage test: High-temperature storage test to evaluate the
activation energy of the degradation mechanisms linked
to the contacts metallurgy.

Fig. 9. Linear and nonlinear transistor model validation with pulsed I–V and noise measurements.

Fig. 10. CW output power and gain compression at Pin ¼ 22 dBm.
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– HAST/THB (highly acelerated temperature humidity stress
tests or temperature humidity bias test): Oriented to evalu-
ate the corrosion-type failures. Conditions and duration are
normalized by the Jedec procedures

3) devices under tests and conditions

Different devices are required to address these different evalu-
ations covering all the basic elements of the GaN technology
(passives elements, such as metallic lines, via-hole, MIM
capacitance, resistance, inductor, and active devices (diodes
and transistors). Table 2 summarizes the content, the objec-
tive, and the conditions of tests expected to evaluate the
limits of GaN technology.Fig. 11. CW PAE at Pin ¼ 22 dBm, associated and linear gain.

Fig. 12. Simulated output power, PAE, and power gain in saturation.

Fig. 13. Left: L-band power bar load-pull result (Courtesy of NXP). Right: 50 W C-band HPA – in-package simulated output power, PAE, and power gain.
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B) Preliminary results
Fig. 15 gives an example of long-term test (HTRB) at 30 V
on GH25 with a total duration of 10 000 h. Figure 16

shows the result of two on-going IdQ tests performed on
GH50 with an ambient temperature of 175 and 200 8C
respectively.

Fig. 14. DC step stress on a 0.50-mm GaN HEMT transistor. Tc ¼ 150 8C. Evoluation of drain leakage current and maximum transconductance. (-R-: reference
sample).

Table 1. Relation between test vehicle for reliability and test strategy.

Device Content Objective Conditions of tests

HTRB SS-HTRB HTOL SS-HTOL RFLT SS-RFLT

TCV Elementary transistor, diode,
passive elements

Evaluate the limit of technology x x x

DEC Dynamic electrical circuit:
matched
power transistor

Evaluate the limit of multi-finger
transistor

x x x x x x

RIC Representative integrated circuit:
full MMIC

Evaluate the full capability of the
process

x x

Table 2. Conditions of test regarding GaN technologies – UMS for evaluation.

Acronym Content Objective Conditions of tests (Tc5225/250/275 88888C)

HTRB HTOL RFLT

0.5 mm gate-length Elementary transistor,
diode, passive elements

Evaluate the limit of
technology

Vds ¼ 80 V – .100 V,
Vgs ¼ 27 V

Vds ¼ 50 V, Id0 ¼

50 mA/mm
Id0 ¼ 50 V, 50 mA/mm.

3 dB compression
4 W/mm

0.25 mm gate-length Dynamic electrical circuit :
matched power
transistor

Evaluate the limit of
multi-finger
transistor

Vds ¼ 30 V – .60 V,
Vgs ¼ 27 V

Vds ¼ 30 V, Id0 ¼

50 mA/mm
Id0 ¼ 50 V, 50 mA/mm.

3 dB compression
4 W/mm
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Fig. 15. HTRB test performed at Vds ¼ 30 V – Tc ¼ 175 8C – transistor of 1mm gate development device (8 × 125 mm).

Fig. 16. IdQ test performed at Vds ¼ 50 V – Tc ¼ 200 8C and Tj ¼ 250 8C.
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V I I . C O N C L U S I O N

UMS has developed two families of GaN technologies for
application between 2 and 20 GHz with state-of-the-art per-
formances. The first generation is due to be qualified in
2010 and 2011 for half- and quarter-micron gate-length
devices, respectively. In both cases, first demonstrators have
been designed and fabricated already that demonstrate the
performances achieved. Further generations are planned
later with improved performances and features.
Additionally, at two more families are planned to address
higher frequencies and specific applications, respectively.
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[5] Stieglauer, H.; Bödege, G.; Öttlin, D.; Ilgen, M.; Blanck, H.;
Behammer, D.: Process benchmarking of SiC backside via manufac-
turing for GaN HEMT technology, in Proceedings of CS-MANTECH
Conference, Tampa, FL, USA, 2009.

[6] Device Simulation Software ATLAS 2008, Silvaco, Santa Clara, CA
95054, USA, May 2008.

[7] Sanabria, C.; Chakraborty, A.; Xu, H.; Rodwell, M.J.; Mishra, U.;
York, R.A.: The effect of gate leakage on the noise figure of
AlGaN/GaN HEMTs. IEEE Electron. Dev. Lett., 27 (1) (2006), pp.
19–21.

[8] Hosch, M.; Behtash, R.; Thorpe, J.R.; Blanck, H.; Riepe, K.J.;
Schumacher, H.: Gate leakage in AlGaN/GaN HEMTs utilizing a
dielectric assisted gate process – a simulation study, in Proc. 18th
European Workshop on Heterostructure Technology, Günzburg,
Germany, 2009.

[9] Liu, Z.H.; Arulkumaran, S.; Ng, G.-I.: Temperature dependent
microwave noise parameters and modeling of AlGaN/GaN
HEMTs on Si substrate, in Proc. Int. Microwave Symp., Honolulu,
Hawaii, 2007, 777.

[10] Bettidi, A.; et al.: X-Band GaN-HEMT LNA performance versus
robustness trade-off, in Proc.e 4th European Microwave Integrated
Circuits Conf., Rome, Italy, 2009, 439.

[11] Jardel, O.; De Groote, F.; Charbonniaud, C. et al.: A drain-lag model
for AlGaN/GaN Power HEMTs, in Proc. Int. Microwave Symp.,
Honolulu, Hawaii, 2007, 601.
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