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GaN-on-silicon technology 

Technology description
III-nitrides compounds have become extremely important semiconductor materials due to their unique electrical, optical, 
mechanical and chemical properties. While their wide bandgap allows for blue and white light emission and/or detection, 
it also enables high-voltage operation even at high temperature. Impressive achievements have been made in the devel-
opment of nitride-based field-effect transistors in high-power electronics, up to RF or mm-wave frequencies. The two-
dimensional electron gas which spontaneously forms at the AlGaN/GaN interface creates a transistor channel exhibiting 
very high mobility. While GaAs and Si struggle to simultaneously provide high-power and high-frequency operation, GaN 
HEMTs are extremely successful in this area. GaN devices are capable to handle 10 times more power density than GaAs 
at the same frequency. They can also replace four Si-based transistors by a single device. Besides the high performance 
nitride transistors, Schottky devices have also been recently developed. Their low reverse recovery time, combined with 
the high-frequency capability and the low on-resistance of the HEMT, significantly reduced the system (switching) loss, 
yielding highly efficient systems.

 

Applications
These unique properties of nitrides obviously open a very wide range of applications.  The largest market for GaN relies 
on the optoelectronic properties of this material: light-emitting diodes (LEDs) are today used in backlighting of all our 
mobiles, in lighting applications, signs… Blue lasers enable high density optical disk storage. Although they have a smaller 
market size, AlGaN-based detectors are used for UV and extreme-UV detectors, for planet observation or optical lithog-
raphy etc. With the perspective of significant reduction of energy consumption, the general illumination market ensures a 
bright future for this nitride market segment.
The above-mentioned high power/high frequency unique capabilities explain the importance of GaN HEMT devices for 
electronics. The application areas of nitride-based high-power amplifiers has now broadened significantly from its initial 
seed markets, namely the space (harsh environment) and military fields (radar), towards more commercial applications, 
essentially in wireless communication: base stations (3G, 4G), WIMAX and broadband. Evenly promising are the opportu-
nities created by those components in power conversion, for power factor conversion (PFC), switch mode power supplies, 
DC/AC inverter or converter for UPS (uninterruptible power supply) or industrial applications. Last but not least, thanks 
also to their high-temperature capability, wide-bandgap devices are seen as a key enabling technology for hybrid vehicles. 

System-in-a-package assembly of AlGaN/GaN HEMT 
power bar using a dedicated power package with direct
heat sink.

AlGaN/GaN structures on 
150mm silicon wafers.



Technology advantages
While first commercial devices appear on the market, the GaN technology still strongly depends on the material 
source. The lack of native GaN substrates requires alternative substrate materials. Growth parameters, crystal quali-
ty and substrate choice have a significant impact on the device performance.. The choice of the substrate is indeed 
of key importance. While SiC substrates are today often preferred for easier thermal management, the Si substrates 
alternative is very attractive because of its larger wafer diameter and lower costs perspectives. The lattice and ther-
mal mismatch between the Si and III-nitrides crystals require careful strain engineering within the heterostructure. 
IMEC has shown that it is possible to grow crack-free, flat and smooth HEMT quality epiwafers onto Si (111) sub-
strates. The typical requirements for high performance devices reside in low sheet resistivity epiwafers (typically below 
500Ohms/sq.), i.e. high electron mobility (>1800 cm²/Vs) and high carrier density (>1013 cm-2). The use of those epi-
wafers enables the realization of highly efficient high-power amplifiers from a few MHz to 100GHz. Impressive total 
output power performance has been demonstrated by nitride (>100W/chip at 2GHz). The suppressing the DC/RF 
current collapse is the major challenge. A key feature of IMEC’s technology is its proprietary in-situ passivation process 
by capping the top layer with SiN MOCVD-grown layer. This gives extremely good control of the surface impact on 
the device performance. Thanks to this unique process, IMEC demonstrated uniformly on wafer, good device perform-
ance exhibiting very low dispersion issues. With this process, IMEC solved one of the major challenges encountered in 
these devices. Research institutes currently focus on the reliability aspects. Currently major R&D efforts focus on high 
breakdown voltage devices of few hundred voltages for RF applications, or thousand volts for high power conversion.

Benchmarking
IMEC has significant expertise in III-nitrides electronics, from material growth to device processing and highly-integrated 
sub-systems development. As far as the epiwafer growth is concerned, IMEC is pioneering large diameter Si-based HEMT 
epiwafers, as first demonstrated by an AlGaN/GaN HEMT epiwafer grown on a 150mm Si wafer. The excellent crystalline 
and electrical quality of the epiwafers are reflected by the low sheet resistivity (typical 300Ohm/square well within or 
below the state-of-the-art), with mobilities exceeding 1900cm2/Vs and high uniformity (<2%). A key feature of IMEC’s 
technology resides in its proprietary in-situ passivation process, which gives extremely good control of the surface impact 
on the device performance. This in-situ Si3N4 passivation process allow IMEC to demonstrate state-of-the-art device 
operation in the L band or C band on 2.5mm devices, a power gain of 23.7dB associated to a power-added efficiency 
of 60% was demonstrated for HEMT on SiC devices measured on-wafer. A key advantage of in-situ passivated devices is 
the extremely low gate leakage current of 10-6A/mm range as opposed to 10-3A/mm for most published results; or 2 to 
3 orders better than standard devices. First high-power amplifier demo based on those devices has shown a bandwidth 
over 30% around 2GHz (1.9 to 2.5GHz). 

In the field of integrated systems, IMEC recently demonstrated a flip-chip integration technique valid for thermal manage-
ment in those high-power density devices. Integration, including via technology, is also a key technology for the demonstra-
tion of 2D GaN-based EUV detectors.  

The first demonstration of enhancement-mode nitride transistors (positive threshold voltage) without gate recess etch-
ing witnesses IMEC’s intention to rapidly position itself in the of power conversion. With its GaN-on-Si technology, IMEC 
focuses on the development of highly manufacturable and low-cost technology to facilitate the market access.
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