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“The Secret of Our Success…”’

Co-funded by Swedish Armed Forces /FMV /EDA /Vinnova

GAN TECHNOLOGY:
PUSHING THE ENVELOPE

Johan Carlert Saab Surveillance
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GAN – NEW BREAKTHROUGH
SEMICONDUCTORS
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• GaN = Gallium + Nitride

• Semiconductor
‒ Silicon, Silicon Germanium, Silicon Carbide
‒ Gallium Arsenide, Gallium Nitride

• Wide bandgap – very high performing
‒ Robust
‒ High power
‒ Large bandwidth

• Applications
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WHY GAN?

• GaAs and Si are already pushing their
limits
‒ No room for real improvements (power vs.

efficiency vs. size vs. reliability)

• GaN has proved its superiority
‒ power & efficiency & size & reliability
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AESA; THE BASICS

AESA – Active Electronically Scanned Array
• Active=One transmitter (power amplifier) and receiver (low noise amplifier) per

element/module
• Electronically Scanned=Beam scan using phase gradient
• Antenna/Array
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TRANSMIT/RECEIVE (T/R) MODULE

Defines the performance (and cost!) of the
whole system

Key building blocks

• Core-functionality: amplitude and phase
control (steering of antenna lobe)

• High Power Amplifier (HPA): sets the output
power (and thus the range)

• Low Noise amplifier (LNA): sets the noise
level (and thus the sensitivity)

CORE HPA

LNA

LNA
Core-chip

Driver HPA Limiter
Circulator
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FIRST GENERATION AESA-BASED RADARS
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Early 90´s

S-Band

~200 T/R-modules

X-Band

~20 T/R-modules

~2010

X-Band

~1000 T/R-modules
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T/R MODULE (R-)EVOLUTION
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HPA

Rx/Tx

N-bit

Logics&
Supply

N-bit

GaAs/SiGe MMIC

GaN MMIC

GaAs / GaN

Fe Circ. (GaN T/R-switch)

LNA

Driver

GaN MMIC

Core-chip

R

SI
PO

High Power Amplifier (HPA)
•Increased output power

•Higher efficiency (“same input-more output”)

Switch
•Circulator replaced with

switch

Low Noise Amplifier (LNA)
•Robust

•No (less) limiting needed

GaN MMIC

TBD

General
• Reduced size

• Wider bandwidth => EW operation
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BREAKING NEWS
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Aviation Week May 26/June
2, 2014

”Saab has unveiled a previously
closely held program that puts
the company ahead of most its
larger rivals in the race to field
active AESAs based on GaN…
The company is deploying GaN
in new and expanded range of
land- and sea-based radars and
EW systems…”



COMPANY RESTRICTED | NOT EXPORT CONTROLLED | NOT CLASSIFIED
Your Name | Document number | Issue  X | © Saab

SAAB WIDE BAND GAP DEVELOPMENT
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Chalmers CHACH Chalmers GHz Center

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Vinnova / Chalmers WBG

GENA MAESA 2
FoT El&Bygg

EDA KORRIGaN
EDA SWAP

HPA SiC HPA
S-Band:

X-Band:

EW / Wideband:

LNA

Switch/LNA

HPA

HPA

Switch

ITAR Free
Foundry

EDA MAGNUS

SwitchLNA

Saab R&D Wide Band Gap (SiC & GaN)

HPASwitch

HPA/Drv+SwitchLNA

https://www.google.se/url?q=http://eeas.europa.eu/csdp/structures-instruments-agencies/eu-agencies-on-csdp/european-defence-agency/index_en.htm&sa=U&ei=uyFnU5HuJ6j_4QTYyIDoCg&ved=0CC0Q9QEwAA&usg=AFQjCNEAfGcUEw-XsDRT3QbOnQcNyfiU5w


GigaHertz Centre 2007-2016
An international consortium between Chalmers and leading companies

for bringing research advances in microwave engineering and components faster to industry

www.chalmers.se/ghz

• Research topics:
• Si-based transmitters for mm-wave arrays
• Dispersion-free GaN HEMTs
• Low phase-noise integrated GaN oscillators
• THz and very low-noise components

• System targets:
• Cellular radio base stations for 5G
• Microwave/mm-wave radio links
• Defense radar systems
• Satellite radiometers
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MORE FROM THE PRESS…

• ”One thing we always have been good at is not being
hesitant about taking substantial technology steps. We
wanted to take a step beyond the first generation
AESA. Fortunately, we had a good relationship with
Chalmers University of Technology (Sweden´s leading
research institute, based in Gothenburg) so we were
quite prepared.”
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THE SWEDISH GAN CLUSTER
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WINNER – Saab and Raytheon!

http://aviationweek.com/technology/aviation-week-laureate-award-winners-announced
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UNPARALLELED PARALLEL                 DEVELOPMENT

• Robust and rapid development based on
long term synergistic Swedish development AND early
adaption in system/sub-system development

• AESA GaN MMIC introduction enables significantly
‒ Improved Performance (Power and efficiency)
‒ Miniaturization (size and weight)
‒ Improved robustness (temperature and MTBF)
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SO, WHERE DO WE GO FROM HERE?
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GAN EXPLOITATION ROADMAP
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2015 2016 2017 2018 20192014 2020
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WIDEBAND CHIPSET OVERVIEW
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WP2 MMIC Design

WB Transceiver MMIC
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WIDE BAND TRANSCEIVER MMIC

• Measured Performance On Wafer
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CONCLUSIONS

• 15 years of focused R&D have put us ahead of our competition
‒ Exploitation of new semiconductor materials requires perseverance

• The GHz Centre has built one of the strongest GaN-clusters in Europe
‒ LiU, Norstel, SweGaN, Chalmers, UMS, Saab, Ericsson…

• We are still only scratching the surface of what benefits GaN can give us
‒ “GaN opportunities will grow,… GaN still has a lot of untapped potential”, DARPA sept 2015

• If we play the cards right we have (at least) 20 years of world leading
innovation ahead of us
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Thank you for your attention!
Questions?


