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* RF MEMS technologies

+ Examples of realized components, circuits and sub-systems
* Future directions
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Applications of Adaptive, Reconfigurable, RF Front-Ends

Application Example: Direct Conversion Receivers

+ Reconfigurable components and circuits allow multi-band
operation
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Application Example: Handset Antennas

* Bandichannel selection antennas
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Aplicaton Exaple: Conventicnal and Reconfigurable
Multi-Band Rx/Tx Front-End

+ Radio links are operating, for example, at 7, 8, 13, 15, 18, 23, 26, 28, 38, 42,
and 58 GHz
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Base Stations Architecture vision enabled by RF MEMS

Knocking the basestation down 1o & wireless line card -
thanks to MEMS/NEMS
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Base Stations Architecture vision enabled by RF MEMS
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Application Example: Multifunctional Radar in UAV

See and avoid

R Maimauist, A Ounchis and B Enickson “Multi-Band and Reconfgurnbie Front.Ends for Fiaible nnd Mut
Funceonal RF Sysiems,” Proceedings of e 2007 Asis Pacdic Mcrowsve Conference. Banghok. Thadand. Dec
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Electronically Steerable Antennas: for Communication

Scenario:
Bi-directional broadband SatCom links from a mobile platform to a
satellite and vice-versa.
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EADS

Multi-Band Communication and Radar Systems

Scenario:
Next generation multi-band satellite payloads, airborne radar and ECM systems

Concealed Weapon Detection with Millimeter Wave Imaging

< Beam scans over the body

Hom antenna
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+ Application examples

* RF MEMS technologies

+ Examples of realized components, circuits and sub-systems
+ Future directions

“MEMS Bridge - Switch
= About a million times smaller than a normal bridge

= Length 300 um, width 50 um, thickness 1 um, height from the
substrate 1 pm

« Can be used as a switch at radio frequencies
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Example Technologies: EADS' RF MEMS

» Very simple and cost effective technology with high performance
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Example Technologies: VTT's RF MEMS

+ Thin film process suitable for wide variety applications and
frequencies from 0.5 GHz to 220 GHz and above
+ Unique properties: Available as MPW service, two sacrificial layers

Outline
+ Application examples
* RF MEMS technologies
»E les of realized ts, circuits and sub-sy

* Future directions.
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= Matching

+ Power sensors
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Reconfigurable Circuits: Matching and Tuning Circuits at VTT

+ For power amplifiers. antennas, fllters, VCOs...

+ Based on capacitive MEMS switches

= In PA and antenna i 1 and battery life

- Bandwidth, low loss, large tuning range and linearity are benefits compared to solid
state and tuning

= Matching and tuning circuits realized from 0.4 GHz to 220 GHz at several frequency
bands at VTT

MATCHING
NETWORK

Packaged RF MEMS Matching Network
* RF MEMS chip flip chip dtoah ie LTCC

» Loss includes LTCC package + flip chip connections, loss of the MEMS chip.
RF MEMS chip

Antenna arrays on LTCC for 60 GHz applications

Radiating antenna
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2-pole , 5% BW, Qu=60, 4 dB IL

K. Entesari and G. M_Rebeiz,"A Differential, 4-bit. §.5-10 GHz
RF MEMS Tunable Filter™ IEEE Trana. an Microwave Theory
and Tech., vol. 53, no. 3, pp. 1103-1110, Mar. 2005
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Wideband 12-18GHz Reconfigurable Filter, Univ. of Michigan Electrically Steerable Phased Array Antennas
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3-pole , 5% BW, Qu=50,5-8dB IL K. Entesari and G.M. Rebeiz. “A 12.18 Ghz 3-Pols RF MEMS

K Tunable Filter” IEEE Trans. on Microwave Theory and Tech.,
Covers 12 -18 GHz with very high resolution vol 3. 1o, &, pp. 26882671, 2006

. Proceedings of the IEEE AP-5 infermational Sympasim
2008, Alburueras, NM, USA, July 2008, pp. &
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3-Bit Phase Shifter at Ka-Band
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+ Mul Octave frequency agiity by reconfigurable matching neteorks using RF-MEMS and law memary 3

= In sity optimization of operational mode (Max aff.. max Inearty, max gain, lewest side emission) "
+ Adaptation 1o modufation format and Crest factor s
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Reconf. Basestation, ERGAN Demonstrator Technologies Available for Everybody
Switching between 3 different frequency ranges RF-PLATFORM MPW Run Schedule
Linearity of Multi-octave ampliifer Alcabel-Lucent @ . LTCC
e ! EESESSsEeRs T EasS + Deadine for designs: Jan, 28th 2009, Technology provider: VIA
- = : @ electronic 9 P )
4500 P s
it . * SiGe2RF
- = * Deadline for designs: Dec, 15th 2008, Technology provider: ATMEL
i = o - + RF MEMS -1
é a0 « Deadline for designs: Dec. 18th 2008. Technology provider:
. Fraunhofer ISIT
P reis * RF MEMS -2
e A5 + Deadline for designs: Dec. 12th 2008. Technology provider: THALES
E- + IPD {Integrated Passive Devices) -1 copper layer

3 31 Pu + Deadline for designs: Jan, 16th 2009. Technology provider; VTT
i - @Bim + IPD -2 copper layers
+ Deadline for designs: Oct 31st 2008, Technology provider: VTT
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Outline Future Directions (1)
+ Application examples + Passive concepts
* RF MEMS technologies + Passive elements such as antennas, feed networks, matching
+ Examples of realized components, circuits and sub-systems circuits are fabricated to low loss substrates with RF MEMS

switches and circuits
+ Sub-system example: passive electrically steerable array

« Future directions

* Heterogeneous integration
+ Active and RF MEMS components are stacked and connected
with cost effective interconnection and wafer level techniques

+ Can be very cost and size effective
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Future Directions

* Monolithic integration

« RFIC/MMIC are integrated together with RF MEMS switches
and circuits

* Maximizes the integration level at the same chip
* Lower number of interconnects

* On-going EU-funded project MEMS-4-MMIC
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