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1) Why frequency agile RF Systems?
Evolution of standards (air Interface protocols)
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1) Why frequency agile RF Systems?
Mode=Band+Standard

Problem: So far each „x“ a new product

More bands (22) than 3G+ standards (3) Multiband more important than Multistandard !
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a) Basestation/handset variants
• Huge variety of products: 

- serving different markets
- serving different frequency bands
- serving different standards

• e.g. numbers of bands increasing 
beyond 4 (Quattroband)

b) Spectrum deliberalization
• New frequency bands being opened up 
• Design cycle to introduce appropriate hardware?
• Cognitive radios seek for unused spectrum and 

use it according agreed policies

c) Future end to end reconfigurable networks
• See EU project E2R

d) Network migration strategies
• Transition phases between standard generations

1) Why frequency agile RF Systems?
Motivation factors

Lucent OneBTS

Already some sort of 
ambient intelligence
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• All RF units of RF system are reconfigurable, not only the radio!
• Allows remote setting of frequency band
• No need to exchange part of the hardware, when changing band

Frequency agile 
Filter

Frequency agile 
Antenna Frequency agile

power amplifier

Frequency agile
Radio

Standards agile
Baseband

(CDMA, UMTS, WIMAX)

2) Relation to SDR
What is a frequency agile RF System?

Frequency agile
RF-System

(350…3500 MHz)

Focus of SDR
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SDR - classical
• Only characteristics of digital and baseband part defined by software
• Analog part stays fixed, only single band
• No reduction of information in analog part

Analog Digital Baseband
A/D
D/A

Control
SDR - refined - With Frequency Agility
• Characteristics of analog part and conversion also defined by software

Analog Digital Baseband
A/D
D/A

Control

Multiband RF 
Analog Signal 

conditioning

Multiband Ant.

Wideband

Narrowband

Fast

Slow

2) Relation to SDR
A refined view at SDR

Bell Labs Europe 8

2) Relation to SDR
Analog Signal Conditioning to knock down information

Filtering=bandwidth limitation
• Coarse filtering analog domain, precise filtering digital domain
• Reduces sampling bandwidth → less data to process
• Eliminates/Attenuates blockers → less SFDR sufficient for converters
• Limits noise bandwidth 

AGC=Gain Ranging
• Adjust gain to signal of interest
• Reduced dynamic range → less resolution sufficient for converters
• Less bits → less data to process

Find the right balance in doing a signal 
processing job analog or digital !

Let’s use RF-MEMS
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• Wish: One metric for analog and digital !

• Def.: Overhead factor
– Amount of data relative to net data stream

– Defined for each signal processing stage

• Net Data stream: Typical 12.2 kbit/s for voice

• Calculations:
– Analog domain: Use Shannon

B=bandwidth, SNR=Signal-to-Noise-ratio

– Digital domain:
N=resolution, r=clock frequency

– Overhead factor: 

• By definition
– Decoders output / Coders input:

– air interface: 

• Method applicable for TX and RX

2) Relation to SDR 
New Method for analyzing complexity of architecture
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2) Relation to SDR 
Graph showing overhead factor

Air
Interface

Dec 
output

EQ 
Out

EQ
inDecimation

ADC
out

ADC
inRF stages

critical !!

Antenna

Analog Digital

Preselector

Gain
Ranging 

BB Filter

Benefit of
analog signal 
conditioning
by RF-MEMS

→→→→ Factor 400 (80000/200) reduction in complexity!
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Broadband
IQ Mixer

Multiband 
Synthesizer

Dual
DAC

Dual
ADC

Reconfigurable 
receive filter
or tunable 
preselector

Multiband 
Synthesizer

Gain
ranging

3) RF System design approach 
Opportunities to use RF-MEMS

Universal
Baseband

Transmit
filter

Receive
filter

Multiband Antenna

Tunable
Metamaterial 

Duplexer

Reconfigurable 
transmit filter
or tunable 

postselector

RF-MEMS 
opportunities

Reconfigurable
Matrching networks

PA
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Challenge
• Transmitter and Receiver have to be operated in parallel
• A TX/RX switch as with classical SDR cannot be used
• Huge Dynamic range between TX and RX (e.g. 120 dB)
• Risk that receiver is desensitized by wideband noise from own transmitter

Classical solution
• Large form factor duplexer 
• Based on coaxial resonators, Q=5000 
• High costs
• How to make this tunable over multiple octaves?

Alternative approach
• Distributed filtering
• Keep bandwidth small at every signal stage 
• Balance between coarse analog and precise digital filtering
• Do more filtering at low power RF, to relax duplexer requirements at high power
• Coarse analog filtering supported by RF-MEMS

3) RF System design approach 
Duplex problem

Broadband is not 
always good, it has high 

risks of spurious and 
blocking, so instead of 
broadband, go tunable 

narrowband
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3) RF System design approach 
Duplex problem

Classical solution

• Coaxial resonators

• Fixed characteristics

• Only a few % tuneable

Duplex filter
• 24cm x 36cm x 5cm
• Q=5000, silver plated
• 14 TX, 10 RX resonators
• High costs, high weight

Stepper motor tuningRX
TX

Antenna
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Output 
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Amp. 

Input  
Isolation 
Amp. 

Programmable 
Gain Amp. 

Logic and Driver 

Optional 
detector 

Calibration table 
FLASH RAM 

• Reconfiguration of analog path through a digital Interface
- Analog properties set by software (new understanding of SDR)

• Encapsulation concept
- Isolation amps (No detuning due to outer impedance variations)
- Buried resonant structure (No detuning due to electromagnetic coupling)

3) RF System design approach 
Distributed filtering (preselector, postselector)

Precision no 
longer is an 
attribute to 

digital only !

Digital

Analog outAnalog in

Potential Realization in LTCC

RF-MEMS?
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3) RF System design approach 
RFB (Radio Function Block) realized as a SIP (System in Package)

Switches

Varactors

Variometer

System building 
block SIP

Analog
Amplifier

Package

Digital Logic,
Bus, Interfaces

Active
Components

Flexible System

Extended 
Tuning range

Passive 
Components
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RF-MEMS
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4) RF-MEMS 
Likes, to dos, don’t cares, needs…

Likes
• Separation of DC control and RF-path → reduces crosstalk
• No Bias-Ts! → nice with complex topology of reconfigurable RF circuits
• Inherently linear on RF-path (not an active device)
• Near ideal switch (Low loss, high isolation)

To do
• Increase power handling capability (10....20W ?)
• Package shouldn’t degrade superior RF performance at die level
• Step up from component to system building block function!
• Combine RF-MEMS with active devices and logic

Don‘t care about
• Actuation voltage / Actuation power
• Number of switching cycles (Only Reconfiguration)
• Dynamics/switching speed (Only Reconfiguration)

Devices needed
• RF Switch matrices e.g. SP4T (resistive switch, not capacitive)
• Varactors=tunable C, together with switchable bank of fixed cap
• Variometers=tunable L, together with switchable bank of fixed inductors
• Pre-/Postselector=tunable C+tunable L + switches combined
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Jozwiak

RF MEMS

4) RF-MEMS 
MEMS inductor, variometer activities

Tassetti, ESIEE France

Hector de Los Santos,
NanoMEMS LLC

old…

new…
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Tuning 
Voltage 

MEMS Varactor 
with extended 
tuning range 

+U 

Output Resonant circuit 
(tank)

Negative 
Impedance 

Range 
select 

Actuation

4) RF-MEMS 
for a wide tuning VCO

• Wide tuning MEMS varactor
• Great Frequency ratio
• No Bias-T like with varactor diode, control isolated from RF
• Lowpass characteristic of control loop by mechanical damping of MEMS varactor
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4) RF-MEMS 
for a tunable duplex filter

New approach - Metamaterial duplexer

• Use of composite left and right handed structures

• Use of zero order resonance

• With zero order resonance losses in series tuning 
elements (R) don’t degrade Q

LR CL R

CR
LL

εr < 0,   µr < 0

n<0

Vph<o,  Vgr >0

Equivalent circuit unit cell of Composite Left Right 
handed transmission line CRLT
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4) RF-MEMS 
for a tunable duplex filter

Source, Department of RF, Prof. Schmidt, UNI Erlangen, Germany
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5) Demonstration activities
MEMS Switch
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5) Demonstration activities 
MEMS switch matrix

• Unselected filters enhance 
stopband attenuation

MEMS SP4T

Coventor
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5) Demonstration activities
Frequency agile basestation
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5) Demonstration activities 
RXBP - Receive Bandpass

RF-MEMS 
Switch
Matrix

4 filters
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5) Demonstration activities 
TXBP - Transmit Bandpass

GaAs Switch

4 filters
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5) Demonstration activities
TXMX - Transmit Mixer (top side)

RF-MEMS 
Switch
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6) Summary

• Frequency agile RF-System
– Not only the radio, but also the antenna, the duplex filter 

and the PA has to be reconfigurable
• Ambient intelligence

– Cognitive radio, seeking for free spectrum to be used
– Adaptation to various bands and standards

• RF-MEMS
– A Renaissance of Analog
– Well suited for signal conditioning in analog
– Key to distributed filter approach (pre-/postselector)
– Beneficial characteristics from system view
– Attractive for tunable metamaterial

• RF-MEMS to dos:
– Increase power handling capability
– Variometers (tunable L) needed
– Combine different MEMS elements to form a system function
– Combination RF-MEMS with active devices

• Demonstration
– Benefits of RF-MEMS
– Frequency agile basestation

A frequency agile 
basestation has 

been demonstrated 
based on  
RF-MEMS


