EEL&3I5 Advanced MEMS (Spring 2003)
Instructor: Dr. Huikai Xie

Lecture 13

m Agenda:

a RF MEMS: Introduction
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Simplified Transceiver Architecture

Wireless Communications
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A 3-Band MEMS Wireless System
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m MEMS-Based Wireless Applications

= Transmission lines
= Switches

» Resomators
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High-Q Passives Circuits/Systems
» Inductors « Oscillators
» Varactors « Mixers

Power amplifiers
Phase shifters
Filters

switch matrices

Transceivers

Comparison of Different Switches

Insertionm Losz (dE)

2 _MEVS

R

Imwriion [ass

Isokrtion i B
=

: =

S T FIN
': FET

[ ]
Fregquency (GRlzp
MEME: MEME sotichkea

PCY: Guda F-1-N Diedea
FET: G=Ax Trenizicr

BRLERIL Achwnoes WA TRI0DH. Xe

MEMS switches
= Good isolation
= Low insertion loss
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m RF MEMS Application Areas

RF MEMS Switches and Varactors

- Low logs and low power consumption (0.1 dBE up to 120 GHz)

« High laolation (= 30 dB up to 100 GHz)

= Potential for low cost fabrication (no epl layers, no 0.15 um IiEho.)
« YWary high @ poselble with varactors (and large capaclfance range)
« Yary low intermodulation products [= &0 dEm)

RF MEMS Inductors
= Vary high @ poselbls {@ = 50 at 1-5 GHz)
» Bullf using MEM S processss but nothing moves (nof tunabla)

RF MEMZ Filters

= Vary small slze possile (1000% reduction In slze In slement)
- Extremely high-@ {5,000 to 50,000)
- Compatible with CMO 3 and potential for low cost
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Example RF MEMS Devices

MEMS Cacillatee {L-Michigan)

MEMS [=dustor (LAIST)
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m RF Basics m Skin Depth

I 3 conductor with nonzera reslelance s present In a progagating electromagnetic
3 Skin Effect flekd. the Neld will p2netrate the conductar. The penetrasian depih d2pende an Mea
In Errec rasistlvity of ®e conducior and fe fraquency of the EM wave.

O Transmission Line (t-line)
Skin Depth ks definad a6 the distance at which the fleld ks decayad o e-' = 36.8%

O Microstrip Line of R8s value 31 e alr-conductor Interfaca.

4 Coplanar Waveguide Transmigsion

Ll
Line (CPW) s Jmu Jfo

3 Smith Chart
- comductvity of th ductor, p: ility of th ram; and £ sigmal
Dﬂ“ﬂl“’j’ Faclor ;mm;q Aty of the com p: permeability of the mediam; 2nd £ sig
Examplac
a(Al = 37.2 ME3m; of Ca) = 38 M3/m;
Thus, at 1GHs, &AD=125pm; H{Cal=14Tpm
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Skin Depth Transmission Line
Surface resistivity (02 per surface area) A signal path connecting a source to a load
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If the conductor is thin, some energy escapes.

Conductor thickness A ’ : |
2 P
A=5 2 36.0% i | | ) -
A=2E = 135% E e T 1
A=45 2 1.3% , : : |:/
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