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Part 1: MEMS, FET AND PIN RF
SWITCHING DEVICES AND CIRCUITS

Outline
» Semiconductor switching devices
Basic properties of PIN diode and FETs in RF switching applications
» Comparison of semiconductor switches

+ MEMS as RF Switches

What are MEMS?

Why RF MEMS?

Advantages over conventional technologies
MEMS resistive and capacitive switches
MEMS modelling

>
>
>
>
>
» MEMS applications and conclusions
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Why RF MEMS?

. Properties
Switch P
type ;
! In::ertlon Isolation FELT DC voltage Speed Bandwidth
oss consumpt.
PIN/ _ narrow /
Schottky ~0.15 dB 45 dB 1-5 mW 1-10 V. 1-5 ns i
Ll 1-2 dB ~20 dB 1-5 mW 1-10 vV 2-20 ns EEET
Fetes wide
HBT/PIN | 082dB 25 dB 1-5 mW 1-10 v 1-5 ns "av:gg’
Best FET | 0.5dB 70 dB 5 mw 35V 2ns narrow J
_ wide
0.06 40-60 dB ~1 pWw 10-20 V > 30 ps (140 GHz)

Advantages over conventional technologies
(PIN diodes, JFET, MESFET....)

o High RF performance (up to
mm-waves)

o Near-zero power consumption
0 Volume production 2>low cost
O Miniaturization

Open issues

> Reliability
» Switching speed
> Power handling
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anchor switch contact

Tchor E switch contact

pull down electrode
and t-line
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RF MEMS

RF MEMS

High lifetime (repeatability) of
the switch on nano-scale
level !!

Million cycles
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Insertion Loss (dB)

Isolation (dB)

g
g
g
2
Insertion Loss @ 40 GHz  <0.07 dB
Isolation @ 40 GHz >35 dB
a Model Values
Rs o—/\je—Al—&’Ea 0.11 Ohms
Rsh Conicis 0.2 Ohms
z  Coff 0.03-0.045 pF
w  Con Ry, Ry 34 pF
s Ron 0.25 Ohms
£ Capacitance Ratio 70110
£ Cutoff Frequency 18,000 GHz
Switching Speed <10 Hs
Intercept Point > +66 dBm
Switching Voltage 30-50 volts
Size 280 x 170 pm_|
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= Conncted pads forming a bow-tie

metallisation pattern. Aimost any
shape of the active metallic part of
the antenna can be readily realised

Control Chip

Micro-switch
Metallic Pad

0 Allows adaptive optimisation for frequency band
0 Allows steering of pattern for single feed aperture
O Lets user adaptively trade bandwidth for gain
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Return Loss (dB)
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Electronically controlled multi-beam
antenna with switched parasitic elements

active unipole
parasitic (directors f
or reflectors)
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' RF switch RF switch
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Source: Jia-Cheng Ke, Ching-Wei Ling and Shyh-Jong Chung: Implementation of a Multi-
Beam Switched Parasitic Antenna for Wireless Applications, 2007 AP-S Symposium, Hawaii

Electronically controlled multi-beam
antenna with switched parasitic elements

Return loss
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Source: Jia-Cheng Ke, Ching-Wei Ling and Shyh-Jong Chung: Implementation of a Multi-
®/  Beam Switched Parasitic Antenna for Wireless Applications, 2007 AP-S Symposium, Hawaii
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I CANDIDATES FOR REFLECTARRAY ELEMENT DESIGN
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—»
feeding horn

Reflection Phase (deg)

distorted reflector

MEMS actuated wave
front controller RF MEMS
switches

reflectarray element

8 12

Length of the slot (mm)

—a&— Measurement = = = =Simulation
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Reconfigurable reflectarrays

Experimental model

patch plane wave

"
-
waveguide plane \ Yvy

wave simulator

ground plane

* Source: H. Rajagopalan, Y. Rahmat-Samii, W. A. Imbriale: Reconfigurable Patch-Slot
Reflectarray Elements using RF MEMS Switches: A Subreflector Wavefront Controller,
2007 AP-S Symposium, Hawaii

Conclusions

0 Reconfigurable antennas respond to the increasing demand for
bandwidth and service quality

o Advanced synthesis methods allow for sophisticated functional
capabilities: beam steering, beam shaping, null placing

o MEMS technology allows for practical implementation of such
capabilities through various tunable devices (Phase shifters, power
combiners, directional couplers...)

o MEMS-reconfigurable reflectarrays are a promising candidate for such
applications

o Convergence of various competences: microelectronics, materials,
electromagnetics, microwave circuits, signal processing
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