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Radio frequency (RF) microelec-
tromechanical systems (MEMS) 
switches and varactors, devel-
oped in 1996�2002 for low-
loss switching/routing circuits 

and X-band (8�12 GHz) to millimeter-wave 
(mm-wave) (30�120 GHz) phase shifters, 
have seen increasing applications in tunable 
� lters, tunable antennas, and recon� gurable 
matching networks. RF MEMS devices are 
well covered in [1] and [2] and consist of four 
different designs (Figure 1): 

Metal-contact switches1) with excellent 
performance from dc to 100 GHz (see 
Radant MEMS [3]).
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Capacitive switches2)  with a capacitance ratio of 
20�150:1 are mostly used as On/Off switches and 
with excellent performance from 2 GHz to greater 
than 100 GHz. See Raytheon [4] and the Massa-
chusetts Institute of Technology (MIT)-Lincoln 
Laboratories (LL) [5]. 
Switched capacitors3)  with an On/Off capacitance 
ratio of 4�10 : 1, which are ideal as tuning devices 
from 500 MHz to greater than 100 GHz [see Uni-
versity of California at San Diego (UCSD) [6]�[8] 
and University of Limoges [9]). 
Analog varactors4)  with a continuous tuning range 
of 1.5�8:1, which are also used as tuning devices 
from 500 MHz to greater than 100 GHz (see Rock-
well Scientific [10], MIT-LL [11] or the piezoelec-
tric (PZT) [12] varactors). 

Great advances in SiGe and complementary metal-
oxide-semiconductor (CMOS) technologies for RF to 
mm-wave applications, have led to high-performance 
amplifiers and low-cost silicon-based phase-shifters up 
to 100 GHz [13]�[17]. Also, dc-3 GHz Gallium Arsenide 
(GaAs) high-electron mobility transistor (HEMT) and 
Silicon-on-Insulator (SOI) CMOS switches command 
US$0.02 per switch throw for mobile phone switching 
circuits. It is, therefore, clear that RF MEMS can only 
shine in the near future in areas that cannot be imple-
mented using silicon (or GaAs) solutions and where 
the RF MEMS device plays an essential role (see �The 
Search for the Ideal Tuning Device� and �Linearity of 
RF MEMS Devices�). 

Making a Difference 
with RF MEMS 
A look at a cell phone front-end with multiple GSM, 
code division multiple access (CDMA), and data-
channels covering 800 MHz to 2,400 MHz, shows that 
a single silicon transceiver chip requires 16 different 
fixed filters or diplexers (Figure 2). These are imple-
mented using fixed surface acoustic wave (SAW) and 
bulk acoustic wave (BAW) filters and an RF distribu-
tion network. In fact, the passive part of a multiband 

cell phone or a defense radio occupies 65�80% of the 
RF board area, depending on the number of channels, 
with an RF loss of 3�6 dB between the silicon chip and 
the antenna(s) [18], [19]. It is therefore imperative to 
combine several of these filters into single units using 
tunable filters and antennas (Figure 3). Reconfigurable 
impedance matching networks can also be placed 
between the power amplifiers and the antenna. This 
not only tunes the time-varying antenna impedance, 
but also allows one or two GaAs amplifiers to cover 
all the required frequencies [20]�[24]. RF MEMS, with 
their small size,  simple circuit model and zero power 
consumption makes it possible to build complicated 
tuning networks inside high-Q resonators, matching 
networks, or antennas without loss of performance. 

A revisit of [1] and [2] leads to several known 
strengths for RF MEMS:  

Extremely low loss 1) 1, 0.120.2 dB 2 , low on-
resistance (0.522 V for metal-contact devices, 
0.120.2 V for capacitive devices), low off-state 
capacitance (2�16 fF), very high isolation up to 
mm-wave frequencies, and near zero-power 
consumption for electrostatic and PZT-based 
switches and varactors.  
Very high linearity: For identical input pow-2) 
ers, RF MEMS are 20�50 dB better than GaAs 
or CMOS devices, especially when compared to 
varactors.
Very high 3) Q: A device resistance of 0.122 V 
results in a Q greater than 50�400 at 2�100 GHz. 
This is essential for tunable filters and reconfigu-
rable networks.
Can be designed to handle large RF voltage 4) 
swings 1.30250 Vrms 2 , or better yet, can be 
designed to be a three or four-terminal device 
where the RF terminals are independent from 
the dc actuation pads [3], [5].
High power handling of 1�10 Watts for both 5) 
capacitive and metal-contact switches and varac-
tors (with proper design) [5], [25]. 

On the other side, RF MEMS also has some concerns, 
and they are:

Hermetic packaging: All reliable RF MEMS 1) 
switches require a hermetic package which tends 
to increase cost. A hermetic wafer-cap is been 
developed by several companies and labs which 
will greatly reduce the packaging cost [26].
High voltage drive: Most reliable RF MEMS 2) 
switches operate at 25�90 V, and therefore require 
high-voltage drive circuits. 
Reliability: Research on reliability is a very high 3) 
priority, and better dielectrics, metal-contacts, 
actuator design and packaging are all  contributing 
to vastly improved reliability results (see �Linear-
ity of RF MEMS Devices�).

Figure 4 presents the insertion loss for 5% band-
width filter with 2 and 3 poles. It is evident that a Q 

Figure 1. Photographs of RF MEMS devices (composite 
photo of ten different devices). 
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