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Abstract: Problem statement: RF MEMS switch is one of MEMS area that createsais that have
great potential to improve the performance of comication circuits and systems and enables the
realization of micro size mechanical switches endleeldin electronics devices. The low voltage
switches are necessary due to their compatibilitgtandard IC technology in RF application and
microelectronics systems. In realizing MEMS switléth low actuation voltage, spring constant of
beam must be reduced. Design and simulation ofoitagg RF MEMS shunt switches with regards to
the pull in voltage were presentedpproach: Design and simulation had been done by using
commercial simulation package, CoventorWare 20@¥ve&l switches were designed with different
meander spring beams to obtain lower voltage donmtusing Architect Module in CoventorWare
2006. Results: Results verified with Finite Element Method (FEMNhd simple mathematical
modeling. Each design gave different voltage aiinat The lowest actuation voltage simulated was
1.9 V. Average difference of simulated and calmdatvalues was about 16%his is because no
fringing field was included in calculation. Finildement Method (FEM) analysis was done for switch
C. Results showed that lower voltage can be obdaimeusing serpentine spring which lowers the
spring constant and pull-in voltage as well. Thedo pull-in time was primarily due to its very stnal
dimensions and masSonclusion: Low-voltage capacitive shunt RF MEMS switches weesigned
and simulated. These switches had actuation vatafjgé.9-7.0 V depending on the serpentine design.
The other performance particularly switch C hadui-ip time of 15 p sec after a voltage of 0-20 V
was applied and the resonant frequency is 3153.1 Hz
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INTRODUCTION and flow sensors, micro-optics, optical scanndrsd f
pumps and RF applicatidfls
Micro-Electro-Mechanical Systems (MEMS) are RF MEMS is one of the MEMS technology areas
integrated micro devices or systems that combing¢hat have very high demanding applications paridyl
electrical and mechanical components and make use m wireless and satellite communication systems.
the advantages of both solid-state and electrommézla MEMS technology enables the realization of RF
systems. They are fabricated using Integrated Eircupassive components with the benefits of low loss,
(IC) batch processing techniques and can rangézén s small size, low power consumption, high quality
from micrometers to millimeters. The electronictpare  factors, high tunable characteristics and highdiitg
fabricated using standard IC processing while thecompared with conventional semiconductor based
micromechanical components are fabricated usingassive. An RF MEMS device includes a MEMS
compatible micromachining procesSesMany MEMS  variable capacitor, MEMS tunable inductors, phase
devices use silicon as their basic material and thehifters, resonators and RF MEMS switches. The most
technology is derived largely from advances incsii ~ widely investigated RF MEMS device is the
processing. MEMS is an enabling technology andectirr  electrostatic switch, consisting of a thin metallic
applications include accelerometers, pressure, iclaém cantilever, Air Bridge, diaphragm, or some other

Corresponding Author: Haslina Jaafar, Collaborative Microelectronic Deskgxcellence Centre, University Sains Malaysia,
Engineering Campus, 14300 Nibong Tebal, Pulau Bindalaysia
Tel: +604-5995805 Fax: +604-5930920
655



Am. J. Engg. & Applied i, 2 (4): 655-660, 2009

structure that when pulled down to a bottom elel#ro Coplanar Waveguide (CPW) and fixed at both ends to
shorts, opens or loads an RF transmissioffline the ground conductor by anchors. The center eléetro
MEMS switches exhibit better performance provides electrostatic actuation and RF capacitance
compared to conventional semiconductor devicesbetween the transmission line and the ground. Winen
MEMS switches have low resistive loss, negligible switch is in the up-state, it provides low capauita
power consumption, good isolation and high powerand will not affect the signal on the transmissime.
handling capability compared with semiconductorHowever, when a voltage is applied between the beam
switches. Due to the excellent performance atand the electrode, an electrostatic force will eaisthe
microwave to mm-wave frequencies compared to otheplates of capacitor. The developed electrostaticefo
types of switches such as GaAs-based FET, pHEMT caind high capacitance attract the beam toward Ke fi
PIN-diode switchéd, MEMS switches have been ground plane so that the membrane will deflect
attracting much interest in research and developmendownwards by decreasing the gap height and incrgasi
However, one of the major disadvantages is a lowthe electrostatic pressure on the membrane. The
switching speed which is much slower than currentmembrane will pull down towards the center conducto
solid-state switchéd, with a certain pull-down voltage and will produdeos
Mechanical microwave switches were first circuit.
demonstrated in 1979 using the bulk-micro machined  The switch is built on 25@m thick-layer silicon
cantilevel. This type of switch is fabricated on silicon substrates. The transmission line is fabricatedaon
with an electrostatic movable cantilever membrase asilicon layer with Ium Aluminum. On top of the center
the switching component. It is also small and comsdi  electrode is a thin film silicon nitride which ised as
low power. Since then, many different types ofthe dielectric layer. The metallic switch membrane
capacitive MEMS switches have been repdtiéd consists of a thin Gold with 1.5m thickness. The
MEMS switches are devices that operate based ofembrane is suspended 2i6n above the center
mechanical movement to achieve a short circuitror aconductor. The transmission line metal connectthéo
open circuit in the RF transmission line. The aptua  €lectrode and the dielectrics materials to form the
mechanisms to obtain the required forces for thdhrough path of a shunt switch. Figure 1 showsstte
mechanical movement in MEMS switches includeView and the top view of the shunt switch. The
electrostatic, electromagnetic, magnetic, piezaetec transmission gap and width are shown by G and W
and thermal. However, the electrostatic actuatiof€Spectively. The G/W/G of the transmission line is
mechanism is the most common method used becau$9/100/60um. The suspended metal membrane spans
of its low consumptioA. the two coplanar ground Ilnes_yv!th perforations of
There are two types of MEMS switches that can p@bout 4um to remove the sacrificial layer from the

developed: The series switch and the shunt swichbnt ~Mmeémbrane.  This  sacrificial layer is removed
switches are designed for applications at 10-10¢.GH Mechanically so that the membrane suspended and can
On the other hand, series switches are designddanit MOV€ up and down onto the lower electrode in respon
low ohmic contact for the lower Gigahertz rangeisTh to applied electrostatic forces.

study will focus on the development of capacitive
MEMS shunt switches with low voltage for RF
applications. This study will also cover the design

simulations and the characterization of the 'G_"T’l G
performances of the devices. Simulation is impdrtan SilbsiEE
predict the behavior of the devices. The pull-ittage @)

will be simulated with the CoventorWare 2006 softeva

package using the Architect solver. Other perfortean | CPW
characteristics to be simulated will be the switchi G I
speed and the resonant frequency. The values of FEM [
analyses and the analytical method will be compared | WI

for verification.

Dielectric MEMS bridge
Au

| - | | W
MEMS switches principless MEMS switches operate )

based on mechanical movement to achieve on and off
states. The shunt switch consists of a thin metaFig. 1: (a) Side view (b) top view of RF MEMS shunt
membrane suspended over the center conductor of a switch
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Low voltage MEM S switches: A low voltage MEMS For these serpentine beam designs, theak be
switch is a desirable switch attribute because it w calculated by Eq.'3:
make it more convenient for a switch to be embedded

into real applicatiodd. The pull-in voltage depends on o2 1
the spring constant of the switch in the z-diratti€, K, {(BN a)+ 2NY + abN 3o+ ( 2N+ J( 4n ) 4
&, which is the permittivity of air, the gap betwettre 3B, 3G J
membrane and the signal ling @nd the actuation area, 2 T
A, as given in Eq. 1: Na’ Km}(z’\‘ﬂ)b} 2)
El, Gl | NP (i+_b]
[ar o 3 a b 2 |Gl E|
vpull—in = 82};%00 (1) 2( El, ¥ GJ] |
From the pull-in Eg. 1, the actuation voltage ban The Eq. 2 shows the, las the z-directed spring
lowered by reducing the,gincreasing the actuation constant for each one of the springs. Hence, if the
area A, or reducing the spring constant, K switch is connected to the ground through four
serpentine springs as shown in Fig. 2, which aeg tis
MATERIALSAND METHODS lower the switch spring constant, the total swiphing

constant K is given by Eq. §':
Many researches on MEMS switches have been
done to achieve the low actuation voltage for ktJetteKZ=4kZ 3)
performances. For instance, the low-voltage MEMS
capacitive shunt switéh is done by using 1-5

meanders membrane support structures. The MEM In_realizing the low actu_ation RF MEMS switche_s,
switches have the pull-down voltages as low as 6 \our different designs of switches A, B, C and Difwi
with gap height of 3-5m. different meander types and numbers were built to

In this study, we focus on designing of a low apalyze the performance of each type as shown in

actuation voltage of MEMS switches by reducing theFig. 3a-d. _ . _
Spring constant as the method. Serpentine beam or The detailed dimensions and material constants for

meander type beam is designed to achieve the lowdhe design particularly switch C are shown in Table
spring constant. Adding more meanders canThe dimensions are used for most of the switches
significantly lower the spring constant without except dimension of a for switch A and B is 24 umd a
excessively increasing the required sfaceas b is 25 pum for switch D. Materials such as silicon
miniaturization is necessary for a device to benitride is used as the dielectric layer as it idely used
embedded in RF applications. as an insulating layer due to its low thermal
Figure 2 shows the design of serpentine spring fotonductivity while Gold is used as the bridge
the membrane to lower the spring constant. Thenembrane. Gold is a good material for a membrane
serpentine beam has a primary meander length of gayer as it minimizes thermal absorption and can
secondary meander length of b, width of w andcompensate the residual stress to obtain flat sk

thickness of t. structure¥!.
# - Table 1: I?hysmal dimensions and material constérgwitch C in
Fig. 3
f‘ Primary meander length (a) 14 pum
b w Secondary meander length (b) 96 um
> le— Switch thickness (t) 1.5um
Beam width (both beams) (w) 4 um
Gold Young's modulus (E) 57 GPa
Gold Poisson’s ration (v) 0.35
Sheer modulus (G) E/{2(1+v)}
— — x-axis moment of inertia () wt¥/12
z-axis moment of inertia )l tw¥/12
Polar moment of inertiad)l I+ 1,
Torsion constant (J) 0.413 |

Fig. 2: Serpentine spring design
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Fig. 3: Layout of RF MEMS switches with different

Cl
"
I

spring/meander types (a) switch A (b) switch B

(c) switch C (d) switch D

—3u

9.0 10.0

70 30

20 3.0 40 50 6.0
Voltage (v)

1.0

0.0

RESULTS

(d)

The simulated pull-in voltage results for all the

designs are shown in Fig. 4. The lowest voltagainbtl
is for Switch C which is 1.9 V. The average eliéint of

Fig. 4(a-d): Simulated pull-in voltage for all dgss by

architect CoventorWare 2006
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Table 2: Results of pull-in voltage for all designs Graph 0 P
Pull-in voltage (V) Pull-in voltage (V) i Tip z
Design (by simulation) (by calculation) s 00— a0 s gx'\:tf\ﬁl o
Switch A 338 4.954 ' e i g
Switch B 25 2.932 15.0{ —5009
Switch C 1.9 2.076 % 105
Switch D 7.0 6.572 i T
10.0(E
| -1y fo‘.OBJu.l.POLP_\
Table 3: Contact voltage of FEM analysis at ran§.6-2.8 V of ’ /' I———
switch C sa ||/
Pull-in voltage  Pull-in voltage P Y R
Voltage factor high factor low A i
N N 0.0 —
Pull-in/lift-off 1 2.8E00 2.6E00 I
0.0 30u 100u 130u 200u 250u 300u 350u 400u 450u 300u 330u
Time (sec)
= MinZ
= N Fig. 6: Pull-in time of the MEMS switch
=S
| - &
“ 5 Graph 0 (dBm): 1(Hz)
_ ~140.0 dBy(tip-z)
L g locpt: (3153.1,-158.1
il ‘ ~160.0 il
N |
£ \
= \ = -180.0
‘. ? 3
‘ =
\
| ~200.0
o ‘1
| \ -220.0
i i )
0 1 2 3 ~240.0 .
voltage 1.0k 10.0k 100.0k
f(Hz)
Fig. 5: Result of FEM analysis of pull-in voltagé o )
Switch C Fig. 7: Resonant frequency of the MEMS switch

simulated and calculated values is about 16%. Ehis 'espectively. The resonant frequency of Switch C is

because no fringing field is included in calculatidhe ~ 3153.1 Hz. The resonant frequency depends inversely
other pull-in voltages which were simulated for tak  ©n the beam length and can be increased indepéyndent

designs are shown in Table 2. by increasing beam thickn&&sPull-in time is the time

As verification and for comparison with the taken to touch the dielectric underneath the bridge
Architect results and calculations, FEM analysijgs F'om Fig. 6, the pull-in time is about 15psec afier
Analyzer's CoSolve was done and Fig. 5 shows th&oltage of 0-20 V is applied.
results of the FEM simulation of Switch C. The ang

increasing voltage ramp is applied to observe ffecte DISCUSSION
on the switch while the release voltage is obsebyed
linearly decreasing voltage ramp. The results skowe Four switch designs A, B, C and D with different

slight increase of pull-in voltage which is in ttenge of types and number of meanders were designed and
2.6-2.8 V for Switch C. Table 3 described the aitma simulated. The results show that the low actuation
voltage result for the contact and release voltdgethis  obtained as low as 1.9 V. The simulation was done
case, contact occurs between 2.6 and 2.8 V. Rewnni using the Architect solver for system-level simigat
the simulation with smaller steps and meshes wowiel  and compared with the Finite Element Module (FEM)
more accurate results. For comparison, the Architecsimulation, CoSolve Analyzer and as well as thecaét
predicted a contact voltage of 1.9 V. calculations. The results showed that a lower gelta
The dynamic simulation takes into considerationcan be obtained using the serpentine spring which
resonant frequency and switching time. From thdowers the spring constant and the pull-in voltage
harmonic and transient analysis, the switchingdpe®l  well. The lower actuation voltage is desirable bs t
the resonant frequency results are shown ingFioqnd 7 lower  actuation  voltage describes better switch
659
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performances. More over, adding more meanders cah
significantly lower the spring constant as the stiC
gave the lowest voltage. For switch A, B, C andhe,
simulated results are slightly different with thetcal
calculation only with 1.154, 0.432, 0.176 and 0.428
respectively. The FEM result shows increment ofuabo
0.7 V. Finite Element Method (FEM) simulation cas b S.
more accurate if we run with smaller mesh and steps
The dynamic analyses done were the frequency
response and the transient analysis. TheudBull-in
time was primarily due to its very small dimensi@msl
mass. The structure does not settle down by theoénd
the transient simulation since gas damping is not
modeled. The maximum switching rate is in fact ijea
equal to the resonance frequency for low-amplitude/-
deflections assuming there is no stiction and non-
hysteretic behavié¥.

CONCLUSION
8.

A low-voltage capacitive shunt RF MEMS switch
were designed and simulated. These switches have
actuation voltages of 1.9-7.0 V depending on the
serpentine design. The other performance partigular
switch C has a pull-in time of 15 psec after #age
of 0-20 V is applied and the resonant frequency isy
3153.1 Hz.

The development of capacitive MEMS shunt
switches is essential in order to solve technical
problems in the product development stage as wdlh a
enhance their performance. Development is importan
in terms of scientific contribution and possiblyr fo
commercialization purposes whetbe latter can be
beneficial for local players in the MEMS industry t
cater for the demand of MEMS switches in RF
applications. Several applications of the switctlude
switchable routing in RF system front-end, digital
capacitor bank and time-delay netwdlk

0.
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