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Abstract— In this papera low pull-in voltage capacitive
switchwithladdershapedbeam structureisdesignedand
stimulated.Theswitchisafreelymovingcantileverbeam
overacoplanarwaveguide(CPW).TheLaddershapedbeam
structureisusedheretoimprovetheisolation,insertionloss
andtoachievealowpull-involtage.Actuationisachievedby
usingelectrostaticmechanism becauseofitslow power
consumption,smallsizeandlessswitchingtime.Simulation
usingintellisuitesoftwareshowsthatthepull-involtageof
theswitchis7.5Vandthestressmisesisabout11.33MPa.
HFSSstimulationrevealsthattheinsertionlossisinthe
rangeof-0.63dBandtheup-statereturnlossisbetterthan-
15dBinthefrequencyrange10to50GHz. TheSwitch
offersadown-stateisolationof-42.66dBat40GHZ.

Keywords—RF-MEMS; Switch; pull-in voltage;
electrostaticactuation;CoplanarWaveguide.

I. INTRODUCTION

RFMEMSswitcheshavebecomeanimportantpartof
switching devices operating at high frequencies
becauseoflowpowerconsumption,veryhighisolation,
verylowinsertionlossthanPINdiodeorFETswitches
asdescribedby[1]ButthedisadvantageoftheseRF
MEMSswitchesisthattheyrequireahighactuation
voltageandhasalow powerhandlingcapabilitywith
low operating speed. The design is proposed to
achievealow actuationvoltagewithincreasedpower
handlingcapability.Italsogivesaveryhighisolation
withlowinsertionloss.

In this paperthe performance ofthe capacitive
switchwithsplittedbeam structureisanalyzedandits
simulationresultshavebeendiscussed.Thedesignof
theswitchwasdoneusingasplittedbeam structure
wherebothendoftheswitchisfixedtotheanchor.
Theadvantageofhavingasplittedbeam structureis
thatitreducesthespringconstantwithoutincreasing
thesizeandweightoftheswitch. InsectionIIthe
designoftheproposedswitchanditsspecificationsis
givenindetail. SectionIIIillustratesthefabrication
processinvolvedinthedesignoftheproposedswitch.
SectionIVdiscussesthestimulatedresults.

II. DESCRIPTIPONOFTHERFMEMSSWITCH

The switch is fixed to the anchorwith a
meanderbeam onbothsidesoverthecoplanar

waveguide.Theproposedbeam structureisshown
in Fig.1. This ladder shaped beam structure
providesalowerspringconstantwithoutincreasing
the size and weightofthe device.The spring
constantK canbedeterminedbycombiningthe
springconstantofeachpartofthebeam.Spring
constantofthe meandered beam is given by
equation(1)anddescribedby[2]

.(i)Geometryoftheladder
Beam

(ii)Frontview

Fig.1ProposedStructureoftheSwitchwithLadderbeam
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k=

(1)

WhereListhesecondarymeanderlength,Sis
the primary meanderlength;E is the young’s
modulusofthematerial,G isthesheermodulus
and is given by G=E/2(1+v) where V is the
Poisson’sratioofthematerialofswitch,Ix isthe
momentofinertiaalongX-axisandisgivenbyIx=
wt3/12,wereW isthethicknessofthebeam,tis
theswitchthickness.Jistorsionconstantandis
givenbyJ=0.413Ip,whereIp=Ix+IzandIz=tw3/12.

Non-meanderspringconstantasexplainedby
[5]isgivenbyequation(2).

Thetotalspringconstantcanbecalculatedby
combining these spring constant equations.The
dimensionsoftheproposedswitcharegivenintable1.
Theswitchismadeonhighresistivesiliconsubstrate.
CPW andthebeam aremadeofhighlyconductive
metalaluminium.

Theswitchisactuatedwhenavoltageisapplied
betweenthe beam andthesignallinePull-involtage
canbereducedbyminimizingspringconstantK,air
gap and increasing the actuation area The pull-in
voltagecanbecalculatedusingtheequation(2).

(2)

Wherekisthespringconstantofthe beam,z0 is
theinitialgapheightbetweenthebeam andthesignal
line,Ɛ0isthepermittivityofair,8.854×10-12F/m andA
istheareaofthebeam namelythewidth(w)andthe
length(l)w×l.

Table1:ParametersandDimensionsoftheproposedswitch

Sl.No. Parameters Dimensions

1 Beam Thickness 1

2 Beam Length 345

3 Beam Width 200

4 Beam Height 350

5 GapHeight 1

6 Area 100

7 ElectrodeThickness 1

8 DielectricThickness 0.5

9 CPW 100/80/100

III. SIMULATEDRESULTSANDDISCUSSIONS

A.DCsimulations

DC simulationisdoneusingintellisuitesoftware.
Pull-involtage,charge,capacitance,electrostaticforce
fortheswitchisstudiedunderDCsimulations.

Fig.2 showsthesimulated resultsofthepull-in

voltagewith displacementand theapplied voltage.
Theactuationvoltagewasappliedintherangeof0to
12V.Simulated resultshows thatthe switch was
actuated ata pull-in voltage ofabout7.5 V.The
displacementandthestressanalysisoftheswitch
withtheappliedvoltageareshowninfig.3andfig.4.
Theswitchhadadisplacementof0.24µm andthe
maximum stresswas11.33MPa.

Fig.2ProposedStructureoftheSwitchwithLadderbeam

Fig.3Displacementanalysis

Fig.4Stressanalysis

B.RFsimulations

RF simulations are done using HFSS software.
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Insertion loss S11 and isolation S21 are two most
importantparameters thatsignify performance of
switch.Figure3showsthedesignofswitchinHFSS.
Up-state capacitance and down-state capacitance
solelydeterminesthevalueofS11andS21.Fig.6shows
theinsertionlossS21intheONstatewhichisobserved
tobe-0.63dB,atafrequencyrangefrom 10to50GHz.
Theisolation(S21)ismeasuredwhentheswitchisin
OFFstateandisobservedtobe-42.66dBfrom 5to40
GHz.The reflection co-efficient(S11)parameteris
observedtobe-15.44dBfrom 10to50GHz.

Fig.5InsertionLoss

Fig.6Isolation

Fig.7ReflectionCoefficient

IV. CONCLUSION

A capacitive RF MEMS switch with split beam
structurehasbeendesigned,virtuallyfabricatedand
simulated. Splitbeam structurewassuccessfulfor
achievinglow stressandhighspringconstant. The

switchexhibitedaninsertionlossof-0.63from 10to
50GHz.Theisolationoftheswitchwasfoundtobe-
42.66from 5to40GHz. Thepull-involtageofthe
switchwaslessthan7.5V. Themaximum stress
Missesunderactuationconditionwas11.33MPa,with
amaximum displacementof0.24µm.Theresultsof
thisproposedswitchmakesitsuitableforwireless
applications.
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