
TECHNICAL PAPER

Design of MEMS switch for RF applications

N. J. R. Muniraj • K. Sathesh

Received: 21 August 2010 / Accepted: 20 December 2010 / Published online: 1 January 2011

� Springer-Verlag 2010

Abstract Components like passive electronically scan-

ned (sub) arrays, T/R modules, reconfigurable antennas

etc., in RF applications are in need of MEMS switches for

its re-configurability and polarization. This paper presents

the analysis, design and simulation of a MEMS switch. The

switch proposed in this paper is intended to work in the

frequency range of 4–8 GHz. The proposed switch fulfills

the switching characteristics concerning the five require-

ments loss, linearity, high switching speed, small size/

power consumption, low pull down voltage following a

relatively simple design, which ensures reliability, robust-

ness and high fabrication yield. The switch implemented in

this paper is based on the integration mode of operation and

widely used in RF applications.

1 Introduction

Technological advances in radio-frequency (RF) front-ends

made all the things to work under RF applications. Great

effort is made in developing high frequency–low scale

designs to follow the trends of the market for smaller,

technologically more advanced applications. In the fre-

quency range between 4 and 8 GHz in which we intend to

work at, there are three kinds of switches that can be used

for multiple element reconfigurable microstrip antenna

implementations (Cetiner et al. 2004). They are pin diodes,

GaAs FETs and RF MEMS. Comparing the performance in

terms of isolation, insertion loss, linearity and switching

speed RF MEMS excels in all these categories. The elec-

trostatic RF MEMS switches are divided in two main

categories, capacitive and Ohmic (also referred to as direct

or resistive contact, respectively). Capacitive RF MEMS

switches operate on frequencies beyond 4 GHz due to the

low dielectric constants of the insulating layers which are

available today. This makes them inappropriate for the

frequency range we intend to work. The design of RF

MEMS switches could be implemented either based on the

hybrid mode or integration mode. In general, the cost of a

single RF MEMS switch is very low and thanks to the

similar to VLSI design and batch processing methodology

and tools. In addition to that, there are real estate problems

due to the relatively great size of the packaging and the

large number of the switches which have to be used for the

complete antenna configuration (Pringle et al. 2004). Using

the integrated mode we eliminate problems regarding cost,

since the fabrication process needs only one packaging

procedure for the whole application, real estate problems,

due to the small size of the RF MEMS switches without the

packaging cells and matching as the switches are parts of

the microstrip antenna structure (McKillop et al. 2006).

2 Structure design

The presented MEMS switch is intended to be used to

control a microstrip antenna array built on PCB (Chang

et al. 2005). The advantage of these types of antennas is the

ability to beam forming according to the requirements of

any application. The following considerations are to taken

into account while designing the structure:
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1. very low insertion loss in the ‘‘ON’’ condition;

2. very high isolation in the ‘‘OFF’’ condition;

3. good linearity over a wide frequency range.

In addition, the structure of the switch should be as

simple as possible, to reduce the possibility of failure

during the manufacturing process, maintaining high yield.

3 The MEMS switch

The MEMS switch is shown in Fig. 1. The design is using

two different materials, i.e., gold for the actuator and the

conducting regions and silicon nitrate for the insulator.

The actuator designed here reduces the design com-

plexity. Examining the trade-offs of each one of them, it

has been decided that Gold was the most appropriate

material for the following reasons:

1. The conductivity of Gold (Au) is better than Alumi-

num (Al) and better conductivity implies less skin

depth, which is an important parameter for the lossless

RF signal transmission via the cantilever. (0.452.106/

cm for Au, 0.377.106/cm for Al, and 0.596.106/cm for

Cu).

2. The Young’s modulus of Au is similar to that of Al and

much smaller than that of Cu. Consequently, the

stiffness of the cantilever made by Au will be lower

fulfilling the requirement for lower pull down voltages

of the cantilever (Scardelletti et al. 2008). The pull

down voltage of the switch must be as low as possible

and it depends on the dimensions of the cantilever

(length and height), the distance from the electrode and

the stiffness of the gold. The stiffness in turn mainly

depends on the shape of the cantilever and the

existence of perforation. The contact area of the

switch had to be kept relatively small to maintain high

isolation during the OFF state, in the highest operating

frequency (Spasos et al. 2009). Simultaneously, it

should be large enough to provide good conductance in

the ON state. In addition contact pads are provided at

the contact position to improve the operation of the RF

MEMS switch which is shown in the Fig. 2. This

contact pads improves the contact efficiency and

reduces distortions produced during the switching

operations (Zhang et al. 2006).

The Actuator which is present above the silicon sub-

strate also helps in reducing the pull down voltage which is

applied to the cantilever beam.

4 Simulation results

The design and evaluation of the proposed RFMEMS

switch has been carried out using the Intellisuite Software

package. A 3D view of the new design, produced in the 3D

Builder, with the switch in deformed shape is shown in the

Fig. 3.

5 Conclusion

The RF MEMS Switch is designed and analyzed using

various modules in Intellisuite 8.5. The displacement resultFig. 1 RF MEMS switch

Fig. 2 Contact pads

Fig. 3 RF switch deformed shape
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shows that RF MEMS Switch enjoys various features like

low pull down voltage and high switching speed. This

shows that the designed switch can be used for many RF

Applications like passive electronically scanned (sub)

arrays, T/R modules, reconfigurable antennas, GPS etc.

References

Cetiner BA, Jafarkhani H, Jiang-Yuan Qian, Hui Jae Yoo, Grau A, De

Flaviis F (2004) Multifunctional reconfigurable MEMS inte-

grated antennas for adaptive MIMO systems. IEEE Commun

Mag 42(12):62–70

Chang HP, Qian JY, Cetiner BA, De Flaviis F, Bachman M, Li GP

(2005) Design and process considerations for fabricating RF

MEMS switches on printed circuit boards. J Microelectromech

Syst 14(6):1311–1322

Scardelletti MC, Zorman CA, Oldham DR, NASA Glenn Res Center,

Cleveland, OH (2008) RF MEMS switches with sic micro

bridges for improved reliability, Antennas and propagation

society international symposium, 5–11 July,IEEE, pp 1–4

McKillop J, Fowler T, Goins D, Nelson R (2006) Design, perfor-

mance and qualification of a commercially available MEMS

switch, 36th European microwave conference, September,

pp 1399–1401

Pringle LN, Harms PH, Blalock SP, Kiesel GN, Kuster EJ, Friederich

PG, Prado RJ, Morris JM, Smith GS (2004) A reconfigurable

aperture antenna based on switched links between electrically

small metallic patches. IEEE Trans Antennas Propag

52(6):1434–1445

Spasos M, Charalampidis N, Mallios N, Kampitaki D, Tsiakmakis K,

Tsivos Soel P, Nilavalan R (2009) On the design of ohmic RF

MEMS switch for reconfigurable antenna applications. J Trans

Commun 8(1)

Zhang QX, Yu AB, Guo LH, Kumar R, Teoh KW, Liu AQ, Lo GQ,

Kwong D-L (2006) RF MEMS switch integrated on printed

circuit board with metallic membrane first sequence and

transferring. IEEE Electron Device Lett 27(7):552–554

Microsyst Technol (2011) 17:161–163 163

123


	Design of MEMS switch for RF applications
	Abstract
	Introduction
	Structure design
	The MEMS switch
	Simulation results
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


