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Abstract. MEMS switches are of significant interest for advanced radioelectronic systems.
High RF performance combined with small size and low power consumption make them
promising for use in phased array antennas, wireless communication devices and navigation
systems. This paper presents a resistive switch based on a cantilever with three elastic elements.
The pull-in voltage and contact resistance are measured, and the results are compared with the
calculated values. The switch provides lower resistance than previous devices.
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KomnaktHbin MODMC-nepekniouaresib HAa OCHOBe KaHTUJ1IeBepa
C TpeMs yNnpyrumMmu 3jieMeHTaMu
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AnHoranug. MOMC-nepekaouaTead TMPeaCTaBAsIOT 3HAYUTEJbHBIM  UMHTEpec s
MEPCIIEKTUBHBIX PaIVO3JIEKTPOHHBIX crcTeM. Bricoknme CBY xapakTepUCTUKHM B COYETAHUU
C MajJbIM pa3sMepoM M HHU3KHUM SHEProNOTPEONICHUEM [eJIaloT WX IePCICKTUBHBIMM IS
HCITOJIb30BaHMUs B (pa3MUpOBAHHBIX AaHTEHHBIX PEIIEeTKaX, YCTPONCTBAX OECIIPOBOIHON CBSI3N U
HaBUTALIMOHHBIX cucTeMaXx. B paboTe mpencraBieH pe3UMCTUBHBINA MepeKIouyaTe/ib Ha OCHOBE
KaHTWIeBepa ¢ TpeMs YIOpYyrMMU 3jeMeHTamu. M3aMepeHo ero HampsbkeHue cpabaTbIBaHUS
M KOHTAaKTHOE CONPOTUBJICHUE, PE3YJbTaThl COMOCTABICHBI C PACUCTHBIMU 3HAYCHUSIMU.
ITpomeMOHCTPUPOBAHO CHMKEHWE KOHTAKTHOTO COIPOTHBJICHUS IO CpPaBHEHHMIO C paHee
CO3JaHHBIMU TIEPEKITIOYATEIIIMH.

KmoueBbie caoBa: MOMC-nepekiaouaTesib, KaHTUJIEBEP, HamNpsikeHWe cpadaTbiBaHUS,
KOHTaKTHOE€ COIIPOTHBJIEHNE, KOHTAKTHOE YCUJIUE
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Introduction

Switches fabricated using microelectromechanical systems (MEMS) technology are actively
considered as a new element base for microwave devices [1]. Small size, high isolation, low inser-
tion loss and power consumption make them attractive for wireless communication and radar
systems. MEMS switches use various operating principles, among which electrostatic one is the
most common [2]. A conventional MEMS switch contains a cantilever suspended above driving
and signal electrodes. Applying voltage to the driving electrode creates an electrostatic force that
bends the cantilever and brings it in contact with the signal electrode. When the voltage is turned
off, the cantilever returns to initial position under the elastic force. Electrostatic MEMS switches
are fabricated using microelectronic technologies and can be integrated with CMOS circuits,
enabling the development of advanced microwave devices [3].

The implementation of MEMS switches in microwave technology is hampered by their poor
reliability. Micron-sized switches develop weak contact force, which does not allow achieving low
and stable contact resistance. The force is usually increased by using large and complex-shaped
electrodes. However, a compact and simple design is more preferable. In this paper, a miniature
MEMS switch based on a cantilever with three elastic elements is presented. The shape and
dimensions of the electrodes are specially selected to increase the contact and restoring forces,
while the moving part remains small [4]. The pull-in voltage and contact resistance of the switch
are measured. Experimental data are compared with calculation results. Reduced resistance in
comparison to previously created devices is demonstrated.

Materials and Methods

The switch is shown schematically in Fig. 1, a. The movable electrode is 50 pm long and
60 um wide aluminum cantilever (Fig. 1, o). It has three elastic elements, each 10 pm wide. The
driving electrode surrounds the signal one in order to increase the area of electric field. The can-
tilever is 3.6 pm thick and has two 0.3 um high contact bumps. The gap between the cantilever
and the electrodes is of 1 um. The natural frequency of the cantilever is of 750 kHz. It provides
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Fig. 1. MEMS switch based on a cantilever with three elastic elements:
3D image (a); top view and cross section (b), dimensions are given in micrometers
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the actuation time of 0.7 us at a driving voltage of 90 V. The calculated pull-in voltage is of 85 V.
The switch is fabricated on a thermally oxidized silicon wafer with a diameter of 100 mm using
standard microelectronics techniques. The fabrication procedure is described in detail in the
work [5]. The contact material is ruthenium.

The switches are tested under laboratory conditions without packaging. The testing is carried
out in the cold switching mode, in which mechanical contact is first made and then the switching
signal is applied. The switching signal is a constant voltage of 5 V, while the switching current is
about 90 mA and is limited by a load resistance of 50 Q. The actuation frequency is of 7 Hz. The
contact resistance is calculated at each switching cycle using a resistive divider. The calculation is
performed automatically by LabView software.

Results and discussion

The average measured pull-in voltage is of 69 V, which is 18% lower than the calculated
value. The reason for the discrepancy is the bending of the cantilever under internal mechanical
stress. Due to the short cantilever length, this bending results only in a small change in the gap
of 0.1 um, which does not lead to the switch failure.

The dependence of the contact resistance on the number of switching cycles for five sam-
ples is shown in Fig. 2, a. During the first 5,000 cycles, the switches demonstrate the resistance
of 4—5 Q. Then it varies from 4 to 8 Q. Probably, the increase in resistance is explained by the
formation of friction polymers on the surface of ruthenium contacts [6]. For the same reason,
the resistance behaves unstable, increasing and decreasing several times during the test. Most of
the samples withstood less than 100 thousand cycles and failed due to a short circuit between the
driving electrode and the cantilever. A sharp increase in contact resistance above 10 Q is observed
before failure (samples 1, 3—5). The reason for this phenomenon is being investigated.

Fig. 2, b shows the test results for three types of switches: a device based on a cantilever with
three elastic elements (green curve), a previously developed switch with two elastic elements (red
curve) [7] and a switch with an active opening mechanism (blue curve) [8]. All three devices are
fabricated using similar technology. A MEMS switch based on a cantilever with three elastic ele-
ments demonstrates the lowest contact resistance due to increased contact force.
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Fig. 2. Dependence of contact resistance on the number of switching cycles:
for five switches with three elastic elements (a); for switches of three types (b)

Conclusion

The paper presents an electrostatic MEMS switch based on a compact aluminum cantilever
with a length of 50 um. The design of the switch provides maximum contact and restoring forces
at small dimensions of the moving part. The pull-in voltage is of 69 V on average, which is 18%
lower than the calculated value due to the bending of the cantilever under internal mechanical
stress. The contact resistance is of 4—5 Q for 5 thousand switching operations. Then it increases
to 7—8 Q and becomes unstable due to contamination of the contacts. However, the presented
switch has significantly less resistance compared to previous developments of the authors.
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