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Abstract. MEMS switches are promising candidates for use in advanced radioelectronic sys-
tems. High RF performance combined with small size and low power consumption make them
attractive for phased array antennas, aviation and space equipment. This work presents a switch
based on a tiny cantilever with a length of 50 um. Its working characteristics are compared with
the calculation results. The advantages of the switch in comparison with previously developed
products are demonstrated.
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Annoramua. MOMC-nepexiiouarend MOPeACTaBASIOT 3HAUYUTENbHBI MHTEpeC s
MEePCHEKTUBHBIX PAaTUO3JIEKTPOHHBIX cucTeM. Boicokne CBY xapakTepucTUKU B COUYETAHUU
C MajblM pa3MEpOM M HU3KUM BSHEPrONOTPEOJICHUEM NeNaloT WX TMPUBICKATEIbHBIMU JUTS
HCTIOJNIb30BaHUsSI B (pa3MpoOBaHHBIX AHTEHHBIX peIlIeTKaX, aBUAIMOHHBIX W KOCMHMYECKMX
paguocuctemax. B 3Toif pabote mpeAcTaBieH KJIIOY HA OCHOBE MUHUATIOPHOTO KAHTWJIEBEpPA
nnuHoi 50 MKM. BRIMONHEHO cpaBHEHHE €ro paboumx XapaKTepUCTUK C pe3yJbTaTaMU
pacueToB. [IposeMoOHCTpUPOBAaHbBI JOCTOMHCTBA KJIOYa B CPABHEHUM C PaHEE CO3JAaHHBIMU
U3ICTUSIMU.

KmoueBbie ciaoBa: MOMC-mepekiouaTesb, paguoIOKallns, KaHTUJIEBEpP, KOHTAKTHOE
COIIPOTUBIIEHUE, HAIIPsSKeHUE cpabaThbIBaHUSI

®@uuancupoBanue: PabGota BbimosHeHa B pamkax [ocyaapcTBEHHOTO — 3ajaHuUs
OTUAH um. K.A. Banuea PAH Mwuno6puayku P® mo teme Noe FFNN-2022-0017 mpu

© Belozerov [.A., Uvarov 1.V., 2024. Published by Peter the Great St. Petersburg Polytechnic University.

178



4 Physical electronics

(uHaHcoBoil momaepxke rpaHta ®onma copeiictBusi mHHOBauusIM Ne 7TYIIKDC18/91740
C Hucrnojb30oBaHMEM oOopynoBaHusl LleHTpa KOJJIEKTUBHOIO I10Jb30BaHUs «IMarHocTuka
MMKPO- ¥ HAHOCTPYKTYD».

Ccpuika npu murupoBanum: benozepoB M.A., YBapoB UN.B. KommaktHbiit MBOMC-
MepeKyIoYaTe/Ib Uil MePCHeKTUBHBIX PaAvOJIOKALIMOHHBIX cucTeM // HayyHo-TexHHuYecKue
Benomoct CIIOITIY. ®dusnko-marematnueckue Haykm. 2024. T. 17. Ne 3.1. C. 178—18l.
DOI: https://doi.org/10.18721/JPM.173.135

CraTbsl OTKPHITOTO AocCTyma, pacrmpoctpaHseMas mo juneH3uu CC BY-NC 4.0 (https://
creativecommons.org/licenses/by-nc/4.0/)

Introduction

Switches fabricated using microelectromechanical systems (MEMS) technology are actively
considered as a new element base for microwave devices [1]. They have lower insertion loss,
higher isolation and lower power consumption than solid-state switches, which is critical for
ultra-high frequency applications. These characteristics make them attractive for use in phased
array antennas [2], aviation and space radar systems [3]. A conventional MEMS switch contains
a cantilever suspended above the 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 its original position
under the elastic force. MEMS switches are fabricated using microelectronic techniques and can
be integrated with CMOS circuits.

MEMS switches have been developed since the 1990s, and the reliability of these devices
remains a major unresolved problem [1]. One of the main reasons of poor reliability is high and
unstable contact resistance. To solve this problem, the cantilever is replaced by complex structures
with extended lateral size, which increases the contact force and thereby reduces the resistance.
However, large size makes the switch sensitive to internal mechanical stresses, since even a small
stress gradient significantly changes the gap between the electrodes. In addition, switching speed
decreases, parasitic capacitance increases, and RF performance deteriorates. The complex shape
of the electrodes makes it difficult to integrate the switch into a coplanar transmission line.

A cantilever-based switch has several advantages. The simple design allows both series and shunt
configurations to be implemented. The small size of the device ensures resistivity to mechanical
stress and short switching time. This paper presents a compact cantilever-based MEMS switch.
Its pull-in voltage and contact resistance are measured. Experimental data are compared with
the calculation results, and the advantages of the switch in comparison with previously created
devices are revealed.

Materials and Methods

The switch is shown schematically in Figure 1, a. The movable electrode is an aluminum
cantilever with the length of 50 um, the width of 10 pum at the attachment sites and 40 pum at
the free end (Fig. 1, b). The driving electrode surrounds the signal one in order to increase the
area of electric field. The shape of the cantilever and electrodes was selected earlier to provide
the highest contact force for the given footprint of the device [4]. The cantilever is 3.6 pm thick,
and the contact bump height is of 0.5 um. The gap between the cantilever and the electrodes
is 1 um. The natural frequency of the cantilever is 750 kHz, and the actuation time at a driving
voltage of 90 V is 0.7 ps. The calculated pull-in voltage is of 85 V. More details on calculating
performance characteristics can be found in [5].

The switch is fabricated on a thermally oxidized silicon wafer with a diameter of 100 mm using
standard microelectronics techniques, namely photolithography, magnetron sputtering, plasma
and wet etching. The fabrication procedure of the switch is described in detail in [4]. The contacts
are made of ruthenium.

The switches are tested under standard 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 driving voltage is 90 V, while the switching signal is 1.5 V, and the
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Fig. 1. Cantilever-based MEMS switch: 3D image (a); top view and cross section
(dimensions are given in micrometers) (b)

actuation frequency is 7 Hz. At each switching cycle, the contact resistance is calculated using a
resistive divider. The calculation is performed automatically using LabView software.

Results and discussion

The measured pull-in voltage is 64 V in average, which is 25% lower than the calculated
value. The reason for the discrepancy is the bending of the cantilever under internal mechanical
stresses. Due to the short cantilever length, this bending results only in a small change in the
gap of 0.25 um, which does not lead to the switch failure. The pull-in voltage decreases with the
number of switching cycles and after 100 thousand cycles is on average 40 V. The voltage drop
explains by plastic deformation of the cantilever, leading to a reduction in the air gap [6].
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Fig. 2. Dependence of contact resistance on the number of switching cycles:
for five cantilever-based samples (a@); for a cantilever-based switch in comparison with a switch
developed by the authors earlier (b)

The dependence of the contact resistance on the number of switching cycles for five samples is
shown in Figure 2, a. During the first 10 thousand cycles, the switches demonstrate the resistance
of 10—15 Ohms. Then it increases to several tens and hundreds of Ohms. The growth of resistance
is explained by the formation of friction polymers on the surface of ruthenium contacts [7]. For
the same reason, the resistance is unstable, increasing and decreasing several times during the test.

Figure 2, b shows the comparative test of the proposed switch (red curve) and a switch with
an active opening mechanism, developed by the authors earlier [8] (blue curve). Both devices are
fabricated using the technology described above, but the cantilever-based switch has 1—2 orders
of magnitude lower resistance. The probable reason is the higher impact force of the cantilever
that helps to break the contamination film on the contact surfaces.
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Conclusion

This paper presents an electrostatic-type MEMS switch based on a compact aluminum
cantilever. Its pull-in voltage is 64 V on average and is 25% lower than the calculated value
due to cantilever bending under internal mechanical stress. The pull-in voltage decreases with
increasing number of switching cycles because of plastic deformation of the cantilever. The contact
resistance is of 10—15 Ohms for 10 thousand cold-switching cycles, and then it increases to
several tens and hundreds of Ohms and becomes unstable due to contamination of the ruthenium
contacts. However, the proposed switch has 1-2 orders of magnitude lower resistance compared
to the previously developed device. Reliability testing under sealed conditions is planned for the
presented MEMS switch.
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