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Abstract: i is very difficult to establish high-fidelity model for self-actuation failure threshold power
of switch when considering the fringing field effect of the electric field distribution of the capacitive RF
MEMS(Radio-Frequency Micro-Electro-Mechanical System) switch membrane. Therefore, in order to
characterize the intensity of the fringing field effect of the electric field distribution on the membrane, the
Figure of Merit(FoM) is constructed by using the ratio between the area of the switch membrane subjected
to RF power(Arr) and the facing area(A) (which is between the membrane and the transmission line). The
three-dimensional electromagnetic model of self-actuation failure of the switch is constructed by using the
HFSS(High Frequency Structure Simulator) software. For a case of a common configuration of the switch,
the distribution of fringing electric field of membrane under a variety of RF signal powers (#.) and with
different air gaps of the switch(g) are obtained through simulation. The comparison between the calculation
of FoM and simulation results indicates that it is feasible to characterize the intensity of the fringing field
effect of the electric field distribution of the membrane by using FoM(Ar/A).
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Tablel Switch structural parameters of the electromagnetic field simulation model

/ air cavity

membrane

substrate

350 um 700 pm

length of membrane (L)  thickness of membrane (1) ~ width of membrane (w)  air gap (go)  thickness of dielectric layer (£4)

300 pm 2 pm 100 pm 3 pm 0.15 pm
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(a) RF signal poweris 1 W (b) RF signal power is 5 W

Fig.4 Three-dimensional electromagnetic simulation results of switch membrane in different incident power, with 3 pm deep air gap
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Table2 Electromagnetic field simulation data of the switch with different RF signal powers

Pin/W E/(V-um™) Vams/V Veg/V FoM(Age/A)
1 2.77 5.94 7.00 139
2 3.92 8.40 10.00 1.42
3 4.80 10.29 12.20 1.42
4 5.54 11.87 14.14 1.42
5 6.19 13.26 15.80 1.42
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8.9469¢+006
8.3877e+006
7.8285e+006
7.2693e+006
6.7102e+006
6.1510e+006
5.5918e+006
5.0326e+006
4.4735e+006
5.9143e+006

3.355le+088
2.7959e+006
2.2368e+006
1.6776e+006
1.1184e+006
5.5923e+005
5.4970e+001

(b) incident power is 1 W, air gap is 1.5 um

Fig.5 Three-dimensional electromagnetic simulation results of switch membrane with the same incident power( 1 W RF signal)
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Table3 Electromagnetic field simulation data of the switch with different air gap depths

go/um E/(V-pm™) Vrms /V Vea/V FoM (4r¥/4)
2.7 2.93 5.65 7 1.54
2.4 3.16 5.42 7 1.67
2.1 3.47 5.21 7 1.81
1.8 3.61 4.64 7 2.28
1.5 4.00 4.29 7 2.66
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