Effect of parasitic capacitance on ‘OFF/ON’ ratio of RF
MEMS capacitive switch
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Abstract— Figure of merit for the RF MEMS capacitive switch is decided by
‘OFF/ON’ capacitance ratio. There is number of methods reported in the litera-
ture to increase the ‘OFF/ON’ ratio of the switch. Floating metal concept is one
among them. Theoretical ratio based on parallel plate calculations is claimed up
to 2000. However parasitics capacitance plays a major role in ‘ON’ state ca-
pacitance and measured ‘OFF/ON’ ratio is less than 100. In present paper, LCR
parameters for RE MEMS capacitive switch are extracted considering parasit-
ics. Parasitics are independent from switch capacitance/overlap area. These are
function of switch geometry and substrate material on which switch is fabricat-
ed.
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1 Introduction

RF MEMS capacitive switches have superior performance as compared to solid
state devices. In ‘ON’ state, RF signal is passed though solid metallic line which low-
er its insertion loss. Through, some leaky path between signals to ground exists
through the capacitance. In ‘ON’ state, it is defined as ‘ON’ state capacitance and
similarly ‘OFF state capacitance. Insertion loss is affected by the “UP’ state capaci-
tance which is function of area of overlap and parasitics [1]. Area of overlap is re-
duced significantly in the literature [2]-{4] using floating metal concept, however,
calculations for parasitics are difficult and not included in the theoretical calculations
[5]. [6]. [7]. Figure of merit for RF MEMS switch is calculated from its capacitance in
‘ON’ and ‘OFF’ states. With floating metal, theoretical ‘ON” state capacitance is
reduced up to 2 fF neglecting parasitics which leads to high (>2000) ‘OFF/ON’ ratio
for the switch. However, experimental ‘OFF/ON’ ratio with parasitics is limited to
20-100 only. In the present paper, parasitics capacitance is extracted from its s-
parameters.

2 Parametric extraction

RE MEMS switch equivalent to parallel resistor (R), capacitor (C) and inductor (L)




network as shown in Fig 1. RF analysis of the switch is performed on High frequency
Structure Simulator (HFSS). The switch down state capacitance is calculated from its
parallel plate formula. In ‘ON’ state, impedance contributed by inductance and re-
sistance are negligible [2], and capacitance is calculated from S11
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Fig 1. RLC equivalent circuit of the RF MEMS switch.

Knowing the resonance frequency and down state capacitance, inductance is calcu-
lated which is same in both ‘ON? and ‘OFF” states.

Switch response in ‘OFF” state with the extracted LCR parameters in Advance De-
sign System (ADS)© is compared with simulations in HFSS as shown in Fig. 2.
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Fig. 2 Response of LCR fitted and simulated RF MEMS capacitive switch.

2.1 Parasitic capacitance

Switch capacitance is adversely affected by fringing and parasitic effects. In ‘ON’




state, switch capacitance is very small (1-80 {F) [4], [5], [8]. Fringing/parasitic capac-
itance also lies in same range (20-90 fF). In ‘OFF" state, capacitance is of the order of
1-10 pF and parasitic capacitance has negligible effect on it. Hence, extraction of
parasitic is done in ‘ON’ state. In “ON” state, capacitances based on parallel plate and
equation (actual value) are extracted and verified.

Up state capacitance of the MEMS shunt switch using parallel plate formula is giv-
en by.
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Here overlap area “A” is varied from minimum (with floating metal concept) to 90
x 150 um? (full overlap) to increase the ‘OFF/ON’ ratio as shown in Fig 2. However,
switch capacitance calculated from (parallel plate) and LCR parameters gives parasit-
ic capacitance of 76-80 fF which degrades the desired ‘OFF/ON’ ratio as listed in
Table 1. Two type of RF MEMS capacitive switch are designed and fabricated as
shown in Fig. 3. First switch has area of overlap of 5 um and second one has area of
overlap of 90 pm.
The fabricated devices are characterized by CV measurements using Agilent LCR
meter (E4980A) to confirm the parasitics capacitance and change in ‘OFF/ON’ ratio
as shown in Fig. 3.
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Fig. 3 SEM images of the RF MEMS capacitive switch with (a) 5 pm and (b) 90 pm overlaps.
Measured ‘ON’ state switch capacitance is 79 fF which closely matches with the sim-

ulated one. Parasitics capacitance lies in the range of 75-80 fF and independent from
switch capacitance as listed in Table 1. ‘OFF state capacitance is 4.6 pF and has neg-




ligible effect of parasitics which reduces the practical ‘OFF/ON’ ratio to 58. On the
other hand simulated results without considering parasitics, gives ‘OFF/ON’ ratio of
2091 which needs to be corrected.

Table 1 Calculation of parasitics capacitance by changing overlap area.

S.N. | Overlap | Gap | Parallel plate | Simulated Parasitic OFF/ON ratio

Area (um) | Capacitance Capacitance | Capacitance [Simulated

(um?) ({F) .. (fF) (fF) Without _ [With

arasitics arasitics

1 150x90 | 3 40 118.5 78.5 115 39
2 150x45 | 3 20 100 80 230 46
3 150x5 3 2.2 78 75.8 2091 59
Conclusion:

Parasitics plays an important role in ‘ON” state and degrades the figure of merit. Para-
sitic capacitance for the fabricated RF MEMS switch is 75-80 {FF which is independ-
ent from ‘ON’ state capacitance. ‘OFF’ state lies in the range of pico Farad and has
negligible effect of parasitics. Extracted parameters match with simulated as well as
fabricated results.

Acknowledgement: The authors would like to thank Council of Scientific and
Industrial Research, India and Central Electronics Engineering Research Institute,
Pilani-India for providing financial assistance throughout the work.

References

(1]
(2]

(3]

(4]

G. M. Rebeiz, “RF MEMS Theory, Design, and Technology,” book, p. A
John Wiley & Sons Publication, New Jersey., 2003.

D. Bansal, A. Kumar, A. Sharma, and K. J. Rangra, “Design of compact and
wide bandwidth SPDT with anti-stiction torsional RF MEMS series
capacitive switch,” Microsyst. Technol., vol. 21, no. 5, pp. 1047-1052, 2015.
D. Bansal, A. Bajpai, P. Kumar, M. Kaur, A. Kumar, A. Chandran, and K.
Rangra, “Low voltage driven RF MEMS capacitive switch using
reinforcement for reduced buckling,” J. Micromechanics Microengineering,
vol. 27, no. 2, p. 24001, 2017.

K. Rangra, B. Margesin, L. Lorenzelli, F. Giacomozzi, C. Collini, M. Zen, G.
Soncini, L. del Tin, and R. Gaddi, “Symmetric toggle switch—a new type of
rf MEMS switch for telecommunication applications: Design and
fabrication,” Sensors Actuators A Phys., vol. 123—124, pp. 505-514, 2005.
D. Bansal, A. Kumar, A. Sharma, P. Kumar, and K. J. Rangra, “Design of
novel compact anti-stiction and low insertion loss RE MEMS switch,”
Microsyst. Technol., vol. 20, no. 2, pp. 337-340, 2013.

H. Zareie and G. M. Rebeiz, “High-power RF MEMS switched capacitors
using a thick metal process,” [EEE Trans. Microw. Theory Tech., vol. 61, no.
1, pp. 455-463, 2013.

A. Persano, F. Quaranta, A. Cola, A. Taurino, G. De Angelis, R. Marcelli, and
P. Siciliano, *Ta205 Thin Films for Capacitive RF MEMS Switches,” J.




(8]

Sensors, vol. 2010, pp. 1-5, 2010.
. B. Muldavin and G. M. Rebeiz,
switches-part 1: Modeling.” IEEE
6, pp. 1038-1044, 2000.

“High-isolation CPW MEMS shunt
Trans. Microw. Theory Tech., vol. 48, no.



