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ABSTRACT 
 

This paper presents simulation results of a constant-

charge biasing integrated circuit for capacitive RF MEMS 

switches for improvement in reliability. 1-D nonlinear 

dynamic electromechanical model of the switch was used to 

extract the switch model parameters for circuit simulations. 

The constant-charge biasing integrated circuit is designed to 

operate to charge, float, and discharge the switch membrane 

as a capacitive load. Austria Microsystems 0.35µm 50V 

high voltage CMOS technology was used for the circuit 

simulation. The simulation results showed that within a 

mere 300 ns period enough charge to pull down the switch 

membrane is provided. Due to the constant-charge biasing, 

the voltage across the dielectric layer was found to be 530 

mV after the membrane snapped down to the dielectric 

layer. The constant-charge biasing scheme results in 

electric field across the dielectric remains below 27 kV/cm 

regardless of the membrane position which is substantially 

lower than the maximum electric field of 2.38 MV/cm in 

the case of constant-voltage biasing. The circuit simulation 

results imply that such a constant-charge biasing would 

substantially improve reliability of the switches. 
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1 INTRODUCTION 
 

Recently, there have been various studies on the RF 

(radio frequency) MEMS (Microelectromechanical 

systems) switches as one of the preferred switching 

elements for the RF devices [1- 3]. It is commonly known 

that RF MEMS switches provide lower insertion loss, 

higher isolation, better linearity, low power consumption, 

and a smaller size than the conventional electronic 

switching counterparts (such as pin diodes and FETs) [4]. 

Even though RF MEMS switches showed excellent overall 

device performances, device reliability and commercial 

feasibility issues were major stumbling blocks for the RF 

MEMS switches’ penetration into real world applications.  

For the capacitive RF MEMS switches, it has been 

reported that the lifetime of the switches improves on the 

order of a decade for every 5~7V decrease in applied 

voltage when a conventional constant-voltage (CV) biasing 

scheme is used [5]. In order to increase the reliability of 

capacitive the RF MEMS switches, we previously 

suggested the constant-charge (CC) biasing method [6].   

This study is an extension of our previous work towards 

the integration of the constant-charge biasing circuit in 

monolithic integrated circuits (IC) using conventional MOS 

(metal-oxide-semiconductor) foundry service.  

 

2 CONSTANT-CHARGE  

BIASING SCHEME 

 
The constant-voltage method that is widely used in 

capacitive switches can cause high electric fields across the 

dielectric layer once the membrane is snapped down, so 

that dielectric charging can easily occur in the layer. The 

CC basing method can effectively reduce the electric field 

across the dielectric layer and therefore significantly reduce 

dielectric charging. Our previous work demonstrated that 

the electric fields are constant when the CC method is 

applied as the biasing scheme [6].  

 

 
 

Figure 1. A schematic diagram of a cross-sectional view of 

a doubly-clamped switch that shows parameters used in the 

simulation. 

 

Table 1.  Model parameters of the capacitive switch 

Spring Constant of the Membrane  k 4 

Initial Gap  go 3um 

Thickness of the Dielectric Layer  tx 0.21um 

Absolute Permittivity of Air εo 8.854x10
-12

 

F/m 

Relative Permittivity of the Dielectric 

Layer εr 

6.7 

Area of Membrane   A = WL (125x10
-6

 )
2
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2.1 Pull-In Charge and Voltage 
 

The pull-in charge (QPI) which is the minimum 

charge required to pull down the switch membrane is 

given by [6]: 

 

 002 AkgQPI ε= ,               (1) 

where A is the area of the electrode, k is the spring 

constant of the switch membrane and g0 is the initial gap 

between the switch membrane and the dielectric layer. 

The corresponding voltage of the membrane with the 

constant-charge QPI is given by: 
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With the parameters presented in Figure 1 and Table 1, 

the pull-in charge of is calculated as 2.28 pC and the 

corresponding VQ is calculated as 39.5V. To pull the 

membrane down, the CC biasing method requires a factor 

of 2.6 times higher voltage than CV biasing method [6].  

   

2.2 An Implementation Method  
 

The constant-charge biasing can be realized by the 

following sequences: charging–floating-discharging. 

First, the circuit provides high voltage pulse to charge the 

switch capacitor. Once the membrane switch capacitor is 

charged enough, the electrostatic force between the 

membrane and the bottom electrode pulls the membrane 

down. When the membrane starts to move down, the 

switch is disconnected from the circuit output node, so 

that the switch becomes floated. The total charge on the 

membrane remains constant during the membrane’s 

actuation. As the gap between the membrane and the 

dielectric layer decreases, the capacitance increases and 

the voltage decreases since the charge in the switch 

remains constant. When the membrane reaches to the 

dielectric layer, the voltage across the membrane and the 

bottom electrode becomes the lowest. After certain time, 

the charge stored in the switch membrane can be 

discharged by the circuit, then the switch moves back to 

its unbiased initial position due to the mechanical 

restoring force of the membrane. 

 

3 DYNAMIC MODEL 
 

In order to find the capacitance model of the switch, 

dynamic analysis using 1-D nonlinear equation of motion 

with damping factor of air and contact forces of the 

dielectric surface was carried out. The electrostatic force on 

the membrane is given by: 
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where Csw(t) is the capacitance of the switch and Q0 is the 

applied constant-charge. 

 

The equation of motion for switch membrane is given 

by: 

  

cel FFkz
dt

dz
b

dt

zd
m +=++

2

2

 ,          (4) 

where m is the mass of the membrane, z is the amount of 

the displacement of the membrane in the out of the plane 

direction, b is the variable damping coefficient, and Fc is 

the contact force of the dielectric surface. The contact force 

of the surface of the dielectric layer consists of an 

attractive Van der Waals force and a repulsive nuclear 

contact force. 

The damping coefficient as a function of displacement 

is derived from Reynolds gas-film equation for rectangular 

parallel-plate [7] which is given by: 
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where µair is the viscosity of air (≈ 1.8 x 10
-5

 kg/m
3
), l and 

w are the length and width of the switch membrane.  

Mathematica
®
 was used to solve the nonlinear 2

nd
 order 

differential equation. Figure 2 shows the gap of the 

membrane as a function of time for the constant-charge 

biasing case. It takes approximately 16 µs for the membrane 

to be snapped down onto the dielectric layer.  

As the gap between the membrane and the dielectric 

layer decreases, capacitance of switch increases. The 

capacitance as a function of time is shown in Figure 3 for 

the constant-charge biasing. Initial capacitance of a given 

switch model is 45 fF. The capacitance becomes greatly 

increased to be 4.63 pF when the membrane touches the 

dielectric surface. This time varying capacitance model was 

used as a load capacitance model for the CC biasing circuit 

simulation. 

 

 
 

Figure 2. The gap between the membrane and the dielectric 

layer as a function of time for the constant-charge biasing 
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Figure 3. The capacitance of the switch as a function of 

time. 

 

5  CIRCUIT SIMULATION 
 

The CC-biasing circuit consists of one high voltage 

PMOS, two high voltage NMOSs, five resistors, and a 

variable load capacitor which is the capacitive switch itself. 

Figure 4 shows the schematic diagram of the proposed CC-

biasing circuit. M0 is a PMOS transistor which can charge 

the load switch capacitor with 50 V for the membrane 

actuation. M1 is an NMOS transistor that can discharge the 

load to push the membrane back to its original unbiased 

state. M2 is an NMOS transistor which receives 5 V input 

signal and generates turn-on pulses for the M0 high voltage 

PMOS transistor. Table 2 shows the size of components 

and simulation condition. 

 

Table 2. Components’ size and simulation condition 

 

The designed circuit was simulated with the HSPICE 

model of transistors provided by Austria Microsystems 

under typical condition at room temperature of 25°C.  The 

power supply (Vdd) was given by 50 V and the input signal 

voltage level was set at 5 V to incorporate typical digital 

control signals. Figure 5 shows the timing diagram of the 

input/output signals. 

 

 
Figure 4. A schematic diagram for the constant-charge 

biasing circuit. 

 

 

    
 

Figure 5. A timing diagram of the input signal and the 

output signal. 

 

Table 3. M0, M1, output node, and membrane states in the 

charge-float-discharge cycle. 
Phase M0 M1 Output State Membrane State 

A OFF OFF Floating No Bending 

B ON OFF VDD (Charging) Start to bend 

C OFF OFF Floating Bending 

D OFF OFF Floating Stick to dielectric 

layer 

E OFF ON GND (Discharging) Start to recover 

F OFF OFF Floating Recovering 

 

 

Input signals, in1 and in2, are the charging and the 

discharging pluses respectively. The time interval TA 

between in1 and in2 should be greater than the switching 

time of the membrane which is 16 µs for this specific 

model. The circuit was simulated with various values of 

pulse width TP, such as 200 ns, 300 ns, 500 ns, 1 us, and 2 

us. It was found that the pulse width smaller than 300 ns 

was not enough to fully charge the membrane for the pull-

in actuation. Any pulse width greater than 300 ns was 

Components Size ( W/L) Condition 

M0 (NMOS) 10µm   / 2µm Process : 

Typical-Typical 

(TT) 

Temperature : 

25°C 

Power Supply : 

50V 

Input Signal 

Voltage: 5V 

Simulation Tool: 

HSPICE 

M1 (PMOS) 20µm   / 2µm 

M2 (NMOS) 10µm   / 2µm 

R0 1 kΩ 

R1 1 kΩ 

R2 1.5 kΩ 

R3 15 kΩ 

R4 1 kΩ 

C0 
Variable 

(45 fF ~ 4.65 pF) 
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providing enough charge to the membrane switch for pull-

in actuation.     

Figure 6 shows that the output load capacitor can be 

charged in 300 ns and the output voltage is 50 V when the 

capacitor is charged. After the membrane is snapped down 

to the dielectric layer, the voltage across the dielectric layer 

becomes mere 0.53 V. The novel feature of the circuit is 

that once the actuation of the membrane is started, the 

output port of the circuit will be floated. As a result, charge 

stored in the capacitive switch is nearly constant and the 

voltage automatically decreases as the membrane moves 

down. Electric field across the dielectric layer was 

calculated from the simulated voltage waveform   

throughout the actuation period for the 50V CMOS IC 

circuit. As shown in Figure 7, electric field across the 

dielectric is below 27 kV/cm. This is substantially lower 

than that of the CV biasing which can be found to be 2.38 

MV/cm. Consequently, the dielectric charging can be 

reduced significantly and the lifetime of the switch can be 

increased.  

 

 
 

Figure 6. Voltage waveforms of simulation results with the 

pulse width TP  of 500ns. 

 

 
 

Figure 7. Electric field across the dielectric layer 

throughout the charging-floating-discharging period. 

 

Figure 8 shows the waveforms of the calculated charges 

on the load switch capacitor. As a result of the CC biasing, 

the charge remains nearly constant throughout the charge-

float cycle. Initial amount of charge stored in the switch 

capacitor was found to be 2.31 pC and it was increased 

gradually to 2.49 pC as the membrane moves down. Charge 

difference during the membrane actuation is only 0.18 pC. 

The amount of difference may come from the shared charge 

in the parasitic capacitors.  

 

 
 

Figure 8. Waveforms of the calculated charges in the switch 

capacitor. (To be modified) 

 

6 CONCLUSION 
 

We have designed and simulated a constant-charge 

biasing circuit implementation using Austria Microsystems’ 

0.35 µm 50 V high voltage CMOS Technology. The 

proposed circuit can be monolithically integrated with the 

capacitive RF MEMS switch in high voltage CMOS 

process. The circuit simulation results in very low hold 

voltage and near constant charge throughout the actuation 

period, which implies that the lifetime of the switch can be 

substantially increased compared to a conventional CV 

biasing scheme.  
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