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cellular based station, mobile handsets, tunable filters, 
phased array antenna, signal routing, phase shifters as 
these switches offer better isolation, low insertion loss and 
less power consumption over a wider range of frequency 
as compared to solid state switches (Brown 1998; Rebeiz 
2003, 2001; Tilmans 2003; Rangra 2005; Rangra et  al. 
2005; Angira et al. 2013).

However, at the sub-system/system level performance 
requirement becomes more stringent e.g. in multi-port 
switches (DiNardo et al. 2006; Kang et al. 2009), tunable 
filters (Peroulis et  al. 2000; Entesari and Rebeiz 2005; 
Guo and Jin 2011), phased array antenna (Armenta et  al. 
2012), phase shifters (Rebeiz et  al. 2002; Dey and Koul 
2012; Razeghi and Ganji 2013) and switch Matrix (Fomani 
and Mansour 2009). The less insertion loss and broadband 
nature now become more essential. In the same context, a 
float metal based capacitive shunt RF-MEMS switch has 
been designed and investigated in this paper.

In shunt capacitive switch, ON and OFF state can be 
achieved by changing the value of capacitance between the 
movable structure and the transmission line. Thus a figure 
of merit is the ratio of capacitance in the down to up-state 
position of the movable beam. However, degraded capaci-
tance in the down-state due to surface micro-roughness 
decreases the capacitance ratio (Yua et  al. 2005, 2006). 
This makes the down-state behavior unpredictable in terms 
of resonant frequency. Float metal presents a good solution 
for the above cited problem. This concept also allows to 
reduce the RF overlap area between the movable structure 
and central conductor of CPW without affecting the down-
state response and thus improves the insertion loss of the 
device (Giacomozzi et al. 2008).

In the presented work, float metal shunt capacitive 
switch has been compared to the conventional approach 
in terms of pull-in voltage, switching time, insertion loss, 

Abstract  This paper presents a low insertion loss capaci-
tive shunt RF-MEMS switch. In the presented design, float 
metal concept is utilized to reduce the capacitance in up-
state of the device. Float metal switch shows an insertion 
loss <0.11 dB, a return loss below 26.27 dB up to 25 GHz 
as compared to 0.81 dB insertion, 8.67 dB return loss for 
the conventional switch without float metal. OFF state 
response is same for the both devices. Further pull-in volt-
age of 12.75 V and switching time of 69.62 µs have been 
observed in case of the conventional switch whereas device 
with float metal have 11.75 V and 56.41 µs. Improvement 
of around 2.5 times in bandwidth and 4 times in input 
power has been observed without self actuation, hold down 
problem. The designed switch can be useful at device and 
sub-system level for multi-band applications.

1  Introduction

Telecommunication industries are growing at a rapid pace. 
New wireless standards are coming-up requiring devices 
with high linearity, low power consumption, large band-
width. RF-MEMS is becoming an attractive technology 
for the above cited purpose. Amongst the different device 
switches have gained much attention. RF-MEMS switches 
have many telecommunication applications including 
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isolation, bandwidth and power handling capability. For 
actuation, electrostatic method is used because of its com-
patibility with IC technology. The Switch is implemented 
as a broadside placed bridge structure. A uniform bridge 
structure requires higher pull-in voltage so four flexures 
attached to a central plate have been chosen to reduce 
the pull-in voltage. Figure  1a, b shows the model of the 
designed switches.

2 � Device description and working

As typical of shunt configuration the input and output RF 
ports are physically connected to each other and there-
fore normally switch is ON. Broadside switch is based on 
a 50 Ω CPW line with 55/90/55  µm. The switches have 
a central overlap area of 310 ×  90 µm2, 90 ×  50 µm2 in 
conventional and float metal design respectively in order to 
have maximum isolation in X-band. The dimensions used 
in designing have been given in Table 1.

2.1 � Switch working

The device operation states are shown in Fig. 2a, b. In state 
1 with bridge in up position, switch is ON and shows inser-
tion loss. OFF state can be achieved by pulling down the 
beam in the down position through electro-static actuation. 

Figure  2b shows the isolation state when bridge provides 
the ground to the float central capacitive area.

3 � Electrical response

RF response is the function of the ratio of up-state capaci-
tance to the down-state capacitance and given by Eqs. 
(1–3):

where, Aup  =  capacitive overlap area in up-state, 
Adown = capacitive overlap area in down-state, εr = relative 
permittivity, Cup = capacitance in the up-state of the switch, 
Cdown = down-state capacitance of the switch and Cratio = ratio  
of the capacitance in down-state to the up-state. A high 
capacitance ratio is desirable as more down capacitance pro-
vides good isolation and less capacitance in up-state provides 
good insertion loss. The capacitance in the up-state of the 

(1)Cup = εoAup/do

(2)Cdown = εoεrAdown/tox

(3)Cratio(Cdown/ Cup) = εrAdowndo/toxAup

Fig. 1   Shunt capacitive switch 
(a) conventional (b) float metal

   Flexure 

Central capacitive area 

CPW  Float metal 

(a) (b)

Table 1   Dimensions of the designed switches

Dimensions Value

Length of bridge flexures 115 µm

Width of bridge flexures 15 µm

Thickness of all flexures 2 µm

Silicon dioxide thickness (tox) 0.1 µm

Float metal thickness 0.2 µm

Electrostatic Gap (go) 2.7 µm

RF gap (do) 2.0 µm

Electrostatic actuation area (Aelectro) 300 × 110 µm2

RF central overlap (Afloat_RF, Acon_RF)  90 × 50 µm2, 310 × 90 µm2

Si    SiO2    Poly   Au 

              Central Capacitive area 

Actuation electrode Substrate 

Bridge 
(a) 

(b) 

Fig. 2   Cross-sectional view for switch working
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switch is reduced by utilizing the float metal concept. The 
device with float metal is having Afloat_RF = 90 × 50µm2 
whereas conventional Acon_RF = 310 × 90 μm2.

Fig. 3   Comparison of insertion loss of both switches

Fig. 4   Return loss of float metal vs. conventional switch

Fig. 5   Isolation of both devices

Fig. 6   Return loss of float metal vs. conventional switch in OFF state

Fig. 7   Insertion loss and isolation characteristics of conventional 
switch

Fig. 8   Insertion loss and isolation characteristics of float metal 
switch



1176	 Microsyst Technol (2015) 21:1173–1178

1 3

Thus, from Eq. 6 Cup_float is around 6 times less than the 
Cup_Con. In order to determine the RF response electromag-
netic simulation has been done through Ansys HFSS™. 
Insertion losses for the both devices have been plotted in 
Fig. 3. Insertion loss of 0.01–0.11 dB and 0.02–0.81 dB has 
been observed in case of float metal and conventional switch 
respectively in the frequency range from 1 to 25 GHz.

Return loss is also improved from 33.27–8.67  dB to 
48.65–26.27  dB over the frequency range 1–25  GHz as 
shown in Fig. 4. In the OFF state both devices have same 
isolation and return loss characteristics as shown in Figs. 5, 
6, respectively. This has happened as both devices have 
same inductance and capacitance in the down-state.

3.1 � Switches bandwidth

The switch bandwidth can be calculated from the lower and 
the upper operating frequency.

Lower frequency (FL) is limited by the minimum isola-
tion, whereas the upper frequency (fu) either by maximum 
insertion or minimum isolation. For bandwidth calculation 
an acceptable maximum insertion loss of 0.3 dB and mini-
mum isolation of 20 dB has been chosen. It is observed from 
Fig. 7 that upper operating frequency is limited by insertion 
loss. Switch has fL = 4.8 GHz and fu = 11 GHz. This results 
in a bandwidth of 6.2  GHz in conventional design. The 
switch with float metal has fL = 4.8 GHz and fu = 21 GHz 
and a bandwidth of 16.2  GHz as shown in Fig.  8. In case 
of float metal switch maximum insertion loss limit can be 
changed down to 0.1 dB without affecting the bandwidth. 

3.2 � Self actuation and stiction due to RF power

The shunt capacitive RF-MEMS switch can handle certain 
power in the ON and OFF state. If the input power is suffi-
cient to provide a voltage higher or equal to pull-in voltage 
of the device through the central overlap area, then under 
this condition self actuation of switch will occur without 
any d.c bias voltage. The input power corresponding to self 
actuation can be determined from Eqs. (7–10) as follows:

(4)Cup_float = εo90 × 50/do

(5)Cup_Con = εo310 × 90/do

(6)Cup_float/Cup_Con ≈ 1/6

(7)Pin = V2
RF/Z0

(8)Pin = V2
eq/Z0

(9)PS1(V
2
p1cpw/Z0) = 2.67 W

(10)PS2(V
2
p2cpw/Z0) = 0.63 W

where Pin =  input power, PS1, PS2 =  self actuation power 
in float metal and conventional design respectively, Z0 
(characteristic impedance of the line) = 50 Ω, VRF = r.m.s 
value of the RF signal, Veq = equivalent d.c voltage, Vp1cpw 
(Pull-in voltage due to central overlap area in float metal 
switch) = 11.56 V and Vp2cpw (Pull-in voltage due to cen-
tral overlap area in conventional switch)  =  5.6  V. FEM 
based simulation has been done through coventorware® 
to determine the pull-in voltage as shown in Fig. 9. It can 
be seen that the float metal device can handle around four 
times more input power without self actuation.

In down-state, stiction can occur if RF power is suffi-
cient to provide a pull-down force which is higher or equal 
to the spring restoring force. The power needed to hold the 
switch in down-state can be obtained from Eqs. (11, 12) 
(Peroulis et al. 2004). The hold down power is dependent 
on frequency unlike the self actuation power. Thus, lower 
and higher frequencies have been taken from switches 
bandwidth for obtaining the hold down power.

where, Ph1, Ph2  =  hold down the power for float metal 
and conventional design respectively, and Vp1,2 (11.75 V, 
12.75 V) pull-in voltage of the float metal switch and con-
ventional switch respectively as shown in Fig.  10. For 
proper functionality of switch power input must be less 
than the minimum of self actuation power and hold down 
power. It is found that input power should be less than 
0.63 W for the conventional switch and 2.67 W for the float 

(11)

Ph1 = 27AelectroV
2
p1t

2
ox[1 + 9.28f2C2

downZ
2
0]/8g0Afloat_RFZ0

= 10.88 to 204.88 W

(12)

Ph2 = 27AelectroV
2
p2t

2
ox[1 + 9.28f2C2

downZ
2
0]/8g0Acon_RFZ0

= 2.06 to 10.70 W

Fig. 9   Pull-in voltage under central overlap area for both switches
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metal design. The power input is increased around four 
times in the float metal device.

Another reason for stiction in down-state could be due to 
the electrostatic force, capillary force, hydrogen bonding, and 
Van der Waal forces. Float metal switch alleviates this prob-
lem as well, due to a reduction in the magnitude of the section 
forces (Tas et al. 1996; Bansal et al. 2013) caused by central 
capacitive overlap area compared to the conventional device.

4 � Electro‑mechanical and dynamic response

In electro-mechanical response pull-in voltage is the 
parameter of concern. Pull-in voltage is dependent on the 
length, width, thickness of flexure, Young’s modulus, initial 
gap between electrode and movable structures and actua-
tion area. Pull-in voltage of 12.75 and 11.75 V has been 
obtained through FEM simulation in case of conventional 
and float metal switch respectively as shown in Fig. 10.

In dynamic response the switching speed of MEMS 
switch is of main interest for many telecommunica-
tion applications. The switching time depends on vari-
ous mechanical and electrical parameters like natural fre-
quency of the movable parts, damping and ratio of pull-in 
to applied voltage. FEM simulated switching time has been 
given in Fig. 11. Float metal switch has less switching time 
as compared to conventional design due to decrease in 
mass through reduced central overlap area.

5 � Conclusion

The switch with the conventional approach and using the 
float metal concept has been designed and investigated. 
The considerable improvement in insertion loss has been 

seen as compared to the conventional switch. OFF state 
response is same in both the devices because of same 
inductance and capacitance in the down-state. In float metal 
switch bandwidth is increased around 2.5 times than that 
of conventional switch. Input power is increased around 4 
times without self bias and hold down problem. The pull-
in voltage and switching time have also been reduced from 
12.75 V to 11.75 V and 69.62 µs to 56.41 µs. The designed 
device can be useful for the multi-band applications.
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