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Abstract This paper presents a new type of capacitive
shunt RF-MEMS switch. In the proposed design, float
metal concept has been utilized to make the asymmetric
structure on either side of the transmission line to imple-
ment the switch. This novel structure is used to inductively
tune the isolation in C, X and K, bands. Isolation peaks
of 42.63, 44.22 and 47.75 dB has been observed at 7.2,
8.8 and 16.5 GHz when left, right or both cantilevers are
electro-statically actuated in the down-state respectively,
whereas conventional switch has peak only in X-band.
Switch shows an insertion loss better than 0.10 dB, a return
loss below 23.93 dB up to 25 GHz as compared to 0.90 dB
insertion loss and 8.02 dB of return loss in case of con-
ventional device. Further, improvement of around 5 times
in bandwidth, 50 % in the pull-in voltage and 16.7 % in
device area have also been observed. The designed switch
can be useful at device and sub-system level for the future
multi-band communication applications.

1 Introduction

In recent years, MEMS technology based devices have
been proven valuable for RF applications. New wireless
standards are coming-up requiring devices with multi-
band functionality to ensure reconfigurability of front
without compromising the performance. RF-MEMS is
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becoming an attractive technology for the above cited pur-
pose. Amongst the different device switches have gained
much attention because of excellent isolation, low inser-
tion loss, high linearity, less power consumption compared
to solid state counterpart (Brown 1998; Tilmans et al.
2003; Rebeiz 2003; Rangra 2005). RF-MEMS switches
are used as a building block in many telecommunication
systems, including phased array antenna (Armenta et al.
2012), phase shifters (Rebeiz et al. 2002; Dey and Koul
2012; Razeghi and Ganji 2013), switch matrix (Fomani
and Mansour 2009), multi-port switches (DiNardo et al.
2006; Kang et al. 2009) and tunable filters (Peroulis et al.
2000; Entesari and Rebeiz 2005; Guo and Jin 2011).
However, device performance requirement becomes more
critical when switches are used in large numbers because
of the combined effect of multiple switches. A number
of structures have been reported in the literature for the
capacitive switches having good RF performance in a sin-
gle band, moderate pull-in voltage, but lags in multi-band
functionality e.g. (Muldavin and Rebeiz 2000a; Rebriz and
Muldavin 2001; Rangra et al. 2005; Fouladi and Mansour
2010; Bansal et al. 2013; Angira et al. 2013). In another
approach combination of switches like the series and shunt
are used to make multi-band devices, but more insertion
loss and the large chip area make them unsuitable for
future compact systems (Muldavin and Rebeiz 2000b,
2001).

In the presented paper, a novel design based on the float
metal concept has been proposed. Insertion loss has been
improved by reducing the capacitance in the up-state. Isola-
tion characteristics is tuned in different bands by changing
the inductance in the down-state. Further, a conventional
switch has been designed and compared with proposed
device. Figure la, b shows the model of the designed
switches.
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Fig. 1 Model of the switch a proposed, b conventional

Table 1 Dimensions of the designed switches (a) Central capacitive area
S.No.  Dimensions Value (um)

1. Length of bridge and left cantilever flexures 115

2. Width of bridge and right cantilever flexures 15

3. Length right cantilever flexure 100

4. Width of left cantilever flexure 30 Substrate Actuation electrode ( Poly)
5. Thickness of all flexures 2

6. Electrostatic Gap (d) 2.7

7. RF gap (g) 2.0

8. CPW 55-90-55

9. Silicon dioxide thickness (t,,) 0.1

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 Q2 CPW. In conventional approach switch is imple-
mented with a bridge structure having four flexures whereas
proposed design consist of cantilever structures on either

side of transmission line. In order to realize the multi-band

functionality, inductance value has been kept different on
either side cantilevers through asymmetric structures. The

switch design parameters are listed in Table 1.

2.1 Switch working

The different states for the proposed device operation are
shown in Fig. 2a—d. In state 1 with both cantilevers in the
up position, the switch is ON and shows insertion loss.

Si

Si0,

Poly

Au

OFF state can be achieved by pulling down the left, right or

both cantilever in the down position through electro-static
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Fig. 2 a—d Cross-sectional view for proposed device working
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actuation. Figure 2b shows the isolation state when the
right beam connects ground to the float central capaci-
tive area. As the left cantilever is having more inductance
than the right, switching it down shift the isolation peak to
a lower frequency. This state is shown in Fig. 2c. Finally,
when all beams are in down position inductance becomes
even less and shifts the isolation peak to a much higher
frequency.

3 RF response

In shunt capacitive switch, RF response is the function of
the ratio of up-state capacitance to the down-state capaci-
tance. Equations (1, 2 and 3) show the capacitance in up,
down and their ratio.

Cup = €oAup/2 )
Cdown = €o€rAdown/td 2)
Cratio (Cdown/cup) = erAdowng/tdAup 3)
where A,, = capacitive overlap area in up-state,

A4own = capacitive overlap area in down-state, ¢, = rela-
tive permittivity, C,, = capacitance in the up-state of the
switch, Cy,,, = down-state capacitance of the switch and
C..io = ratio of the capacitance in down-state to the up-
state. A high capacitance ratio is desirable for good RF
response.

3.1 ON state response

The capacitance in the up-state of switch can be reduced
by utilizing the float metal concept (Giacomozzi et al.
2008; Angira and Rangra 2014). The proposed device is
having A, ., = 70 x 50 um? whereas conventional Ay
con = 230 x 90 um?. Thus, from Eq. (4) Cyp_pro 18 around
6 times less than the C,, ¢, In order to determine the RF
response electromagnetic simulation has been performed
in Ansys HFSS™. Insertion loss of 0.01-0.10 and 0.02-
0.90 dB have been observed in case of presented design
and conventional switch respectively for the frequency
range from 1 to 25 GHz as shown in Fig. 3. Return loss is
also improved from 35.50-8.02 to 51.51-23.93 dB for the
novel switch as compared to conventional design in the fre-
quency range from 1 to 25 GHz as shown in Fig. 4.

Cup_pro/Cup_con = 70 x 50/230 x 90 ~ 1/6. 4)
3.2 OFF state response

In addition to reducing the up-state capacitance float
metal concept also allows to make asymmetric structures
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Fig. 3 Insertion loss of the proposed and conventional switch
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Fig. 4 Return loss of the proposed and conventional switch
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Fig. 5 Isolation of the proposed versus conventional switch
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Fig. 6 Return loss of the proposed versus conventional switch

on either side of the transmission line and thus isolation
peaks can be tuned to different bands. Figure 5 shows the
isolation characteristics of both devices. A peak value of
42.63, 44.22 dB has been observed at 7.2, 8.8 GHz when
left and right cantilevers are electro-statically actuated in
the down-state respectively. As resonant frequency is the
function of the capacitance and inductance, pulling down
the both cantilevers shift the isolation peak in K-band. A
peak value of 47.75 dB has been obtained at 16.5 GHz.
The conventional device has isolation peak only in
X-band.

Return loss during OFF state for both devices has been
shown in Fig. 6. Return loss is minimum when isolation
peak value is observed. As bridge structure is changed into
cantilevers, inductance in either side will increase and thus
the central capacitive area has been reduced by 56.52 %
in the proposed design, leading to the overall reduction of
about 16.7 % in the switch size.

3.3 Switches bandwidth

The switch bandwidth can be calculated from the lower
and the upper operating frequency. Lower frequency
(fy) is limited by the minimum isolation, whereas the
upper frequency (fy;) either by maximum insertion
loss or minimum isolation. For bandwidth calcula-
tion an acceptable maximum insertion loss of 0.2 dB
and minimum isolation of 20 dB has been chosen. It is
observed from Fig. 7 that upper operating frequency is
limited by insertion loss. Switch has f;, = 6.1 GHz and
fiy = 10.3 GHz. This results in a bandwidth of 4.2 GHz
in conventional design. Figure 8 shows the bandwidth
(fy — f, = 13.7 GHz) for the proposed device when both
cantilevers are in down-state. In case of left cantilever
down a bandwidth of 2.7 GHz has been obtained in C

@ Springer

0 - - T ~— ~— — 0.0
-A—Isolahon_convenhona’ switch
«—m=|nsertion loss_ conventional switch
104 :
rrrrrrrrrrrrrrrr -0.2
)
E 220 o e e i S
--0.4
$
g -30 4 S
= c
E ' --0.6 o
O -404 i H
KZ] 40 Bandwidth E
1 s @
: --0.8 —
504 e
f = 6.1GHz | fy=10.3 GHz
-60 T - T 1.0

v v ™ v T v v
0 5 10 15 20 25

Frequency (GHz)

Fig. 7 Insertion loss and isolation characteristics of conventional
switch
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Fig. 8 Insertion loss and isolation characteristics (both cantilever
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Fig. 9 Insertion loss and isolation characteristics (left cantilever
down)

and X bands as shown in Fig. 9. In right cantilever case
a bandwidth of around 3.9 GHz has been achieved as
shown in Fig. 10.
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Fig. 10 Insertion loss and isolation characteristics (right cantilever
down)
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Fig. 11 Pull-in voltage of the conventional and proposed device

In electro-mechanical response pull-in voltage is deter-
mined by doing FEM simulation in coventoreware™®. The
conventional switch has pull-in voltage of 13 V, whereas in
the proposed design left and right cantilevers have pull-in
voltage of 5.75, 6.75 V respectively as shown in Fig. 11.

4 Conclusion

A new type of capacitive shunt RF-MEMS switch has been
proposed and investigated. The considerable improvement
in insertion loss has been achieved as compared to the con-
ventional switch by utilizing the float metal concept. Isola-
tion peaks have been shifted in different bands by varying
the down-state inductance through asymmetric structures.
The capacitive overlap area is reduced by 56.52 %, leading
to the overall reduction of about 16.7 % in the switch size,
whereas pull-in voltage is reduced by 50 % as compared to

the conventional switch. Further, improvement of around 5
times in bandwidth has also been observed. The designed
switch can be useful for the future front-end reconfigurable
devices and sub-systems.
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