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Abstract - This paper researches an ultra-wideband RF
MEMS Single—Pole-Four-Throw (SP4T) switch with four
shunt-configured, resistive-contact, MEMS cantilever switches.
Detailed design and synthesis procedure are provided and the
proposed SP4T switch is implemented. The simulated and
measured results, where an excellent agreement is obtained,
show that an insertion loss is less than 0.8dB and the return loss
of every route is better than 24 dB and a minimum isolation is
less than 40 dB over the entire band of 1-5GHz. This SP4T
switch is actuated by a DC-voltage of 35-45 volts with little
current.

Index Terms —single-pole-four-throw (SP4T) switch, RF
MEMS cantilever switch, microwave printed circuit board
technology.

1. Introduction

Nowadays, ultra-wideband technology has been getting
popular for the high-speed wireless system. As one of the
essential components in ultra-wideband system, the switch
device using RF MEMS technology is the most attractive
part than PIN or field-effect transistor diode switches.
MEMS switch devices provide better performance than the
conventional semi-conductor technology in terms of low
loss, high isolation, (flat) delay and (small) size. Therefore,
RF MEMS switch has increasingly been paid more
attention.

Since 1997, the first RF MEMS cantilever-switch was
researched as in [1], more and more researchers have
focused on wideband MEMS application technologies, such
as broadband phased-array antenna, reconfigurable switch-
network and broadband devices, instead of RF MEMS
switch itself. Because ultra-wideband technology not only
improves system performance but also reduce the cost of
radar system. We found that RF MEMS switch in
monitoring system can develop its advantage and has a
pleasant prospect. MEMS switch can be successfully
applied in the broadband radar system, double-frequency-
band radar and so on.

In recent years, numerous research efforts of RF MEMS
single-pole-single-throw switch have been reported as in
[2]-[3]. After them, Schauwecker proposed Single-Pole-
Double-Throw switch as in [4] and Farinelli reported RF-
MEMS SPDT switch on silicon substrate as in [5].
However, few MEMS single-pole-multi-throw switch have
been presented in the literature. In 2004, Hamad proposed a
wideband SP3T RF MEMS switch as in [6]. In 2003,
Daneshmand gave the fabrication and modeling of an SP3T
RF MEMS switch as in [7]. In this paper, we presented the
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design and fabrication of MEMS single-pole-four-throw
(SP4T) switch. With the accurate model of MEMS switch
and simulation in ANSOFT, the measured results agree
with the simulated results well. This paper presented the
design techniques, circuit fabrication, simulation method,
simulated switching performance and experimental results.

2. The design of RF MEMS switch
(1) The theory of MEMS SP4T switch

The circuit of MEMS SP4T switch is shown in Fig.1.
The input or output ports are 50ohm micro-strip lines. First,
in order to match the input impedance which including four
shunt-configured capacitances of MEMS switches, Port 1
connects a series inductance which is 150um-width and
Imm-length. Next, the line of portl is divided into three
branches. The middle branch connects a cross-shaped tie
and is divided into two ones. So the matched four outputs
of SPAT switch are realized. In fact, each branch is high
impedance line. Thirdly, each of four routes has a MEMS
cantilever switch in series its transmission line. At last we
simulate it.

Fig. 1. The photograph of the MEMS SP4T switch.
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Fig.2. The photograph and theoretical illustrate of the
MEMS cantilever switch

(2) The design of RF MEMS switch

The most important component in SP4T switch is MEMS
cantilever switch. Fig.2 shows the photograph and principle
of the MEMS cantilever switch. The size of MEMS switch
is Immx1.Immx0.4mm. When the voltage between up and
down electrodes is over the valve-voltage of MEMS switch,
the cantilever is pulled down to the micro-strip metal line
and the branch is in “ON” state. Whereas, if there is no



voltage between electrodes, the cantilever is hung in the air
and the switch is in “OFF” state and the branch is closed.

(3) The simulation of MEMS SP4T switch

Fig.3 shows the simulation model and circuit of the
MEMS SP4T switch. We analyze one of four branches.
When the MEMS switch Stl is on “ON” state and switches

(St2-St4) are all on “OFF” state, the RF signal inputs in the
port2 and the others are closed. In the meantime, Port2,
port3, port4, and port5 are all isolated. We try it one by one
and synthesize the entire circuit.

pore2 L oo

cz

=+ ports

CcZ .

|_.1:—]._¢ portd

CcZ [ 7o

Fig.3 The schematic of MEMS SP4T switch

The simulation module of MEMS cantilever switch is the
most difficult to us in the design. We haven’t known the
accurate feature of MEMS switch. Maybe we’ll have its
accurate simulation model through a mass of application
research. That’s the aim of our work. In order to gain
accurate design, we first test the S-parameters of MEMS
cantilever switch using a probe-tester. But the precondition
is MEMS switch is regarded as two-port network. We
obtain two groups of S-parameters for the “ON” or “OFF”
states before simulating. Then we simulate optimize SP4T
device with the software (ANSOFT). The simulated results
are shown in Fig.4.
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Fig.4 The simulation results of MEMS SP4T switch
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Fig.6 The measured result of isc;lation of MEMS SP4T

3. The experiment results

The route of SP4T switch is actuated by a DC-voltage
(35-45V) with little current and others are not actuated. The
measured curves of the individual branch are shown in
Fig.5-6. The measured insertion loss is less than 1dB within
1-5GHz, which including a pair of SMA connectors. The
input and output VSWR for the route are all less than 1.1 in
Fig.5, equally return loss over 25dB. The isolation between
ports is greater than 40dB shown in Fig.6. Generally
speaking, the measured results agree well with the
simulated results.

4. Conclusion

An ultra-wideband MEMS SP4T switch device is
developed in this paper by using MEMS cantilever switch.
The ultra-wideband SP4T switch circuit can be well
designed. Moreover, the agreement between simulation and
measured results verifies the proposed the design. Due to
its simple structure and attractive performance, the MEMS
SPAT switch is suitable for the applications in the ultra-
wideband radar.
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