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Abstract: A low-loss single-pole-double-throw (SPDT) switch circuit using lateral RF MEMS switches 
has been developed on glass to operate from DC to 20 GHz. High compactness and low loss can be 
obtained by use of the lateral switches and coplanar waveguide (CPW) configuration. The circuit 
provides > 24-dB isolation and < 0.9-dB insertion loss up to 20 GHz. The pull-in voltage of the switch is 
only 12.4 V, with a switching-on time of 35 s and a switching-off time of 36 s. A single-mask silicon-
on-glass (SiOG) fabrication process has been developed to fabricate the SPDT switch circuit on glass, 
which has the advantages of low loss and high yield. The whole circuit has a size of  1.64 mm  1.3 mm. 

Keywords: SPDT, low loss, RF MEMS, silicon-on-glass 

1. INTRODUCTION 

With the advent of wireless and portable 
communications, there is steady increase in the 
demand for low-cost, miniaturized RF and 
microwave devices and components. Radio 
frequency microelectromechanical systems (RF 
MEMS) can significantly reduce the size, weight, 
loss and power dissipation of RF components and 
exhibit a high potential in these areas [1-3]. In this 
paper, a novel lateral single-pole double-throw 
(SPDT) switch circuit based on the Si-core metal-
coating CPW and the lateral switch is designed 
and fabricated. The SPDT switch circuit exhibits 
low loss and high isolation up to 22 GHz. The 
pull-in voltage is only 12.4 V. A simple one-mask 
substrate transfer process is developed to fabricate 
the SPDT switch circuit on the glass substrate.  

2. SPDT SWITCH CIRCUIT DESIGN  

The SPDT switch circuit consists of a CPW T-
junction and two lateral switches, as shown in Fig 
1. One lateral switch is located at each of the 
output arms of the T-junction. The lateral switch 
consists of a clamped-free cantilever beam and a 
fixed electrode, as shown in Fig 2. The design 
details of the lateral switch have been presented in 

our previous work [4]. The cantilever beam is a 
beam-mass structure. The anchor of the cantilever 
beam is the output port of the circuit. The two 
cantilever beams are parallel and share one 
common ground line between them. At the mass-
part of the cantilever beams, the common ground 
line protrudes toward two cantilever beams 
respectively to serve as their common fixed 
electrode. The gap between the cantilever beam 
and the fixed electrode is 4 m, a little larger than 
that between the free end of the cantilever beam 
and the contact bump, 3.5 m. The design  
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Fig. 1 SEM micrograph of a SPDT switch circuit. 
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Fig 2. Schematic of top view of a cantilever-beam 
type  electrostatic actuator. 

Table I Designed and fabricated dimensions of the 
lateral switch actuator 

Parameters  Designed
value (µm) 

Fabricated
value ( m)

Beam length, l1 260 260 
Electrode length, l2 210 210 
2nd mass length, l3 23.5 24 
Beam width, w1 2.5 2.6 
Mass width, w2 5 5.2 
Electrode gap, g0 4 4.45 
Contact gap, d0 3.5 3.95 
Thickness, T 50 53.6 

Fig 3. Surface current distribution on the SPDT 
switch circuit with one switch open and the other 
switch closed. 

dimensions of the cantilever-beam type 
electrostatic actuator are listed in Table I. In 
operation, a sufficient bias voltage is applied 
between the signal line and ground lines at output 
port 1. The cantilever beam is pulled by the 
electrostatic force and moves towards the common 
fixed electrode until its free end touches the 
contact bump at the T-junction. Figure 3 shows the 
surface current distribution as the lateral switch 1 
is closed and the lateral switch 2 is open. It shows 

that the RF signal propagates from port 1 to port 2 
and little signal goes to port 3. The surface current 
mainly flows along the sidewalls of the switch 
structure. Similarly, when the lateral switch 2 is 
closed, RF signal propagates from port 1 to port 3 
and little goes to port 2. 

3. FABRICATION PROCESS 

The switch circuit is fabricated on a glass 
substrate using a substrate transfer process. The 
process flow is shown in Fig. 4. It begins with the 
deposition and patterning of a 2- m-thick silicon 
dioxide (SiO2) layer on a high resistivity silicon 
wafer. Then, 50-70 m thick high-aspect-ratio 
silicon structures are etched via deep reactive ion 
etch (DRIE) process. After removal of SiO2 using 
reactive ion etching (RIE) process, a 2000-Å-thick 
thermal SiO2 is grown to cover everywhere 
(Figure 4(a)). Next, the silicon wafer is bonded to 
a glass wafer using anodic bonding technique 
(Figure 4 (b)). Then, the silicon wafer is thinned 
from the backside in two steps. First, grinding and 
polish are used to thin silicon rapidly until the 
deepest trenches expose (Figure 4 (c)). Second, 
35% potassium hydroxide (KOH) solution at 40 
C is used to etch silicon until all structures 

expose to the air (Figure 4 (d)). The thermal SiO2
can protect the sidewalls of the exposed silicon 
structures from erosion of KOH solution. After 
removal of the exposed SiO2 in the buffered oxide 
etchant (BOE), the wafer stack is dipped in the 
hydrofluoric acid (HF) solution for 30 minutes to 
etch glass and release the movable structures 
(Figure 4 (e)). At last, 1.2 m gold (Au) with 1000 
Å chromium (Cr) as adhesion layer is coated on 
the silicon structures using E-beam evaporation. 
Optionally, a shadow mask can be used to coat 
metal at selected areas (Figure 4 (f)). Two 1-mil-
thick gold wires are bonded between the common 
ground line and the other two ground lines to 
balance their potential and reduce the RF loss.

The SEM micrograph of a SPDT switch circuit 
before wire-bonding is shown in Figure 1, which 
has an area of 1.64  1.3 mm2. The yield of this 
process is > 90%. Figure 5 shows a SEM 
micrograph of the cross sectional view of a silicon 
wire. A cavity is formed in glass due to the glass 
self-aligned etching. The vertical etching depth of 
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Fig 4. Fabrication process flow. 

Fig 5. SEM micrograph of the cross sectional view 
of a Si structure after the whole process. 

glass is 5.7 m and the lateral etching width is 
10.2 m. The sidewall of the structure is coated 
with Au tightly and uniformly. Due to the step 
coverage of the evaporation, gold on the sidewall 
(0.45 m) is thinner than on the top (1.2 m).  

4. EXPERIMENTAL RESULTS AND 
DISCUSSIONS 

After fabrication, both mechanical and RF 
characteristics were measured. Figure 6 shows the 
measured pull-in voltages of the lateral switch is 
12.35 V, which is close to the calculation result, 
12 V.  Figure 7 shows the measured switching-on 
time is 35 s as the applied voltage is 30 V. The 
switching-off time is 36 s.

Figure 8 shows the zoomed view of the contact 
part of a cantilever beam after tens of switching 
cycles. The contact is a small point at the top of 
the cantilever beam sidewall, instead of the whole 
depth. That is because the cantilever beam is not 
absolutely straight due to the restriction of the 
evaporation process. The metal deposited at the 
upper side of the cantilever beam is slightly 
thicker than that at the bottom. Therefore, the gap 
between the cantilever beam and the contact bump 
on the upper is slightly narrower than the bottom. 
The contact point is less than 1 m × 0.7 m in 
area. It is easy to realize effective contact since the 
contact force focuses on this small point. The 
measured DC contact resistance is 1-2  as the 
contact force is about 100 N.
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Fig 6. The experimental displacement of the free 
end of the lateral switch with the voltage. 
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(a)  switching-on 

(b) switching-off 

Fig 7. The experimental results of the switching 
performance of the lateral switch. 

Fig 8. SEM micrograph of the contact point on the 
cantilever beam 

The measured RF characteristics of the SPDT 
switch circuit is shown in Figure 9. The insertion 
loss is 0.6 dB at 10 GHz and 0.9 dB at 20 GHz. 
The return loss is 23 dB at 10 GHz and 17 dB up 
to 20 GHz. The isolation is 26 dB at 10 GHz and 
higher than 24 dB at 25 GHz. 

Fig 9. The experimental RF performance of the 
SPDT switch circuit. 

5. CONCLUSIONS 

A low-loss SPDT switch circuit using RF 
MEMS lateral switches is designed and fabricated 
on the glass substrate.  The pull-in voltage is only 
12.35 V. The switching speed is 35 s to turn on 
the switch and 36 s to turn off the switch. Up to 
20 GHz, the circuit has an insertion loss of < 1 dB, 
a return loss of > 17 dB and an isolation of > 25 
dB. This SPDT switch circuit can be used in the 
transmitting/receiving circuit for wireless 
communication applications. The single-mask 
substrate transfer process has the advantages of 
low loss and high yield. 
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