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Abstract 
A wideband (25-35GHz) Ka-band SPDT switch using MEMS 
on GaAs MMIC process is designed, fabricated and tested on-
wafer. The switch exhibits a measured insertion loss of 
0.9±0.1dB, over the band, with isolation of 18dB minimum. The 
return loss at ports is more than 17 dB. The switch is controlled 
using two terminals connected to actuating pad of each MEMS 
switch. The advantage of MEMS on GaAs MMIC process is on-
chip integration with high performance GaAs MMICs. The 
switch is designed and simulated using 2.5D and 3D field 
solvers and simulated & measured results are presented and 
compared. This switch consumes negligible power. 
 
Keywords: MEMS, MMIC, SPDT, Switch, Ka-Band, GaAs, 
SoC, High linearity. 

I.   INTRODUCTION 

Microwave switches play a vital role in a radar 
technology as well as in communication systems. They are 
used in a variety of applications, such as in satellite 
payload for selection between main and redundant sub-
systems, in digital attenuator and phase shifters for 
selecting reference & attenuating/phase-shifting paths, and 
in transmit-receive modules with common antenna. 
Microwave switches can be implemented using FET, PIN 
diode, waveguides, etc [1]. Lately, MEMS based switches 
have exhibited very low insertion loss & excellent isolation 
in microwave frequencies with very small foot print in line 
with FET and PIN diode switches. Like solid state 
switches, MEMS based switches can easily be integrated 
with GaAs or Si based high performance MMICs [2]. 

Keeping in view the demands of the application, one of 
the above elements can be used to construct an SPDT 
switch. For satellite based subsystems where, along with 
performance, space, mass & power budget is of prime 
concern, solid state switches are used. Complex biasing 
network requirements of PIN diode switches & high 
insertion loss of FET based switches [1] at high 
frequencies like Ka-band & beyond, give enough impetus 
to explore the possibility of MEMS based switches [3].  

In this paper, MEMS on GaAs MMIC process has been 
used to demonstrate a low loss solution to redundant dual 
LNA application at Ka-band. The same MMIC process is 
also used to develop the Ka-band dual LNAs. This ensures 
that in next step, the MEMS switch can be integrated with 
dual LNA to give a bond-wire free single chip 
configuration with redundancy at Ka-band. 

The front-end of Ka-band payload consists of a 2:1 
redundant Ka-band LNA MMIC along with an SPDT 
switch, as shown in Fig. 1. These two LNAs are designed 
using GaAs/InAlAs based 0.13 um MHEMT MMIC 

process, and are fabricated on a single chip. This MMIC 
has two RF inputs and two outputs.  

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Block diagram of Ka-band dual LNA with input MEMS 
SPDT switch on GaAs 

The input of Ka-band dual LNA has a low loss SPDT 
switch & output is combined with a hybrid. For achieving 
a compact, reliable and parasitic free (as described earlier) 
solution, the Ka-band MEMS SPDT switch is fabricated on 
the same GaAs substrate. The details of design are 
presented in next section and the performance is discussed 
in section-III. 

II.   DESIGN METHODOLOGY 

The target specifications of the Ka-band SPDT Switch 
are as below: 

TABLE I 
MAJOR SPECIFICATIONS 

Parameters Unit Specifications 
RF Frequency Band GHz 25 – 35 
Insertion Loss, Max. dB 1.0 
Isolation, Min. dB 18 
Insertion Loss Variation dB ± 0.1 
Input/Output Ports Impedance Ohms 50 
Return Loss at I/O Ports, Min. dB 18 
Actuation Voltage V 70 ±2 

 
MEMS cell EM model: A direct contact type MEMS cell 

is used as a basic switching element for designing the 
SPDT to meet the specifications in Table I.  The MMIC 
process offers a SI GaAs/InAlAs substrate over which the 
MEMS cell is fabricated [4]. A designed cell layout is 
shown in Fig. 2. The cell is modeled with MEMS 
cantilever, pillar, contacts and actuation layer information 
along with existing MMIC layers and simulated with mesh 
frequency of 150 GHz, i.e, five times the frequency of 
operation. The same structure is modeled in 2.5D EM 
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