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Abstract— This paper presents a new design of MEMS 

coplanar waveguide (CPW) bridge membrane to realize a small, 
low-loss and fewer-cell phase shifter. In the proposed structure, a 
symmetrical bridge membrane is added to a universal 
distributed MEMS phase shifter. These additional bridge 
membranes are placed under the CPW. By using these structure, 
it is possible to increase the phase shift of a unit. Furthermore, 
the phase shift could be increased by employing a discrete 
capacitance on both ends of the bridge. The structure is 
simulated at 10 GHz using CST software. According to 
simulation results for all phase states the insertion loss is 0.5 dB. 
The employment of the proposed structure can considerably 
decrease the number of cells. As a result, the size and loss can be 
reduced.  
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I. INTRODUCTION  

MEMS (micro electro mechanical systems) phase shifter 
has the advantages of high quality factor, high isolation, low 
cost, low loss, easy to integrate and so on[1]. It is now a hot 
spot of research throughout the world[2]. Radio Frequency 
(RF) MEMS phase shifter can be divided into switch linear 
MEMS phase shifter, coupling MEMS phase shifter and 
distributed MEMS phase shifter according to the working 
principle. Among them, the switch line type MEMS phase 
shifter is simple in principle and easy to be realized, but it has 
the disadvantages of large insertion loss, large area and 
narrow bandwidth. The size of the coupled phase shifter is 
smaller than that of the switch line type phase shifter, and the 
utilization rate of the chip is high. The insertion loss of the 
coupling phase shifter increases with frequency. Meanwhile, 
due to the shorter length of the reflection ray, the process of 
the MEMS phase shifter switch becomes more complex, 
making it difficult. At present, the distributed MEMS phase 
shifter is that places bridge membrane above the CPW with 
same distance and controls the membrane height by the 
driving voltage, which changes the distribution of capacitance 
to realize the phase shift. However, in order to obtain good 
phase shift characteristics, a larger capacitance ratio is 
required. To increasing the capacitance ratio, many complex 
bridge structures have been studied, which have long 
transmission lines, therefore increasing loss. 

Based on the distributed MEMS phase shifter designed by 
predecessors, the Symmetric Double bridge membrane 
method is first proposed in this paper. A same phase shift can 
be achieved with a shorter transmission line, smaller bridge 
membrane deformation and fewer cells. Compared with the 
universal distributed MEMS phase shifters which the bridge 

membrane only above the CPW, increase the phase shift of a 
unit and the size is reduced.  

II. DESIGN AND ANALYSIS 

The distributed MEMS phase shifter periodically loads 
MEMS bridge membrane on high impedance microwave 
transmission line. Then, by adding certain DC drive voltage to 
change state (up state and down state) of the membrane, we 
get different MEMS bridge membrane capacitance, so as to 
achieve phase shifting. The MEMS distributed phase shifter is 
made up of many same MEMS bridges that span between two 
ground wires of CPW. Therefore, a cell of MEMS bridge 
membrane is the basic unit and the core of the design. The 
schematic diagram of the distributed MEMS phase shifter is 
illustrated in Figure 1. 

 
(a)                                                     (b) 

Fig.1. Schematic diagram of the distributed MEMS phase shifter (a) and 
working principle (b) 

The basic idea of the MEMS distributed phase shifter is to 
load the movable bridge membrane with high capacitance 
ratio on the CPW periodically, thereby by changing the 
distributed capacitance between the signal line and the ground 
and making the coplanar waveguide transmission line a slow 
wave system it can achieve the purpose of phase retardation. 
The size of the phase shift is determined by the capacitance 
ratio of the MEMS unit switch and the capacitance of the 
transmission line.  

 
Fig.2. symmetric double bridge membrane 

Now almost all of the MEMS CPW phase shifters are only 
loaded the movable bridge membrane periodically above the 
half space of the transmission line. On this basis, the 
symmetrical structure of the bridge membrane is loaded in the 
under the half space as shown in Figure 2. Thus, with the 
same bridge membrane structure, driving voltage and 



transmission line length, a larger capacitance ratio and phase 
shifting can be obtained. 

III. SIMULATION AND RESULT  

All the simulations in this paper are based on the frequency 
domain calculation method of CST software. The excitation of 
the simulation is the waveguide port. The boundary condition 
is the open space. There is no particular reason for the 
simulation frequency and the phase shift results. It's just for 
simplicity that 10GHz is chosen as the observation frequency. 

  
 (a)                          (b) 

Fig.3. Phase shift change of single side bridge membrane (a) and phase 
change of symmetrical double sides bridges at 10GHz (b). 

From the above simulation results, the phase shift of the 
single-sided bridge membrane in the up and down state of 
10GHz is 1.226 degrees, while the phase shift of the 
symmetrical double-sided bridge membrane is 2.287 degrees. 
The phase shift of the symmetric double-sided bridge 
membrane structure is approximately two times than that of 
the original one. Therefore, with the same bridge membrane 
structure, driving voltage and transmission line length, a 
larger capacitance ratio and a larger phase-shift volume can be 
obtained. 

In order to reduce the difficulty of the process and obtain 
the determined capacitance ratio, in the article [3] a discrete 
capacitance is connected to the MEMS bridge. Referencing 
this design, two discrete capacitances are connected at both 
ends of the bridge membrane to increase the capacitance ratio, 
and further increase the phase shift of the same structure, 
which shown in Figure 4. 
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(a)                                                                (b)  

Fig.4. (a) is the 3D structure (dielectric substrate is not displayed), and (b) is 
its cross-session view along line AB. 

 

Fig.5. Phase shift change with discrete capacitance 

The loaded discrete capacitor can increase the capacitance 
ratio and increase the phase shift. Fig. 5 is the simulation result 
of phase change after loading capacitance, and the phase shift 
is increased from 2.287 degrees to 4.043 degrees. This helps to 
further reduce the longitudinal size of the phase shifter. 

     
 (a)                                                 (b) 

 

     (c)                                                        (d) 

Fig.6. Multiple unit series diagrams and simulation results. (a) and (b) are 
the 3D structures with and without substrate, respectively. (c) and (d) are the 

results of phase change and insertion loss, respectively. 

The five cells are connected in series to form a controllable 
phase shifter, which can obtain 19.764 degrees phase shift to 
the max. Insertion loss in the up state is 0.039dB, 0.833dB 
when all cells’ bridge membranes are down. 

CONCLUSION 

The aim of this paper is to design a new structure of 
MEMS phase shifter, which has a shorter transmission line, 
smaller bridge membrane deformation and fewer cells. The 
simulation results show that the symmetric double bridge 
membrane structure proposed in this paper can achieve the 
purpose. With the same transmission line length, we can get 
nearly two times of the phase-shift. In this paper, the phase 
shift is further increased on the basis of the Symmetrical 
Double bridge membrane by loading discrete capacitance 
between the two ends of the bridge. It provides a feasible new 
idea and method for the design and optimization of MEMS 
phase shifter. However, this article has not discussed the 
opening voltage, as well as the optimization of the production 
process, still need further research and discussion. 
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