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ABSTRACT: Slot antennas are widely developed for reliable transmission and reception in a wireless communication 

system. In high-frequency telecommunications applications, slot antennas exhibit low profile design, ease of 

concealment, and high power transmission with omnidirectional radiation patterns. Some shortcomings still exist in the 

present research, such as single radiation frequency, narrow bandwidth, low power gain, poor power radiation, large 

size, and so on. For this reason, a novel reconfigurable CPW-fed slot antenna is proposed in this paper. A tuning 

quadrilateral ring slot coupled patch antenna with a stub is proposed to make the matching of the resonant frequency 

tunable. It is realized by adjusting the gap between the stub and the quadrilateral ring slot. Then, the MEMS actuator 

technology is used to drive the quadrilateral-ring slot path to move for a desired distance. Correspondingly, a desired 

radiation frequency will be achieved with the bias-driven voltage. The HFSS and ANSYS software are used for the 

microwave performance and mechanical displacement of the proposed tuning slot antenna. The results show that the 

displacement is 15.5 µm with a bias voltage of 40 V, and the frequency shifts from 59.79 GHz to 60.4 GHz, with the 

antenna peak gain of 8.16dBi (bandwidth is 151 MHz). The FEM results show that the 1st frequency is 492.79 Hz 

which proves the proposed movable system has good resistance to environmental vibration.  The researches in this 

paper prove a kind of design theory for a reconfigurable antenna owing to the virtues of miniaturization, low power 

consumption, and high reliability. 
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I. INTRODUCTION 

Slot antennas, which are typically used in wireless communications and radar systems, have gained increasing attention 

due to their compact size, low profile, and potential for frequency adjustability. This has led to the widespread in the 

design of many passive and active devices at microwave and millimeter-wave [[1] [2] [3] [4]. However, the present 

problem with solution research of slot antenna in frequency adjustment lies in archiving both broad bandwidths and 

precise control over the resonant frequency. To resolve those problems, the reconfigurable technology is widely 

developed in antenna design [5] [6]. Concerning the slot antenna, several methods have been proposed for this problem 

such as to modify the geometric shape or structure of the slot because of their unique electromagnetic effect in 

reflection and transmission electromagnetic waves. L. Jin [7] implements doping in parasitic elements to increase 

frequency tunability. Some researchers [8] [9] utilize frequency-selective surface materials to achieve frequency 

modulation. With this, slot antennas have enhanced impedance matching, broader bandwidths, and an aptitude to yield 

simultaneously unidirectional and bidirectional radiation patterns as compared to patch antenna [10][11]. In comparison 

with the microstrip feed, the slot antenna has low reliance on the characteristic impedance by the substrate thickness 

and is also easy to integrate with monolithic microwave integrated circuits. The slot antennas with coplanar waveguide 

feedlines have brought lots of attention in recent years [12] [13]. CPW-fed slot antennas [14] [15] and the impacts of 

the feed-slot interaction are investigated in the literature [16] [17]. However, the CPW-fed slot antenna is difficult to 

reconfigure due to an inset structure. Some research is focused on the complicated slot shape or dimension change [18]. 

However, those frequency reconfigurations rely on PIN diodes or correspond to the different samples. It is not a 

continuous adjustable method. 
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Concerning those problems, a tunable CPW slot antenna adjusted by a MEMS actuator [19] [20] [21] is put forward in 

this paper. The constant frequency tuning is realized by a constant applied voltage on the MEMS actuator. The slot 

antenna is built on a silicon device layer with a tuning rectangle-ring structure and a stub. The MEMS actuator is 

constructed in the device layer corresponding to the tuning ground structure. The gap between the tuning ground 

structure and the stub can be adjusted by the MEMS actuator. Therefore, the antenna’s operating frequency can be 

modulated dynamically. With a bias voltage of 40 V, the frequency can be altered in a 0.61 GHz frequency width. The 

proposed antenna has good radiation characteristics in both E and H planes. It proves a good structure for the research 

of reconfigurable antennae. Section II describes the configuration and design procedures of the antenna. Section III 

presents the simulation results and discussions. Finally, the paper is concluded in section IV. 

 

II. ANTENNA DESIGN AND PROCEDURES 

2.1. Antenna Design Scheme 
The 3D model of the reconfigurable antenna is shown in Figure 1. Figure 1(a) shows the 3D model and cross-section 

along AA’. It is constructed by three parts distributed on three layers. A CPW-fed slot antenna is fabricated on the top 

layer by the Au sputtering process. A larger view of the CPW-fed slot antenna is displayed in Figure 1(b). A tuning 

rectangle-ring ground structure is built and a stub is fixed inside it. The slot antenna is fed by the stub feed which is 

connected from the ground structure to the other end of the entrance of the CPW transmission line. The stub is then 

coupled to the end of the 50 Ω CPW transmission with a gap ‘g’ between the signal strip and the coplanar ground 

structure. The stub is a minimal distance ‘S’ away from the edge of the ground structure in the center of the rectangle-

ring slot. Under the Au layer, it is a silicon device. Between them, the SiO2 layer is set to form electric isolation. A 

movable silicon platform is fixed under the tuning rectangle-ring ground structure in the Si device layer. It is anchored 

by two pairs of fold-beam to the silicon body. Around the movable platform, the movable comb fingers are arranged on 

it while the fixed comb fingers are arranged on the main Si body. The MEMS actuator is formed by the fixed and 

movable comb fingers to drive the movable platform. The whole 3D structure in the device layer is fabricated by the 

DRIE process. The bottom layer is a silicon substrate, which supports the above parts. With a bias voltage on the 

MEMS actuator, the movable platform can move according to the input electric signal. The detailed symbol meaning 

and parameter value are represented in Table 1.  

 

 

 
 

Figure 1: 3D model of reconfigurable antenna 
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Table 1: OPTIMIZED PARAMETER 

S/N Symbol Meaning Dimensions / µm 

1 G Side Length of the ground plane 2 x 10
3
 µm 

2 L 
Length of the Square radiating 

slot 
1.5 x 10

3
 µm 

3 W Width of the tuning stub 750 µm 

4 L1 Length of the tuning stub 610 µm 

5 Wf Width of the fixed metal strip 55 µm 

6 g 
Distance between the stub feed 

and the ground structure 
45 µm 

7 S 
Distance between stub and edge 

of ground structure 
40 µm 

 
 
2.2. MEMS Working Principle 
The structure of the MEMS design is demonstrated in Figure 2. It contains comb drive transmissions, fold beams, and 

other structures. The MEMS actuator is driven by comb-like electrostatic electricity which converts the electrical signal 

into vertical displacement changes, to realize continuous adjustment of the antenna's frequency. The folding beam is 

connected between the fixed comb finger and anchor to control mechanical displacement, as compared to a straight 

cantilever beam. The coefficient of elasticity is reduced, which in turn reduces the driving voltage. The comb 

transmission is divided into two parts, which are the moving comb finger and the fixed comb finger. By injecting 

opposite charges into the two groups of combs, and using the attraction between the electrode plates with anisotropic 

charges, the relative motion of the electrode plates is controlled by controlling the number of charges. It has low power 

consumption, short response time, easy to complete higher frequency drive, and the structure is also easy to implement. 

The movable comb fingers are supported by the fold beams and are equity staggered with the fixed comb (the spacing 

is gcomb). The overlapping length of the fixed comb finger and the movable comb finger is Xcomb. The length of the 

comb finger and the overlap determine the maximum stroke of the drive. The comb parameters and fold beam values in 

the device are represented in Table 2 and Table 3 respectively. The formula for calculating this force is expressed in 

equation 1: (decomposing other functional structures to indicate their specific structure and function). 

 

 

F =  
𝟏𝟐 . V

2
. 

𝝏𝒄𝝏𝒙 = 
𝒏𝒄𝒐𝒎𝒃 .ℇ.  𝒉𝒄𝒐𝒎𝒃.𝑽𝟐 𝒈𝒄𝒐𝒎𝒃    ____ (Equation 1) 

Where ncomb is the pairwise number of comb teeth, ℇ is the relative permittivity between plates, and C is the capacitance 
value of the plate between the overlapping combs fingers, with the fold beams coefficient calculated as expressed in 

equation 2: 

 

K   ≈   
𝟒𝟖𝐆𝐉 (𝐋𝐚)𝟐(𝐧𝐛𝐞𝐚𝐦)𝟑 (𝐆𝐉𝐋𝐚𝐄𝐈𝐱  + 𝐋𝐛)     _____ (Equation 2) 

Where G is the torsional modulus, IX is the moment of inertia, J is the torsional constant, and E is the modulus of 

elasticity of the shape beam material. When considering the residual stress, the elastic coefficient calculations are 

extremely complex and so, they are often solved by AnsoftHFSS software. When 0K, after the electrostatic attraction 

F, and the elastic coefficient k of the folding beam, it can be determined by Hooke's theorem. Hence, the displacement 

generated by the electrostatic comb drive can be obtained. 
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Figure 2: Schematic of the electrostatically driven comb structure 

 

TABLE 2: DRIVING COMB PARAMETER OF MEMS 

Parameter 

Comb 

finger 

Length / 

µm 

Comb 

finger 

Width / 

µm 

Comb 

number 

Comb finger 

Thickness 

µm 

Cantilever 

Length / 

µm 

Cantilever 

Width / 

µm 

Value 250 µm 4 µm 220 50 µm 2287 µm 6 µm 

 

 
TABLE 3: PARAMETERS OF FOLD BEAM 

Device layer number Beam parameter Value 

1 

Beam Length (Lbeam1) / µm 125 µm 

Beam Thickness (hbeam1) / µm 3 µm 

Beam Width (tbeam1) / µm 40 µm 

Number of beams(n3) 11 

2 

Beam Length (Lbeam2) / µm 120 µm 

Beam Thickness (hbeam2) / µm 3.3 µm 

Beam Width (tbeam2) / µm 40 µm 

Number of beams(n4) 11 
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III. RESULT AND DISCUSSION 

3.1. Static State 
The antenna is simulated by HFSS software and the result is successfully obtained and displayed in Figure 3. When the 

spacing between the tuning stub and quadrilateral ring slot is S = 40 µm, the return loss at S11 < -10 dB records -45dB 

and -36dB at a frequency range of 59.72 to 59.84 GHz with a bandwidth of 151MHz, and from 60.3 to 60.5 GHz with a 

bandwidth of 204MHz.  

 

 
 

Figure 3: S11 results of return loss  

 
3.2. Current distribution and Radiation Pattern of the tunable antenna 
The surface current distribution on the tuning stub and the electric field distribution on the square slot of this antenna 

are determined by HFSS software. It can be seen in Figure 4(a) and (b) that, the current distribution radiates on the top 

patch side and the feedline on the bottom side of the substrate at 59.8 and 60.4GHz. At 60.4 GHz, the radiation from 

the vertical component of the electric field is dominant, and the cross-polarization is largely due to the horizontal 

components of the electric field. Thus, for the present design, these two frequencies are expected to have very few 

similarities in broadside radiation characteristics along the E-plane (y-z plane) and H-plane (x-z plane) as illustrated in 

Figure 5. From the results, the shift in frequencies has alike polarization planes and radiation patterns. With this, the 

radiation pattern of the antenna is omnidirectional. The determined maximum and minimum gain of the antenna in the 

broadside direction is 8.16 and -11.33dBi respectively (Figure 4 c). It can also be seen that both plane patterns show 

relatively large radiation cross-polarization, which is due to strong horizontal components of the surface current and the 

electric field. This has led to a significant rise in cross-polarization in radiation. 

 

    
Figure 4: (a) Current distributions on the tuning stub at 59.8 GHz, (b) Electric Field distribution on the square slot at 

60.4 GHz, and (c) Maximum and minimum gain of the antenna 
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Figure 5: Radiation Pattern of E and H Plane 

 
3.3. Mems comb actuator simulation and discussions 
Table 2 shows the parameters of the electrostatic comb driver and structure, a maximum driven voltage of 40 V is 

loaded between the combs. By using ANSYS software, the elastic system of the fold beam obtained is 1.2 N/m, and the 

coefficient of elasticity of the bottom beam is 1.8 N/m, such that from Hooke's theorem the displacement of the comb 

driver and the driving voltage can be obtained. To get the control voltage of the MEMS actuator, AnsoftHFSS software 

is used for simulation. It can be seen in Figure 6, that the shifts are all 15.5μm with a stress of 40.0 mpa, which implies 
a depression relationship. When 15.5 μm is attained, the structure of the device layer is obtained.  Hence, the moving 
distance is within the range of the MEMS comb finger, which can meet the requirements of the adjustable antenna 

frequency for the displacement of the microactuator.  

Materials type: Monocrystalline silicon, Breaking stress 600mpa to 7.7gpa [22]. 

 

 
Figure 6: Maximum Displacement and stress cloud maps for movable part 

The relationship between the displacement of the MEMS driver and the voltage is seen in Figure 9 a. The displacement 

of the MEMS actuator from 0.968 to 15.5 µm is accurately controlled by adjusting the voltage in the range of 10 to 40 

V, and the control of any resonant frequency is realized as shown in Figure 9 b. To ensure the reliability of MEMS 
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actuators, the mechanical properties of the MEMS actuators are simulated. Table 4 shows the frequencies of the first 

four orders, with their corresponding MEMS modal schematically illustrated in Figure 7.  

 

TABLE 4: FREQUENCIES OF THE FIRST FOUR ORDERS 

Mode First Second Third Fourth 

Frequency 492.79 638.01 841.8 1589.9 

 

 

 
 

 
Figure 7: Results of the (a) First frequency mode, (b) Second frequency mode (c) Third frequency mode (d) Fourth 

frequency mode 
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3.4. Dynamic modulation of the reconfigurable antenna 
The microwave performance of the proposed antenna is simulated successfully using HFSS software. With a variation 

of the S parameter, the corresponding returns loss results are displayed in Figure 8. When the spacing between the 

tuning stub and the quadrilateral ring slot is increased from 40 to 60µm, the return losses at S11 < -10 dB fall below -

12dB, and there is a drop in the bandwidth from 204 to 155MHz (0.334 to 0.256%). Furthermore, when the spacing is 

increased from 60 to 65, the return loss records fall below 14dB, and there is a slight rise in the bandwidth from 155 to 

170 MHz (0.256 to 0.28%). This demonstrates a broad bandwidth with a continuously changing frequency range from 

59.72 to 60.8 GHz. To obtain good RF performance of the antenna, the impedance matching of the antenna is 

increased. 

 
 

Figure 8: Return loss for various S parameters 

 

 
 

Figure 9: Dynamic modulation results 

 

IV. CONCLUSION 

The design of a proposed miniaturized reconfigurable CPW antenna with a widened tuning frequency region based on 

MEMS technology has an overall size of 2 mm x 2 mm, which makes it good for miniaturization. The antenna is 

printed on a silicon substrate material. The proposed antenna shows a good performance in terms of return losses. To 

achieve a good impedance match for this proposed antenna, the gap between the stub and the quadrilateral ring slot is 

altered mechanically at certain displacements to realize the desired radiation frequencies which is achieved by a bias 

voltage of 10 to 40V. At a bias voltage of 40V, the MEMS actuator performs a maximum displacement of 15.5 µ m 

driven by a stress of 40mpa, and the frequency of the antenna shifts from 59.79GHz to 60.4GHz. Based on the mm-

wave band range, this proposed antenna is suitable for high-speed wireless communications and radar systems. 
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