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Abstract: 

With the constant changing of technology, frequency reconfigurable antennas are an important 

innovation to the RF world.  The new device limits the physical space used by eliminating the need 

for multiple antennas.  This is especially vital in mobile devices such as cell phones that receive 

multiple frequency bands like cellular tower reception, Wi-Fi, and GPS.  The other alternative to 

frequency reconfigurable antennas is a wideband antenna; however, wideband antennas receive 

large frequency ranges introducing noise to the system.  Frequency reconfigurable antennas 

narrow the bandwidth to specific frequencies, typically reducing the amount of noise for the 

signal. 

A side-goal of the project is to incorporate the use of micro electromechanical switches (MEMS) to 

control the resonant frequency of the antenna.  MEMS are relatively new devices that are biased 

via Gate-Source voltages.  The benefits of using MEMS over RF transistors are the very small 

package size, high isolation loss, and low insertion loss.  The goal of this project is to create a 

frequency reconfigurable antenna system to switch between two commercially available GPS 

frequency channels. 
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Chapter 1:  Introduction 

The goal of this project is to develop an antenna that has the capability of changing its resonant 

frequency and match the received signal to 50Ω. The two frequencies chosen to switch between 

are both commercially available GPS signals that occur at 1.227GHz and 1.575GHz. The system 
will have two varying sized patches, with lengths ½λdesired. These patches will be use various 

switches in order to create a minimalist system (refer to Figure 1-1) 

 
Figure 5-1: Basic design of the reconfigurable antenna for two GPS frequencies using Linear 
Polarization and inset feed matching. 
 

Chapter 2:  Literature Review  

The combinations of antenna types, antenna design, switching devices, and impedance matching 

networks are nearly endless.  Through research of various reconfigurable antennas, the goal is to 

narrow the choices by creating an antenna system that is simple yet effective. 
 

Detailed Description: 

Reconfigurable antennas present a new option for antenna capability and technology in 

wireless devices. They require less space and increase functionality of an antenna system. 

Reconfigurable antennas are a single system that accesses multiple frequencies through 

various switches, patch antennas and patch networks. This eliminates the need for multiple 

antennas or wideband antennas. Multiple antennas take up more space, as they require an 

antenna for each use, and are always on. Wideband antennas, due to their inherent wide-

bandwidth, receive more noise at a specific frequency than a single patch antenna. The 

reconfigurable antenna is an alternative solution to these possible antenna options that we 

seek to design and analyze its performance. 



The premise of the design is simple. The longer the resonant length of the patch antenna the 

lower the resonant frequency becomes. The width of the patch antenna controls the impedance 

of the patch antenna. If we have two nearby patch antennas with small RF switches (RMSW201 

MEMS) in between them, biasing the switches will connect the patches together, thus changing 

the frequency being received. The same switching system can be used to match the impedance 

of the antenna by adjusting the lengths in the double stub impedance matching network. 

Therefore, we can use identical RF switches in interconnecting the patch antennas and to also 

interconnect an impedance matching network stub. The biasing signals of the patch antenna 

switches and impedance matching network switches can use the same signal to alter the 

frequency being received by the reconfigurable antenna. This switching will be done through a 

+5V to -90V DC-DC Converter to bias the RMSW201 MEMS Switch. 

 

MEMS Operation: 

The operation of MEM switches is relatively simple.  Like a MOSFET, there are gate, drain, and 

source terminals.  There is a cantilever beam connected to the source and floats above the gate 

and drain (refer to Figure 6-1).  When a biasing voltage (gate-source voltage of +/- 90VDC) is 

applied to the gate, the difference in voltage creates an attraction that pulls the cantilever beam 

down to the drain causing a source to drain connection.  In other words, when the switch is 

biased, patch 1 is connected to patch 2. 

 

Figure 6-1:  RMSW201 MEMS Cantilever beam diagram.  A gate to source voltage of +/- 90VDC 

brings the cantilever beam down to contact the drain. 

 

In order to use MEMS for our application, we must insure that the DC voltage of the source and 

drain are 0VDC while minimizing interference with any RF voltages.  This will give a stable gate to 

source voltage for the switch.  This can be done by adding in large resistors or inductors from the 



source and drain (Patch 1 and Patch 2) to DC ground.  According to the MEMS’ manufacturer 

RadantMEMS, a resistance of 40kΩ to 100kΩ is suggested for the source and drain (refer to Figure 

7-1).  100kΩ will be used to minimize the effects on the RF signals present in the antenna. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-1:  RMSW201 MEMS suggested load resistors or inductor placement to stabilize the DC 

voltages of the source and drain to 0VDC. 

 

Patch Antenna Design: 

Our patch antenna was designed based upon an ideal rectangular patch antenna.  Initially two 

rectangular patches were designed, one for each desired frequency.  The width for each was held 

constant but calculated based upon 1.575 Ghz and the RO3010, by use of the following equation: 

W = c/(2fo*√((εr+1)/2)).  The width that was calculated was 40.25 mm, this width was used to 

maintain proper impedance matching.  Next length for each patch was determined through the 

following equation: L = c/(2fo*√(εr)) – 2ΔL where ΔL is defined: 

ΔL = 0.412h*[(εeff + 0.3)(W/h + 0.264)]/[( εeff – 0.258)(W/h + 0.8)]. 

From these equations are Lengths were determined to be L1.575 = 29.27 mm & L1.227 = 37.72 mm.  

After these calculations were made both antennas were designed in ADS and simulated to check 

for proper resonance and adjust the measurements to ensure proper resonance. 

 

After the two rectangular patch antennas were created initial implementation of a singular 

reconfigurable antenna began.  The design allowed for the initial patch to maintain 40.25mm 

width and an adjusted length of 29.98mm with a gap of roughly 3mm for MEMS implementation 

and a secondary patch that was tuned to the size of 1mm in length with a width of 40.25 mm.  This 

took several iterations to ensure the proper values of each patch to maintain proper resonance.  

To properly simulate both patches we assumed a simple wire connection between the two 

patches for 1.227Ghz and an open gap for 1.575Ghz, as seen on the next page. 



 

 

Figure 8-1: Patch Antenna design for simulation before Inset feed: 1.575 (left) 1.227 (right) 

 

Inset Feed Design: 

For finalized patch antenna design we needed to implement a matching network that would allow 

for a match to a 50Ω microstrip line.  To do this we determined it would be best to use inset feed 

matching.  For inset feed matching a microstrip line is inserted into a small slit into the middle of 

the rectangular patch, the size of the slit and location of the feed point determine the impedance 

that is matched. 

 

Figure 8-2: Rectangular Patch Antenna with Inset Feed line  

(courtesy http://taslimi.ws/cv_files/Project_wa.pdf) 

 

For inset feed matching the following values needed to be determined: Thickness of the mircostrip 

feed line (Wo), the inset feed width (W1), and the inset feed length (y0).  To properly match our 

impedance to 50Ω the Zin also had to be determined at the feed point, which was determined 

from our rectangular patch simulation (can be found in the simulations section).  Based upon our 

Wo of 0.6mm for a 50Ω line this was then used as the W1 value as well.  Lastly, to determine y0 the 

following equation was used: 

y0 =  [Cos
-1

(Z0/Zin)]
2
*(L/π) 



This gave us a y0 of 10.2mm.  After tuning and adjustments the finalized patch with inset feed was 

designed and can be seen below: 

 

Chapter 2 Conclusions: 

In order to keep this design simple, the reconfigurable antenna will be designed using a linear 

microstrip patch antenna.  The preferred switching method will be MEMS switches due to 

accuracy and small package size compared to pin diodes and transistors.  If this design can proven, 

further research can be done to increase efficiency and/or add in circular polarization. 

 

 

Chapter 3:  Design, Specifications, and Requirements 

After thorough research, specifications must be set to insure that the proposed reconfigurable 

antenna design will be effective enough to complete the desired application.  To prove that this 

design works, two commercially available GPS frequencies will be used as the application. 

 
High Level System Block Diagram: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9-1: High Level System Block Diagram of Reconfigurable Antenna with Inset Feed Matching. 
 
 
 
 
 

If the 1.575GHz GPS signal is desired, then the switches will be off, holding the patch antenna at 

the smaller length and thus higher resonant frequency. If the 1.227 GHz is desired, the switches 

will be turned on thus closing the connections between the patch antennas, this will adjust the 
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length of both the antenna to resonant at 1.227 GHz. The operation of the reconfigurable 

antenna is illustrated in Figure 2-1. 

 

Polarization: 

The GPS frequencies that we will be receiving are transmitted using right-hand circular 

polarization according to http://www.fcc.gov. However, to meet project deadlines we will be 

simplifying our patch antenna design to consist of linear polarization. This means we will use 

square or rectangular patches without any modifications for polarization (truncated corners, 

slots, etc.). If we prove the linear polarization design to be possible, it will open up possibilities 

for future projects to add in right hand circular polarization. 

 

Switching Technology: 

We needed to determine which method of switching will not only be the most plausible but the 

best for our system. A small switch size is desired to limit the gap size between patch antennas. 

It is also very important that the RF switches have low insertion loss and high isolation in addition 

to operation at RF frequencies. Our goal was to implement RF MEMS switches, to meet the 

project objective. The drawbacks are high cost and high biasing Gate-Source Voltages. We are 

going to try to implement RadantMEMS RMSW201 MEMS Switches in our patch antenna. Its 
specifications are: 

• DC to 20 GHz Operation 

• 0.3dB Insertion Loss @ 2GHz 

• 35dB Isolation Loss @ 2GHz 

• 1.9mm x 1.85mm package size 

• +/- 90V Gate-Source Voltage 

• Gold Plating on Micro Strip Board required for wire bonding 
 
 
Switching Control System: 

To bias the MEMS Switches, we need to apply a +/- 90V to the Gate-Source of the switches. For 

the patch antenna system, the switches will either be all on or all off. We will be using only 2 

MEMS Switches for the antenna system between the 2 patches.  Since we are using inset feed 

matching, no MEMS switches will be required for the impedance matching. 

 

 

 

 

 

 



Functional Requirements and 
Specifications: Antenna System: 

� The first patch antenna shall have a center resonant frequency of 

1.575GHz, impedance of 50 ohms, and Linear Polarization. 

� The connected patch antennas shall have a combined center resonant 
frequency of 1.227GHz, impedance of 50 ohms, and Linear Polarization. 

� The patch antenna area shall be kept small without sacrificing too much 
performance. 

 

Switching System: 

� The switch package size shall be less than or equal to 2.0mm (for length) to 

ensure close proximity of patch antennas. 

� The switches shall have a Low Insertion Loss ( <0.7dB @ 2GHz). 

� The switches shall have a High Isolation loss ( >15dB @2GHz) 

� The switches shall operate at least within 1 to 2 GHz frequency range. 

� The switches shall have a fast switching speed ( <10us). 
  

Substrate: 

� The substrate shall have a high dielectric constant, εr (~10). 

� The substrate shall have as small of thickness as possible without sacrificing 
durability ( > 10mils). 

� The substrate shall minimize the bandwidth around the resonant 

frequencies to reject noise of outside frequencies while meeting the minimum 

bandwidth required for GPS. 

• 1.575 GHz Bandwidth is 1.563 GHz to 1.587 GHz 

• 1.227 GHz Bandwidth is 1.215 GHz to 1.239 GHz 

� The microstrip board shall be gold plated in the areas where wire bonding 

is required for the MEMS switches. 

 

Equipment List (For 1 Reconfigurable Antenna):  
From RadantMEMS: 

o 2 RMSW201 MEMS Switches 

o 1 +/-90 V DC-DC Converter 

From Rogers Corporation: 

o RO3010 12”x18” High Frequency Laminate 

 

Chapter 3 Conclusions: 

With the design criteria and specifications in place, the physical design and simulations of the 

reconfigurable patch antenna can begin.  



Chapter 4: Schematics and Layouts 

This project had 3 separate circuits or layouts designed and fabricated.  First off was an 

evaluation board of the RMSW201 MEMS switch to determine S-Parameters, but more 

importantly the effects of the ground pad on the bottom side of the MEMS switch.  The second 

circuit constructed was the +/-90V DC-DC converter that controls the biasing of the MEMS 

switches.  This schematic was obtained through RadantMEMS’ datasheet for the PCB version of 

the DC-DC converter, but it was built on a breadboard in lab.  The final layout is the actual patch 

antenna system with inset feed matching.  All three of these layouts combine to create the final 

project. 

 

RMSW201 MEMS Evaluation Board: 

The evaluation board is designed for a Roger’s Corporation RO3010 25mil substrate, the same 

substrate the antenna system uses.  Its purpose is to determine the effects of the ground pad on 

the received signal.  In order to do this, three separate orientations are used for the switch (refer 

to Figure 13-1).  First is a 2.0mmX2.0mm landing pad with vias to the ground layer of the 

substrate.  Conductive epoxy is used between the landing pad and the MEMS’ ground pad to 

create a solid connection to the board both mechanically and electrically.  The worry is that this 

ground pad will interfere with the RF signal crossing the source and drain of the switch.   

Possible alternatives to this are included in the two other orientations on the evaluation board.  

One option is a floating ground pad for the MEMS switch.  It is the same as the previously 

mentioned orientation, but there are no vias to the ground plane of the substrate.  Conductive 

epoxy will still be used.  The final alternative option is to sand off the ground pad of the MEMS 

switch. The switch is then attached to the evaluation board with nonconductive double-sided 

thermal tape.  No landing pad will be present on evaluation board.  This will minimize the 

amount of copper that can potentially interfere with the received signals. 

 

On the evaluation board, the transmission lines are 23.45mils wide to create a 50Ω line.  A 50Ω 

calibration line is at the top of the board to be used when connected to the spectrum analyzer. 

Coax connectors are added to each port with a landing pattern specific for the Emerson 142-

0701-841 connector.  8 total coax connectors are used on the evaluation board.  Also, each 

source and drain line has a 100kΩ surface mount resistor (1.6mmX0.8mm) to the ground plane 

through a via hole.  A 200milX200mil pad is connected to the gate of each switch to allow a wire 

to be soldered to the pad.  This will be connected to the DC-DC converter allowing the switches 

to be biased when needed.  The transmission line width here is arbitrary since the signal is DC 

and the switch draws no current. 



 

Figure 13-1: Fabricated Layout of the RMSW201 MEMS Evaluation Board. 

 

DC-DC Converter: 

The RMSW201 MEMS switch requires a gate to source biasing voltage of +/-90VDC to connect 

the source and drain.  In order to do this, we recreated the +5V to -90V DC-DC converter 

available from RadantMEMS on a breadboard (refer to Figure 14-1 for schematic).  The voltage 

output of MAX774 is determined by the ratio of the feedback resistors (R2/R1) = (Vout/Vref) 

where Vref is 1.5V.  The value of R2 is determined by R2 = (Vout/10uA); in other words, the value 

of R2 is 9.1MΩ.  For this DC-DC converter, R1 is 150kΩ and R2 is 9.1MΩ creating an output 

voltage of -91V.  When the p-channel MOSFET is on, the energy is stored in the inductor L1.  

When the voltage across the inductor L1 exceeds 210mV, an internal voltage comparator 

indirectly measures the current going through the MOSFET and shuts off the MOSFET.  This 

discharges the inductor energy to ground causing the capacitor C4 to charge to -90V.  If the 

voltage of the drain falls below 4.8VDC, then the process repeats to maintain the -90VDC output. 



 

Figure 14-1:  Schematic of RMSW201 MEMS +5V to -90V DC-DC Converter. 

 

Patch Antenna System with Inset Feed Matching: 

The finalized patch antenna will contain both patches to ensure proper frequency configurability.  

Along with these patches various components will be added for testing, switching, and 

implementation purposes.  The patch and inset feed microstrip line are of the same dimensions 

as discussed in chapter 3, however the feed line was extended to allow for the addition of a 

single port coaxial connector.  Similarly, to ground pads were added at this same port for proper 

coax connections.  Secondly the additions of two small ground pads were added to the right of 

each patch length to allow for the addition of a RF resistor for each patch.  These resistors will 

eliminate any noise and excess current flow at lower frequencies to prevent any errors with our 

GPS frequencies.  Lastly a feed line was added to supply the gate portion of the MEMS switches 

with -90VDC.  The feed lines are commonly connected to a single pad at the top of the antenna 

where the DC to DC converter output will be attached.  At the opposite end of the gate feed lines 

is a small gate pad to allow for proper wire bonding to the MEMS device.  Also there will be two 

antenna types manufactured, both shown on the following page.  One will contain two 2x2mm 

landing pads for the MEMS switches (located between the gap and next to the feed lines), the 

other will not contain these pads. 

 



 

Figure 15-1:  Finalized Layout of the Frequency Reconfigurable Microstrip Patch Antenna Without 

Landing Pads. 

 

 

Figure 15-2:  Finalized Layout of the Frequency Reconfigurable Microstrip Patch Antenna With 

Landing Pads. 

 

 

Chapter 4 Conclusions: 

The next step is to simulate and tune the results of the patch antenna system layout until the 

desired results are achieved.  The DC-DC converter will be tested and built on a breadboard while 

the MEMS evaluation board is simple enough to skip simulations and go to fabrication.  



 

Chapter 5: Simulation Results 

In this chapter you will find the simulation results for the discussed layouts in chapter 3.  These 

simulations were done through ADS Momentum with the patch antenna dimensions as 

described.  Various simulations were done to better tune and adjust patch L, W, and inset feed 

matching; these results represent our final simulations both before and after inset feed 

implementation.  Note: Some dimensions (length and width) were adjusted after addition of inset 

feed line. 

 

1.575GHz (without inset feed matching) 

 

 
Figure 16-1:  Simulation results for 1.575 Ghz patch without inset feed match 



 
Figure 17-1:  Data set, simulation results for 1.575 Ghz patch without inset feed match 

 

 

 

1.227 GHz (without inset feed matching) 

 
Figure 17-2:  Simulation results for 1.227 Ghz patch without inset feed match 

 



 

 
Figure 18-1:  Simulation results (and data set) for 1.227 Ghz patch without inset feed match 

 

 

 

 

 

 

 

 

 

 

 

 



 

1.575 GHz (with inset feed matching) 

Figure 19-1:  Simulation & data set for 1.575 Ghz with inset feed matching 

 

1.227 GHz (with inset feed matching) 

 
Figure 19-2:  Simulation & data set for 1.227 Ghz with inset feed matching 



Chapter 6: Test Results and Simulation Comparison 
As the end of the semester came about at the same time as our fabrication, the procedure to 

demonstrate our project changed.  We wanted to demonstrate our two resonant frequencies 

and DC-DC Converter.  In order to do this, one antenna system remained unchanged to resonate 

at 1.575 GHz.  Another antenna system was modified by soldering 2 wires between the patches 

to represent a closed MEMS switch (1.227 GHz). 

 

DC-DC Converter Results: 

 

 

Figure 20-1:  Oscilloscope plot of the DC-DC Converter switching from 0V (Ground) to -90V (when 

Vin is +5V). 

 

The DC-DC inverting boost converter successfully switches between 0V and ~-92V pending the 

Vin voltage. 

 

1.575 GHz Results: 

The results for our 1.575 GHz patch antenna was obtained via spectrum analyzer to find the S11 

parameters of the antenna.  These results can be compared to our simulated data.  The antenna 

used is shown in Figure 21-1.  The results are shown in Figure 21-2.  The actual resonant 

frequency is shown in blue (1.515 GHz) while the target resonant frequency is shown in red 

(1.575 GHz).  The resonant frequency is 60 MHz lower than the target frequency.  The dB at the 

resonant frequency is about -10dB, which is not as strong of a signal as the simulation data due to 

the inset feed being set up to match 1.575 GHz. 



 
Figure 21-1:  1.575 GHz antenna system used to obtain Test Results. 

 
Figure 21-2:  1.575 GHz Test Results. 

 



1.227 GHz Results: 

In order to simulate closed MEMS switches, two wires were soldered across the location where 

the MEMS switches would be placed.  These connections changed the resonant frequency. 

 
Figure 22-1:  1.227 GHz antenna system using 2 wires to simulate closed MEMS switches. 

 
Figure 22-2:  1.227 GHz Test Results 

 



From the results, 1.280 GHz is the actual resonant frequency while 1.227 GHz is the target 

frequency.  Again, the resonant frequency is about 50 to 60 MHz off, but this time it is a higher 

than the target frequency.  The dB of the resonant frequency is about -8dB, which is not as 

strong as expected due to the inset feed being set up for 1.227 GHz. 

 

Chapter 7: Conclusion 

Testing with MEMS switches will follow, but at the moment the antenna system behaves almost 

as intended beyond the resonant frequency locations.  However, a larger bandwidth could have 

fixed these problems.  This could be done with a thicker substrate or lower dielectric constant.  

Determining the cause of the change in resonant frequency will come with later testing. 

 

Recommendations: 

The design behind the reconfigurable patch antenna has many possibilities for future work.  First 

off, circular polarization can be added by truncated corners, slots, etc.  It was dropped from the 

project due to time constraints and complexity it presented.  Some preliminary work was done to 

show it was feasible, but the goal was to produce a working frequency reconfigurable antenna by 

the end of the semester. 

 

In addition, a single stub or double stub impedance matching network could be used instead of 

inset feed matching.  While not entirely necessary, at different application frequencies these 

impedance matching networks will give more accurate matching for each resonant frequency.  

The downfall of these matching networks compared to inset feed matching is the complexity and 

physical size added into the project. 

 

For final fabrication and design of the patch antenna, due to variances between simulations and 

tests, it is suggested that multiple designs are made of the antenna.  For these designs some 

patches should be made to resonant slightly higher than desired, some at desired, and some 

below desired during simulations.  These, when fabricated, will help determine the final 

dimensions to be used for final product fabrication and thus will help eliminate any variances, like 

the ~60Mhz differences we noticed. 

 

Lastly, newer MEMS switches with smaller package sizes and/or lower biasing voltages can be 

picked for the antenna system.  With the RMSW201, removing the ground plane with sandpaper 

is not a practical design choice.  Also, a third MEMS switch could be added to improve 

connectivity between patches. 
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