
Additively Manufactured Frequency/
Radiation Pattern Reconfigurable Antenna

Based on Monolithically Printed VO2 Switch

Item Type Conference Paper

Authors Su, Zhen; Vaseem, Mohammad; Li, Weiwei; Yang, Shuai; Shamim,
Atif

Eprint version Post-print

Publisher Institute of Electrical and Electronics Engineers (IEEE)

Rights (c) 2019 IEEE. Personal use of this material is permitted.
Permission from IEEE must be obtained for all other users,
including reprinting/ republishing this material for advertising or
promotional purposes, creating new collective works for resale
or redistribution to servers or lists, or reuse of any copyrighted
components of this work in other works.

Download date 23/05/2023 20:19:58

Link to Item http://hdl.handle.net/10754/656135

http://hdl.handle.net/10754/656135


Additively Manufactured Frequency/Radiation 
Pattern Reconfigurable Antenna Based on 

Monolithically Printed VO2 Switch 
Zhen Su, Mohammad Vaseem, Weiwei Li, Shuai Yang, Atif Shamim 

Integrated Microwave Packaging Antennas and Circuits Technology Laboratory 

King Abdullah University of Science and Technology (KAUST) 

Thuwal, Kingdom of Saudi Arabia 

su.zhen@kaust.edu.sa, mohammad.vaseem@kaust.edu.sa, weiwei.li@kaust.eu.sa, shuai.yang@kaust.edu.sa, 
atif.shamim@kaust.edu.sa 

 
Abstract— The frequency and radiation pattern 

reconfigurability in antennas is usually achieved by P-I-N 
diodes, transistor, micro-electro-mechanical systems (MEMS), 
etc. based switches which are typically attached to the antennas 
through soldering or epoxies that leads to reliability issue. In 
addition, most of these switches are expensive as they are 
realized with complicated and costly fabrication processes. To 
increase the reliability and reduce the fabrication cost, additive 
manufacturing is a viable solution, where the switch can be 
simply printed at the desired place without the need of 
soldering, etc. In this work, we present fully printed frequency 
and radiation pattern reconfigurable antenna designs using a 
custom vanadium dioxide (VO2) ink based monolithically 
printed switch. In the frequency reconfigurable design, 
antenna operates at frequencies of 2.32-2.49 GHz and 1.93-2.03 
GHz in the “OFF” and “ON” states of the switch, respectively 
which matches well with the simulations. In the radiation 
pattern reconfigurable design, an antenna array comprising 
two elements show a broadside maximum radiation pattern for 
the switch in the “ON” state and a broadside null in the “OFF” 
state at 5.2 GHz. The gain difference between the “ON” and 
“OFF” state is as high as 8 dB, which is beneficial for 
direction-finding applications. 

Index Terms— additive manufacturing, fully printed 
antenna; radiation pattern reconfigurable; VO2 switch,  

I.  INTRODUCTION  

Modern wireless devices such as mobile phones tend to 
support increasing wireless standards, with each of them 
working at different frequency bands. For example, WiFi 
works at 2.4 GHz and 5GHz, whereas GPS works at 
1.5GHz, and 3G/4G typically works between 2 to 3 GHz. In 
addition, the operating frequency of the same wireless 
standard, such as GSM, varies in different countries/regions. 
It is desirable to reduce the number of antennas in a wireless 
device but still cover all the required frequency bands. One 
way to do this is by designing reconfigurable antennas that 
can work at different operating frequencies by incorporation 
of switches [1]. Having frequency-reconfigurable antenna in 
a wireless device can drastically reduce the occupied-area as 
well as the cost. Other than the frequency reconfigurability, 
it is also very attractive if the radiation pattern of the 

antenna can be adjusted. One potential use is in direction 
finding applications where minimum number of antenna 
elements may be used instead of a complex and expensive 
feed network in an antenna array [2]. For both type of 
reconfigurable antennas discussed above, RF switches are 
typically used to achieve the reconfigurability.  

RF switches can be of different forms such as PIN-diode 
or MEMS or transistor based, etc. [3]–[5]. It is realized that 
all the above-mentioned technologies have one common 
drawback, which is that they all needed to be attached 
through to the antennas through soldering or an epoxy. In 
addition, most of these switches are fabricated in the 
cleanroom environment using complicated and expensive 
micro-fabrication processes. Expensive fabrication steps and 
an extra step of attaching these switches adds to the time 
and cost of this process. The packaged RF switch in the 
market can easily cost few dollars for lower frequencies, 
and it can go up to tens of dollars if the switching operation 
frequency is high [6].  

Recently, vanadium Oxide (VO2) based RF switches has 
drawn increasing attention due to its low temperature (~68 
°C) Metal Insulator Transition (MIT) transition [7], [8]. The 
VO2 material behaves like dielectric when below the 
transition temperature and it exhibit conductive when it is 
heated up to above 68°C. In addition to heat, current can be 
also used to activate the VO2 switch. In this work, we have 
utilized an in-house developed novel VO2 ink to 
demonstrate additively manufactured low-cost frequency 
and radiation pattern reconfigurable antenna designs. The 
distinguishing factor about this work is that all components, 
including antenna, RF switch and power divider have been 
printed in a monolithic fashion. By turning the printed VO2 
switch ON and OFF through heating, we have successfully 
demonstrated decent frequency tuning as well as 
reconfigurability of radiation pattern from broad side 
maximum to a broadside null in two different antenna 
designs.  
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II. RECONFIGURABLE ANTENNA DESIGN 

As mentioned in the Introduction, VO2 switches based 
antennas presented in this work demonstrate 
reconfigurability in both frequency and radiation pattern. In 
Part A, a single patch antenna with five VO2 switches can 
operate at 2.1GHz and 2.4GHz bands by changing the 
switches ON and OFF states. In part B, a two patch antenna 
array is able to reconfigure its radiation pattern with ON and 
OFF states of the switches at 5.2GHz.   

A. Frequency reconfigurable antenna 

The frequency reconfigurable patch antenna (shown in 
Fig. 1) has two bands, one for 3G at 2.1 GHz and the other 
for WiFi at 2.4 GHz. By turning the switch “ON” and 
“OFF”, the effective slot length can be varied, which in turn 
shifts the frequency. The geometry of the antenna and the 
detailed dimensions are depicted in Fig. 1.  

The VO2 switches are modeled with lumped elements, 
“ON” state with 3 ohm resistance and the “OFF” state with 
0.2 kohm resistance and 1 pF capacitance. All the five 
switches are used to change the patch antenna radiating 
length, but the two close to the patch antenna feeding port 
are also changing the insert slot dimension for matching 
purposes. The length L1 is optimized in the simulation to 
match for both bands. The simulation results will be shown 
and discussed along with the measured results in section IV. 

 

 
Fig. 1.  The geometry and detailed dimensions of frequency reconfigurable 

antenna (in mm: Lsub=75, Wsub=50, W=27, L=19, W1=6, G1=0.2, 
G2=1.35, L1=1.6, L2=1.4, L3=2.5) 

 

B. Radiation Pattern Reconfigurable Antenna Array Design 

Fig. 2 shows the design of the radiation pattern 
reconfigurable antenna array, which comprises a power 
divider to split the power into two parts and feed both the 
patch antenna elements (labelled as 1 and 2 in Fig. 2). The 
switch is connected to the quarter wavelength open stub 
(labelled as L2 in Fig. 2) to control the feed of the left side 
antenna. The turned “ON” state of the switch connects the 
open stub to the antenna feed line, presenting a short circuit 
at point G2 in Fig. 2. This means that in this state, the 
antenna 1 should not receive any signal from the main 
feedline and only antenna 2 radiates with a bore-sight 
maximum radiation pattern. While, in the “OFF” state, the 
open stub is isolated from the feeding line of patch antenna 

1 and that results in regular operation of the 2-element array. 
In this state of the switch, the overall radiation pattern is a 
combination of both elements and has a null at the broadside 
due to the intended phase shift between both the patch 
antenna elements.  
The substrate of the antenna is glass with thickness of 1 
mm, permittivity εr=7 and loss tangent δ=0.01. The detailed 
dimensions of the antenna array are shown in Fig. 2. 
Resistance of the isolation resistor in the power divider is 
100 ohm. The reconfigurable antenna array operates at 
5.2GHz. 

 
Fig. 2.  The geometry of radiation pattern reconfigurable antenna array. 

 

III. FABRICATION  

A. VO2 nanoparticles based inkjet printable and screen-
printable inks 

VO2 nanoparticles with average particle size of 80-100 
nm were prepared by solution process [9]. After preparation, 
different annealing temperature environment are processed 
to obtain pure VO2 (M) phase. It should be noted that VO2 
(M) phase is the only phase which gives low temperature 
(~68 °C) metal-insulator transition (MIT) for switching 
application. The pure VO2 (M) phase nanoparticles have 
been used to prepare inkjet ink in the mixture of 3.5 ml 2-
methoxy ethanol, 0.3 ml chlorobenzene and 0.2 ml ethanol. 
For screen-printable ink-formulation, 33 wt% VO2 
nanoparticles have been mixed in 66 vol % of 2-
hydroxyethylcellulose, and HEC solution (2 wt% in 50:50 
ratio of water and ethanol). 

B. Fabrication of the antennas 

Firstly, PE819 conductive silver paste (purchased from 
DuPont [10]) has been screen-printed on the glass, and 
cured at 150 °C for 30 min to fabricate the antennas with a 
thickness of ~30 µm. For frequency reconfigurable antenna 
prototype, VO2 ink is inkjet-printed using 40 layers of 
printing for top 3 switches and 60 layers printing for bottom 
2 switches to achieve the required resistance. For radiation 
pattern reconfigurable antenna prototype, ink has been 
screen-printed on the area of interest with thickness of ~25 
µm. Finally, the fabricated prototype has been cured at 200 
°C for 60 min in vacuum. The commercially available 100 
ohm resistor is placed for isolation resistor of the power 
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divider. The fabricated antenna prototypes are shown in Fig. 
4 (a) and 5 (a). 

C. Local heater  

The local heater based peltier module with size 
specification of 3.96 mm x 3.96 mm x 2.40 mm is 
purchased from Digikey corp. (1681-1023-ND) [11].  The 
VO2 switch can be thermally triggered by these local heaters 
placed on the back side of the glass substrate. This Peltier 
module can provide 85 °C heating with 1 A current, which 
is sufficient to achieve the “ON” state of the switch. 

IV. SIMULATION AND MEASUREMENT RESULTS 

A. Frequency reconfigurable antenna  

In simulations, the single patch antenna in “OFF” state is 
impedance matched from 2.31 GHz to 2.45 GHz, and from 
1.98 GHz to 2.1 GHz in the “ON” state. While the measured 
results show impedance matching from 2.32 GHz to 2.49 
GHz and from 1.93 GHz to 2.03 GHz in the “OFF” and 
“ON” state, respectively. It can be seen in Fig. 4 (b) that the 
simulation results correlate very well with the measured 
results.  

 

 
Fig. 4. (a) Fabricated prototype of frequency reconfigurable antenna where 

five black switches can be clearly seen 
 

 
Fig. 4. (b) The simulated and measured reflection coefficient of the antenna 

at two switch modes. 
 

B. Radiation Pattern reconfigurable antenna 

a) Bandwidth  

The antenna is simulated using ANSYS HFSS software, 
and the simulated and measured S11 is shown in Fig. 5. The 
frequency band where S11 is less than -10 dB ranges 5.1 
GHz to 5.32 GHz for the switch “OFF” state and 5.1 GHz 
and 6 GHz for the switch “ON” state. 
 

 
Fig. 5. (a) Fabricated prototype of radiation pattern reconfigurable antenna 

 

 

Fig. 5 (b).  The simulated and measured reflection coefficient of the 
antenna array at two switch modes. 

b) Radiation Pattern Reconfigurability  

The prototype has been recently fabricated and the 
measured 2D radiation pattern is shown in Figure 6. The 
two elements antenna array has a 3 dB broad beam at the 
broadside from -56.9° to 54.57° in the H-plane at the switch 
“ON” state. In the switch “OFF” state, the 3 dB beam is 
split into two beams and one is from -47.75° to -30° and the 
other is from 12.85° to 58.31° while there is a null at bore-
sight. The gain difference between the “ON” and “OFF” 
state is more than 13 dBs in simulation and more than 8 dBs 
in measurement. The results confirm the viability of fully 
printed VO2 switch based radiation pattern reconfigurability.  
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Fig. 6.  The radiation pattern for ON and OFF states at 5.2GHz. 

V. CONCLUSION  

This work presents a low cost, fully printed frequency 
reconfigurable patch antenna and a radiation pattern 
reconfigurable patch antenna array based on innovative 
printed VO2 switch. The frequency of the fabricated single 
patch antenna shifts from 2.4 GHz to 2.1 GHz when the 
VO2 switch is turned on. The antenna array is able to switch 
between two radiation patterns with a single printed VO2 
switch at 5.2 GHz. The radiation pattern of the antenna has a 
broadside maximum when the switch is in the “ON” state 
and it has two beams and a null at broadside when the 
switch is in the “OFF” state. 
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