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Circular polarised antenna fabricated with 
low-cost 3D and inkjet printing equipment 
 
S. Jun, B. Sanz-Izquierdo, J. Heirons, C. X. Mao, S. Gao, D. 

Bird, A. McClelland 

 
The fabrication of a patch antenna using low-cost 3D printing 

equipment is presented. A circular polarised (CP) patch antenna is 

manufactured by combining inkjet printing and stereolithography (SLA) 

technology. The substrate has been fabricated by curing photosensitive 

resin while the patch element of the antenna has been inkjet printed 

using silver ink. The printed antenna satisfies the required reflection 

coefficient, axial ratio and radiation pattern at 1575 MHz. The aim is to 

demonstrate an inexpensive technology that could be used for the 
fabrication of antennas on customised 3D printed substrates. The 

performance of the antenna is summarised through simulations and 

experimental results.  

   

 

Introduction: Metal etching and subtractive processes are the most 

common methods employed for the fabrication of antennas and 

microwave devices. Recently, there has been an increasing research 

interest in applying additive manufacturing (AM) [1] - [7] for electronic 

device prototyping and fabrication. AM offers design freedom, 

customisation, and potential cost reduction for low volume production 

processes. Several microwave structures have been reported, including 

frequency selective surfaces (FSS) [1], electromagnetic band gap 

structures (EBGs) [2], waveguide components [3] and antennas [4]. A 

variety of technologies and materials are available for the layer by layer 

fabrication of dielectric and metals. Two of the most accessible and 

lowest cost techniques for the printing of dielectrics are fuse deposition 

modelling (FDM) and stereolithography (SLA). EM structures have 

been fabricated by adding metallic layers over FDM substrates [2], [5].  

In [2], the metallic layer was added by hand, while in [5] a dispenser 

was use to add layers of silver conductive paste. One of the problems of 

FDM substrates is the roughness of the external surfaces which limits 

the metallic layers to thicker, paste based metallic materials. SLA 

substrates, on the other hand, provide smoother surfaces which can be 

an advantage when fabricating with other metallic layer deposition 

processes such as inkjet printing. Inkjet printing has been demonstrated 

for the fabrication of antennas on various substrates such as paper [6] 

and textiles [7].  

This letter describes the use of inkjet printing technology for the 

fabrication of a patch antenna on a 3D printed substrate. A circularly 

polarised (CP) patch antenna has been fabricated using a combination of 

stereolithography and inkjet printing technology, both of which 

methods have used inexpensive machines. As CP patch antennas are 

created by slightly modifying the shapes of the radiators, they are 

particularly suitable for the assessment of the fabrication process. 

Circularly polarised antennas have applications in satellite 

communications technologies such as the Global Positioning System 

(GPS). CST Microwave StudioTM has been used for the antenna design 

and simulations. The goal of this work is to demonstrate a simple and 

low cost fabrication method which can be used for prototyping, and 

custom antenna development.  

 

CP antenna design and performance: A photograph and a cross section 

view of the circularly polarized (CP) patch antenna are shown in Fig 1. 

The dimensions are given in Table 1. The rectangular patch radiator was 

positioned on a square substrate with side of 100mm and thickness of   

3 mm. The feed was located on the x and y axis with distances of fx and 

fy from the edge of the patch. The substrate was fabricated using the 

SLA Form1+ printer [8] and clear (translucent) resin. The UV cured 

resin had a dielectric constant of 2.83 and loss tangent of 0.038, which 

was measured through a transmission line system. The measured 

surface roughness of the SLA substrate was 206 nm. After the SLA 

printing of the substrate, an Argentum’s Cartesian Co. printer [9] was 

used to add the metallic layers of the patch radiator. The printer uses a 

two-stage process where silver nitrate and an ascorbic acid (Vitamin C) 

solution are deposited. The measured electrical resistivity was less than 

3 × 10-7 Ω-m when 25 layers were printed. The surface roughness 

increased to 7183nm. A square brass ground plane was positioned on 

the backside of the substrate. A 50 Ω SMA connector was attached to 

the ground plane using standard soldering, and to the top patch using 

silver epoxy glue.   
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Fig. 1 Circularly polarised patch antenna geometry 

a   Photograph with dimensions 

b   Cross-sectional view 

Table 1 

 L1 L2 P1 P2 fx fy 

Dimensions 

(mm) 
100 100 50.36 53.64 14.66 11.60 

 

 
 

Fig. 2 Reflection coefficient of CP patch antenna 

 

      The simulated and measured reflection coefficients (S11) are 

presented in Fig. 2. The computed and experimental results compared 

very well. There is a first resonance at 1575MHz with -10dB bandwidth 

from 1550 to 1650 MHz. A second resonance can also be found at about 

2.3 GHz with bandwidth of 3%. The axial ratio of the circularly 

polarised antenna at 1575 MHz is shown in Fig. 3. Good circular 

polarisation is found with 3 dB axial ratio from 1570 to 1600 MHz.  

Fig. 4 presents the simulated and measured far-field radiation patterns 

in the xz and yz plane at 1575MHz. The shapes of the measured 

radiation patterns are almost identical to that of simulations. A 

maximum gain of 3.2 dB was obtained in the measurements.     

 

Conclusions: The fabrication of a circularly polarised patch antenna 

with inexpensive 3D printed equipment has been demonstrated. 

Stereolithoghapy (SLA) techniques can produce substrates with 

surfaces sufficiently smooth to be suitable for printing conductive layers 

with inkjet printing processes. Inkjet printing of metallic layers can be 

achieved using the Cartesian Co. [8] or similar equipment. This 

machine uses a combination of ascorbic acid and silver nitrate. Good 

performance in terms of impedance matching, axial ratio and radiation 

patterns has been achieved. The circularly polarised antenna resonates 

at the 1575 MHz band used for GPS systems. The advantage of the 
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proposed fabrication method over previously reported work is the use of 

low cost machines which are more suitable for home and office use. A 

potential future development could be the modification of substrates to 

enhance antenna performance.     

 
Fig. 3 Measured and Simulated axial ratio of CP patch antenna 

 

 
                           a                                                        b 

 
Fig. 4 Measured and simulated radiation patterns at 1575 MHz 

a   xz- plane  

b   yz- plane  
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