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Abstract—Fused Deposition Modeling (FDM) of 

thermoplastics is a flexible and simple 3D printing method.  

FDM has a variety of adjustable fabrication parameters to 

modify both the mechanical and electrical properties of the 

printed structures. However, the use of 3D-printable conductive 

thermoplastic filaments for electronics manufacturing has so far 

been quite limited. This type of printing would allow 3D-printed 

antennas to be efficiently embedded inside 3D-printed 

structures during the manufacturing process. In this paper, we 

present prototypes of 3D-printed dipole antennas using a 

conductive copper-based filament. Despite some initial 

challenges in the printing process, three types of ultrahigh 

frequency (UHF) radiofrequency identification (RFID) tag 

antennas were successfully printed, one of which was a contour 

pattern and the other two were printed using 100 % antenna 

patterns. Based on the achieved results, the thickness or printing 

pattern of the 3D-printed dipole antenna had no major effect on 

the tag read range. All types of tags showed read ranges of 

around 0.7-1.1 meters. Further, they were functional 

throughout the global UHF RFID frequency band (860-960 

MHz). These first results are promising, especially when 

considering the contour type of antenna, which saves a lot of 

printing material and time. 

Keywords—3D printing, conductive filament, contour 

antenna, dipole antenna, fused deposition modeling 

I. INTRODUCTION  

During the recent years, significant advancements have 
been made in the use of additive manufacturing methods for 
the creation of electronics structures. Fused Deposition 
Modeling (FDM) of thermoplastics is a flexible and simple 3D 
printing method.  FDM has a variety of adjustable fabrication 
parameters to modify both the mechanical and electrical 
properties of the printed structures [1][2]. Efficient 3D 
printing of conductive thermoplastic filaments could allow 
3D-printed antennas to be embedded inside 3D-printed 
structures during the manufacturing process. However, 
despite the promising results [3]-[5], the use of 3D-printable 
conductive thermoplastic filaments for electronics 
manufacturing has so far been quite limited.  

 Some of the 3D printable conductive filaments available 
in the market are carbon-based and copper-based filaments. 
The former category typically possesses resistivity values in 
the range of 0.21 - 120 Ω ⋅ cm, while the latter promises 
resistivity values of 0.006 Ω ⋅ cm [3][6]-[8]. Copper-based 
Electrifi conductive filament has been a subject of various 3D-
printed prototype fabrication recently, some of which include 

microstrip patch antennas, cylindrical horn antennas, radio 
frequency identification (RFID) tag antennas, and microstrip 
transmission lines [5][9]–[13]. Recently, the filament was 
succesfully used to print RFID tag antennas, whose 
performance was compared to antennas fabricated by other  
manufacturing methods [9]. Encouraged by these results, in 
this study, we aim to compare the results of 3D-printed passive 
ultrahigh frequency (UHF) RFID tag antennas to similar 
antenna designs that have been cut from copper tape, 
embroidered from conductive thread, or cut from 
nickel/copper-based electro-textiles in [14].  

II. ANTENNA MANUFACTURING 

The antenna pattern used for the 3D-printed dipole 
antennas is presented in Fig.  1. This antenna pattern has been 
previously used in several other experiments and is known and 
tested for its excellent wireless performance [14].  

 

Fig. 1. Dipole antenna design and dimensions. 

The dipole antennas were 3D printed by Prenta Duo XL 
3D printer with the slicer software being Simplify3D 
software. The filament used for the 3D printing process was 
Multi3D’s Electrifi conductive filament. The filament is 
known to have a resistivity of 0.006 Ω ⋅ cm [8]. The 3D 
printing parameters used for this experiment are presented in 
Table 1. 

Table 1. 3D printing parameters. 

Printing Parameter Value 

Nozzle diameter 0.42 mm 

Extruder temperature 155 ℃ 

Printing bed temperature 35 ℃ 

Layer thickness 0.1 mm 

Printing speed 10 – 12 mm/s 

  



By using the parameters in Table 1, 4 types of full antenna 
pattern dipole antennas were printed by varying the antenna 
thickness (0.5 mm or 1.0 mm) and 3D printing infill patterns 
(rectilinear 45° / -45° or 0° / 90°). Further, 2 types of contour 
pattern dipole antennas were printed (only the antenna borders 
were printed) by varying the thickness (0.5 mm or 1.0 mm). 
The dipole antennas prepared are presented in Fig. 2. After the 
antenna printing process, NXP UCODE G2iL RFID ICs 
(Integrated Circuits) were attached to the 3D-printed dipole 
antennas by using conductive silver epoxy.   

 

 

(a) Contour: 0.5 mm (top)  and 1.0 mm (bottom) 

     

 

(b) Full pattern (45° / -45°): 0.5 mm (top) and 1.0 mm (bottom) 

 

 

(c) Full pattern (0° / 90°): 0.5 mm (top) and 1.0 mm (bottom) 

Fig. 2. 3D-printed dipole antennas. 

During the first printing attempts, several challenges were 
encountered during the 3D printing process. Most of the 
challenges arose due to the filament being quite soft. Due to 
the softness of the filament, the filament got scraped quite 
often to the rotors of the extruder, which automatically push 
the filament into the extruder. Hence, at several instances, the 
printing process got interrupted as the extruder was unable to 
push the filament towards the nozzle. Secondly, obtaining the 
optimal speed for printing was initially quite challenging. 
According to the manufacturer’s specifications, the printing 
speed is recommended to be kept between the range of 10 
mm/s – 30 mm/s. And the recommendation is to keep the 
printing speed somewhere closer to the lower speed values, 
for improved conductivity of the printed filament. Initially, 
due to maintaining the lowest speed of 10 mm/s, at various 

instances, the extruded filament accumulated at the nozzle of 
the extruder, as shown in Fig. 3, resulting in either completely 
interrupted printing or several deformations in the printed 
structure, as shown in Fig. 4 However, increasing the printing 
speed to 12 mm/s significantly improved the 3D printing 
process. 

 

Fig. 3. Accumulation of extruded filament at 3D printer nozzle. 

    

 

 

Fig. 4. Badly 3D-printed dipole antennas. 

III. MEASUREMENT SETUP 

For conducting the wireless measurements, Voyantic’s 
Tagformance RFID Measurement System was used. It 
consists of an RFID reader, where the transmission frequency 
can be varied within the range of 800 MHz – 1000 MHz. It 
also has an adjustable output power, which can be up to 30 
dBm. The backscattered signal strength of the tag being tested 
can be brought down to -80 dBm. Initially, a reference tag is 
used to calibrate the position of the measured tag antenna with 
the reader antenna. The theoretical read range (i.e. the read 
range without any disturbances or reflections) between the 
reader antenna and the tag’s position is measured based on 
equation (1),  

𝑑𝑡𝑎𝑔 =  
𝜆

4𝜋
 √

𝐸𝐼𝑅𝑃

𝑃𝑇𝑆𝐿𝑓𝑤𝑑
  (1) 

where EIRP is Effective Isotropic Radiated Power (which is 
set as 3.28 W, according to European Regulations), λ is the 
wavelength of the reader antenna’s transmitted wave, 𝑃𝑇𝑠 is 
the threshold power, and 𝐿𝑓𝑤𝑑 is the forward losses. All the 

measurements were conducted inside an anechoic chamber.   

For simulation of the antenna pattern of Fig. 1, Ansys 
HFSS (High Frequency Structure Simulator) was used. For 



the simulation, a 1.5 mm contour boundary of the antenna was 
used. The model was simulated as a 2-dimensional sheet with 
various sheet resistance values assigned for modelling the 
electrical conductivity.  

IV. MEASUREMENT RESULTS AND DISCUSSION 

The theoretical read ranges of the 3D-printed passive UHF 
RFID tags within the global UHF RFID frequency range are 
shown in Figs. 5-7.  

 

Fig. 5. Contour dipole antenna tag read range results. 

 

Fig. 6. Full pattern (0° / 90°) dipole antenna tag read range results. 

 

Fig. 7. Full pattern (45° / -45°) dipole antenna tag read range results. 

As can be seen from Figs. 5-7, the thickness or printing 
pattern of the 3D-printed dipole antenna had no major effect 
on the tag read range. All the read range values of the 
fabricated passive UHF RFID tags were from 0.7 to 1.1 
meters. These first results can be considered promising, 

especially when considering the contour type of antenna, 
which saves a lot of printing material and time.  

 

Fig. 8. Simulated read ranges of contour antenna tags over different sheet 
resistance values (normal lines) and measured read ranges of 3D-printed 
contour antenna tags (circle marked lines). 

The simulated results in Fig. 8 represent a set of possible 
read ranges for a contour antenna, by varying sheet 
resistances, over a frequency range of 800 MHz-1000 MHz. 
For a 0.5 mm thick contour antenna, the sheet resistance can 
be estimated to be around 9.2-10.8 Ω/sq, whereas for a 1.0 mm 
thick contour antenna, the estimated sheet resistance is 
between 10.8-12 Ω/sq.    

However, for comparison, the read ranges measured for 
similar antenna designs cut from copper tape, embroidered 
from conductive thread, or cut from nickel/copper-based 
electro-textiles were significantly longer, as the peak read 
range values varied between 6-12 meters [14]. Thus, further 
work is needed, in order to achieve the best possible wireless 
performance with the conductive thermoplastic filament, in 
order to replace some of the more traditional fabrication 
methods and materials. 

V. CONCLUSION 

In this paper, we presented the first prototypes of 3D-
printed dipole antennas for passive UHF RFID tags from 
conductive copper-based thermoplastic filament. One of the 
printed antenna patterns was a contour pattern, while the other 
two were printed with an 80 % antenna pattern. Based on the 
achieved results, the thickness or printing pattern of the 3D-
printed dipole antenna had no major effect on the tag read 
range. All types of tags showed read ranges of around 0.7-1.1 
meters. Further, they were functional throughout the global 
UHF RFID frequency band (860-960 MHz). Thus, the read 
range values were relatively low, when compared to similarly 
patterned copper tape, embroidered, and electro-textile-based 
tags, which all have significantly lower sheet resistances of the 
antennas. 

Despite the relatively short read ranges, the conductive 
filament holds great potential for development of passive 
RFID-based wireless structures. These first results can be 
considered promising, especially when considering the 
contour type of antenna, which saves a lot of printing material 
and time. The next step is to optimize the printing parameters 
to enable a smoother and easier 3D printing process. 
Additionally, optimizing the dipole antenna design with 



respect to the resistivity properties of the conductive filament 
could improve the read range performance of the RFID tags.   
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