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Abstract— this paper presents a 3D-printed millimeter-

wave antenna for 5G applications. The proposed antenna 

has a measured bandwidth of 3.6 GHz with a peak 

measured gain of 7.5 dBi at 28.5 GHz. Furthermore, the 

antenna is fabricated using simple, yet low cost and novel 

method utilizes 3D printing and commercial conducive 

spray-coating technology. The proposed antenna is small, 

light, compact, and rigid. Besides, it delivers good 

performance over a wide band which qualifies it to be an 

excellent candidate for 5G applications. 
 

Index Terms – 3D printed antenna, 28 GHz, 5G, grooves, 

corrugations, compact, millimetre-wave (mm-wave). 

I. INTRODUCTION 

n the past two decades, several technologies have been 

developed to meet the tremendous growth in cellular data 

and wireless transmissions. For example, the third 

generation partner project (3GPP) and different releases of 

Long Term Evolution (LTE), e.g. 4G, have been released to 

satisfy this demand [1]. Those releases have used cutting edge 

techniques to enhance the spectral efficiency and system 

capacity, such as heterogeneous network, carrier aggregation 

(CA), coordinated multipoint (CoMP) transmission/reception 

and multiple input outputs (MIMO) [2]. Nevertheless, current 

cellular and wireless technologies are not able to handle 

tremendous rise in the total mobile data traffic by 2020 [3-4], 

as the global mobile traffic is expected to increase to 30 

Exabytes per month in 2020 which is 10 fold increment 

compared to 2014. In addition, wireless traffic generated by 

mobile PCs and tablets is expected to grow by 3 fold and 12 

fold, as consequence in the growth of mobile phone users 

which is expected to grow to 9.2 Billion by 2020 [5]. Hence, 

the unprecedented demand on data transmissions raises 

challenges for researchers to develop new wireless technology 

beyond the existing one. Fifth generation (5G) mobile 

communications technology which is expected to be 

standardized by 2020 is a promising technology that expected 

to achieve 1000 times overall system capacity, ten times data 

rate (i.e. peak data rate of 1 Gb/s for high mobility and 10 

Gb/s for low mobility), 25 times average cell throughput, at 

least 10 times spectral and energy efficiency as well as 5 times 

lower latency. The main target of 5G technology is to connect 

the entire world and to achieve extremely reliable, robust and 
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energy efficient communication between anything (machine to 

machine, people to machine), anybody (person to person), 

whenever they want and wherever they are [5]-[7]. Yet, 5G 

technology is not standardized, and several research activities 

are carried on different technologies works on different 

frequency bands in a range of frequencies between 5 GHz to 

70 GHz [7]-[8].  Furthermore, the 28 GHz band was amongst 

the highlighted bands above 24 GHz to be used for future 

mobile communications by the FCC. Therefore, this work 

presents a design of novel antenna that operates on one of the 

5G prominent and potential bands [9]-[10].  

 

The novelty of the proposed antenna relies on different 

aspects. The 1
st
 aspect is that the antenna is fabricated using 

simple, yet low cost method utilizes 3D printing and low cost 

commercial (electromagnetic interference/radio frequency 

interference)-(EMI/RFI) Shielding Aerosol. To our 

knowledge, this is the 1
st
 work proposes using the EMI/RFI 

spray-coating technology for antenna applications.  

Furthermore, the 2
nd

 aspect of novelty is that the proposed 

antenna structure with its feeding method is compact and 

unique as a lot of the state of art 3D-printed antennas relies on 

replicating the design of conventional and highly efficient 

non-compact structures such as horn antenna, waveguides and 

helix antennas and they are usually fed using the highly 

efficient and reliable standard rectangular waveguide 

technology [11]-[17]. This is due to the genuine difficulty of 

integrating as well as matching compact feeding methods with 

the 3D-printed structures at low and high frequencies. Hence, 

a lot of the recent 3D-printed antennas are designed and 

proposed for low frequency applications [12], [16], [18]-[20]. 

However, in this paper, we present a 3D-printed antenna that 

has a compact size as well as it delivers a good performance at 

millimeter-wave, which enables it to be an ideal candidate for 

5G applications. 

II. ANTENNA STRUCTURE AND FABRICATION METHOD  

The schematic and the prototype of the proposed 3D printed 

millimeter-wave antenna are shown in Fig.1 and Fig.2. The 

proposed antenna consists of two different structures; the 1
st
 

structure is a special feeding layer designed to accommodate 

the PE 44489 mini-SMP connector and to couple the 

electromagnetic energy to the radiating structure. The feeding 

layer consists of transmission line, mini-SMP pad (ground 

plane) and vias fabricated on Rogers RO4003C substrate. 

RO4003C is hydrocarbon ceramic laminate which has a 

dielectric constant of 3.38 and thickness of ℎ = 0.508 𝑚𝑚. 

The 2
nd

 layer is the radiating structure which consists of 3D 

printed resonant slot surrounded by rectangular cavity and two 

corrugations; where the rectangular cavity and the two 

corrugations boost the antenna gain and directivity. There are 

two different methods to fabricate the radiating structure; the 

1
st
 is to use Computer Numerical Control (CNC) milling 

machine to perforate the slot and to drill the cavity and the 
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Fig.1. Schematics of the proposed antenna. (a) Cross section of 

side view, (b) top view, (c) bottom view and (d) perspective 

bottom view with mini-SMP connector. 
 

   
 

Fig.2. Prototype of the proposed design before and after the spray 

coating. (a) Top view and (b) bottom view. 

 

 

 

 

 
 

 
 

Fig.3. the measured and simulated 𝑆11 of the proposed antenna. 

 

 

 

 

 
 

corrugations on a metallic plate such as Aluminum [21]. 

However, the disadvantage of using this method is that it 

requires highly skilled labour and advanced machinery to 

realize such small dimensions which boosts the production 

cost of the antenna.  

The 2
nd

 method of the fabrication is to 3D print the radiating 

structure using a plastic material and then to metalize or plate 

it with a thin and pure metallic layer; where metals such as 

Copper, Gold or Aluminum can be used. For the proposed 

design Objet 30 Prime stereo-lithography 3D-printer is used to 

3D print the structure using a transparent verlco-clear material. 

Furthermore, Object30 3D prints prototypes with a layer 

thickness of 16 𝜇𝑚 and a resolution of 100𝜇𝑚. However, to 

reduce the cost of production and to reduce the fabrication 

complexity, commercial conductive paint is used to metalize 

the 3D printed antenna instead of the conventional 

metallization techniques. Therefore, the 3D printed antenna is 

coated using a conductive spray paint contained in air drying 

acrylic resin. The Aerosol resin dries within 5 minutes after 

spraying and it delivers maximum conductivity after 24 hrs. 

The coated and non-coated 3D-printed prototypes are shown 

in Fig.2. The commercial conductive paint used is RS 

EMI/RFI Shielding Aerosol that has a Bronze color. 

According to the manufacturer, the Aerosol is a silver/bronze 

plated copper shielding paint designed to give low resistance 

even in thin layers on plastic electronic housing designed for 

electromagnetic interference/radio-frequency interference 

(EMI/RFI) shielding applications [22]. 

The dimensions of the proposed antenna are: length of the 

antenna 𝐿 = 18 𝑚𝑚, width of the antenna 𝑊 = 10 𝑚𝑚, 

thickness of the antenna 𝑇 = 3 𝑚𝑚, width of the corrugation 

𝐺𝑊 = 1.5 𝑚𝑚, depth of the corrugation 𝐺𝑑 = 1.9 𝑚𝑚, 

thickness of the substrate ℎ = 0.508 𝑚𝑚, cavity width 

𝑊1 = 9.5 𝑚𝑚, cavity length  𝐿1 = 7 𝑚𝑚, distance between 

cavity and corrugation  𝑋 = 3.2 𝑚𝑚, slot width 𝑆𝑊 =
2.2 𝑚𝑚,  slot  length 𝑆𝐿 = 6.5 𝑚𝑚 , transmission line width 

𝐹𝑊 = 0.4 𝑚𝑚, transmission line length 𝐹𝐿 = 5.4  𝑚𝑚, vias 

diameter 𝑉𝑅 = 0.8  𝑚𝑚, connector pad width and length 

𝑊𝑃 × 𝑊𝑃 = 4.4  𝑚𝑚 ×  4.4  𝑚𝑚.       

III. RESULTS AND ANALYSIS 

The proposed antenna is modelled and simulated using CST 

software, where the 3D printed structure is modelled as a PEC. 

The simulation results shows that the proposed antenna has a -

10 dB bandwidth of 5.8 GHz ranges from 26 GHz to 31.8 

GHz; however, the measured -10 dB bandwidth of the antenna 

is 3.7 GHz ranges from 26.9 GHz to 30.6 GHz as shown in 

Fig.3. Furthermore, the antenna has a simulated peak gain of 

9.6 dBi at 29.5 and a simulated gain of 9.4 dBi at 28.5 GHz 

and generally the simulated gain is higher than 9 dBi over its 

entire bandwidth. However, the measured peak gain is 7.5 dBi 

at 28.5 GHz, as well as the antenna has  measured gain higher 

than 7 dBi over 2 GHz,  ranges from 27.7 GHz to 29.7 GHz as 

shown in Fig.4. The simulated and measured far-field 

radiation patterns of the antenna at 28.5 GHz are shown in 
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Fig.5. The proposed antenna has a measured half power beam 

width of 60° in the H-plane and 53° in the E-plane as shown 

in Fig.5. Moreover, there is a good agreement between the 

simulated and measured H-planes, while an acceptable 

agreement is obtained between the simulated and measured E-

plane, where the measured beam width is 11° wider than the 

simulated one. In addition, the proposed antenna has similar 

measured radiation patterns performance over its bandwidth. 

Furthermore, the gain of the antenna is measured using gain 

comparison method described in detail in [24] and by utilizing 

Ka-band 22240-20 Flann standard horn antenna. However, the 

radiation patterns were measured using near field scanning 

method as the energy in the near field is measured and 

converted by the measurement system to far-field patterns 

using Fourier transform. The system which has been used to 

measure the antenna near-field is (200V NSI) available at 

Queen Mary University of London antenna’s laboratory. 200V 

NSI is a vertical planar scanner, where it has been used with 

the measurement setup provided in Fig.6. The proposed 

antenna (AUT) is mounted on top of a stationary holder and 

the near field probe is moved in both X and Y direction along 

the surface of the antenna, so that samples of the near-field are 

measured. For consistent measurements using planar near field 

systems, the separation between the AUT and the probe is 

recommended to be in range of  3𝜆 ≤ 𝑛1 ≤ 5𝜆 [25]. This 

separation is chosen to maximize the angular range over which 

the far-field data is reliable. Hence, planar near field scanners 

typically provide reliable measurements in a range of 60° ≤
∅ ≤ 70° [25]. Finally, the separation between the AUT and 

probe is chosen to be 44 𝑚𝑚 ≈ 4.2𝜆 at 28.5 GHz. 

Overall, the antenna has good measured 𝑆11, measured 

radiation patterns and measured gain performance over wide 

bandwidth, however, some discrepancies were observed 

between the simulated and measured values due to several 

reasons. The 1
st
 reason is because of insertion losses as well as 

matching losses due to mini-SMP connector soldering and 

mis-aligning with the 0.4 mm width transmission line. The 2
nd

 

reason of discrepancies is the fabrication tolerances of the 

feeding structure as well as the 3D-printed structure.  For 

instance, one of the limitations of the used 3D printer that it 

cannot print sharp 90° degrees corners, especially for the 

corrugations, slot, cavity and at antenna edges. Moreover, the 

unevenness and surface roughness of the coated antenna after 

applying the paint affect the radiation patterns of the antenna 

as well as they contribute to  matching losses, especially 

 
Fig.5. Normalized simulated and measured radiation patterns at 28.5 

GHz. 
 

 
Fig. 6.  The measurement setup used to measure the near-field of the 

proposed antenna. The distance between probe and antenna under 

test is n1 =  44 𝑚𝑚 ≈ 4.2𝜆 at 28.5 GHz. 

 

 

 
Fig.4. the simulated and measured gain of the proposed antenna over 

its measured bandwidth. 

  
(a)                                              (b) 

Fig.7. the simulated electric field (E-field) distribution on the 

antenna surface at 28.5 GHz. (a) with slot only and (b) with 

corrugations and cavity. 
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around the slot area which affect the 𝑆11 resonance. These 

uneven and rough surfaces are uncounted for in the simulation 

process as the slot and the antenna surface were modelled as a 

PEC with extremely fine and smooth non-lossy surface. 

Furthermore, the conduction losses of the paint contribute to 

some of the degradation in the measured gain performance of 

antenna. For example, according to manufacturer data sheet, 

the used EMI/RFI aerosol has surface resistivity ranges from 

0.3 to 0.77Ω per sq. at 50 𝜇𝑚 layer thickness [22]. This 

certainly will contribute to some conduction losses that affect 

the gain of the antenna. 

In the proposed antenna, the Electromagnetic energy (EM) is 

coupled via the connector to the transmission line in the 

feeding structure. Then, the EM energy is coupled from the 

transmission line to the surface of the 3D-printed structure via 

the resonance slot as shown in Fig.7. Therefore, the energy is 

coupled  to the surface of the structure in form of a transverse 

electric (TE) surface wave that is polarized in the x-direction 

(along 𝑆𝑊) and part of this energy is directly radiated via the 

slot and the rest of it, propagates on the surface of the structure 

and lost at antenna edges. However, introduction of the cavity 

and the corrugations excites the surface waves and the 

combined radiation from the slot, cavity and corrugations is 

responsible for the gain enhancement [21], [23]. Therefore, the 

antenna has a gain of 4.9 dBi at 28.5 GHz due to radiation 

from the slot only. Therefore, introduction of the corrugations 

and the rectangular cavity on top of the antenna surface 

improves the antenna gain by 4.7 dBi, as the antenna has a 

peak simulated gain of 8.7 dBi with corrugations and 9.6 dBi 

with the corrugations and cavity.   

IV. CONCLUSION 

A 3D-printed compact antenna for 5G applications is 

presented in this paper. The proposed antenna resonates at 

28.5 GHz with a measured bandwidth of 3.5 GHz. The 

antenna structure consists of a feeding layer as well as a 3D-

printed radiating structure. In addition, the 3D -printed is 

metalized by using EMI/RFI shielding conductive aerosol 

paint. Using EMI/RFI aerosol paint reduces the production 

cost of the antenna as well as it reduces the complexity of the 

fabrication procedure, while delivering decent performance 

suitable for millimeter-wave 5G applications.      
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