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Abstract—In this paper, authors propose to manufacture an 

ultra-wideband open boundary quad-ridged antenna using a 3D 
printing manufacturing method followed by a chemical 
metallization process. The lowest operating frequency has been 
decreased from 550 MHz to 300 MHz using dielectric slots. 
Furthermore, the structure of the antenna is optimized in term 
of weight and reached only 1100 g for an overall size of 
442x442x442 mm3. Finally, measurements show good 
performances over the frequency band from 300 MHz to 6 GHz. 

Index Terms— dielectric slots, lightweight, open boundary 
quad-ridged, ultrawideband antenna, 3D printing. 

I.  INTRODUCTION 
The huge expansion of wideband applications in military, 

wireless communication or biomedical domains, show that 
wideband antennas have become essential components in 
radiofrequency applications. Since the early of 1960’s, the 
challenges associated to ultra-wideband antennas such as the 
radiation performances over the bandwidth, weight, 
compacity or cost have been widely studied [1]–[6]. Among 
all types of wideband antennas, the dual-ridged [1] and quad-
ridged [2] antennas are commonly used and generally allow to 
achieve bandwidth up to 20:1. 

The multiplication of wideband applications coupled with 
a need of higher performances seems to lead toward an 
increased complexity of RF structures. Consequently, new 
shapes of antennas are studied, conducting to longer 
development time, heavier devices, and thus higher cost. 

This last decade, the emergence of plastic additive 
manufacturing techniques has carried out an important 
number of researches in radiofrequency devices: lens [7], 
waveguide slotted antenna [8], orthomode transducer [9] or 
front end device [10]. The wide accessibility of these rapid 
prototyping methods makes them an interesting alternative to 
conventional manufacturing techniques. Unlike conventional 
machining, 3D printing allows to manufacture extremely 
complex shapes with a minimum of constraints and 
development time.  

The new degrees of freedom thus unlocked can be 
exploited to optimize the weight of structures without 
affecting radiofrequency performances as reported in [11] and 
[12]. In these articles, a waveguide and then a dual ridged horn 

antenna are completely perforated with electrically small 
holes which allowing to decrease drastically the global weight 
of the structure. Moreover, the usage of low volume density 
plastic materials in [12] minimizes the weight of 
radiofrequency devices. 

In this paper, an open boundary quad-ridged antenna is 
first designed with conventional parameters. Then, dielectric 
slots are added on the flares and allow to increase the electrical 
length of the antenna, thus to decrease the lowest operating 
frequency. Finally, the shape of the antenna is optimized and 
perforated with electrically small holes to remove the 
maximum amount of material without affecting the 
mechanical integrity and the performances of the antenna. 

II. ANTENNA CONCEPTION 

A. Reference antenna 
The reference antenna is designed according to 

conventional open boundary quad-ridged antennas which 
allow to achieve ultra-wideband performances from 550 MHz 
to 6 GHz. The exponential taper has proved its interests in 
wideband solutions for antennas [2], [13] and has been 
consequently chosen for the geometry of each flares. 
Regarding the considered manufacturing technique, the back 
cavity is circular which avoids any cantilevers surfaces as well 
as keeping the wideband matching of the antenna. The antenna 
is fed using two coaxial probes separated by a few millimeters 
to isolate the two orthogonal polarizations. The height, width 
and length of the body are equal to 442 mm. The design of the 
reference antenna and the feeding probes coaxial RG402 
cables are shown in Fig. 1. The inner and the outer profiles of 
the ridges are terminated with a circularly shape. The profiles 
follow the values given in Tab. 1. 
 The antenna is simulated using the full-wave simulator 
HFSS™ and shows good matching results over the frequency 
band from 550 MHz to 6 GHz as presented in Fig. 2. However, 
the matching level under 700 MHz reaches -7 dB. 

B. Bandwidth enhancement using dielectric slots 
In this section, authors propose to increase the electrical 

length of the antenna by adding dielectric slots on each of 
flares.  



  

  
Fig. 1. Design and parameter given in mm of the reference antenna 

 

TABLE 1. WIDTHS VALUES OF THE RIDGE ALONG THE ANTENNA   

𝑳(𝒛) 𝑾𝑰𝑵(𝒛) 𝑾𝑶𝑼𝑻(𝒛) 

0 3 120 

34 3 122 

102 4.4 165 

170 12 227 

238 46 394 

306 126.2 430 

340 200 390 

 

 
Fig. 2. Simulated scattering parameters of the reference antenna 

 
 This technique [13] applied on a planar Vivaldi antenna 
shows a reduction of the antenna size regarding to its lowest 
operating frequency. First, to keep mechanically strong 
structure and an easy printability, the slots height and width 
are respectively chosen to 𝐻,-./ = 10	𝑚𝑚 and 
𝑊,-./ = 	20	𝑚𝑚. The electrical properties of the dielectric 
material are fixed to	𝜀8 = 2.87		and tan 𝛿 = 0.027 which 
correspond to the measured properties in S band (2.2 GHz – 
3.3 GHz) of the used resin.  

 
Fig. 3. Model of the microstrip line approach for the determination of 
the effective permittivity 
 

 
 

Fig. 4. Design and parameters of the antenna with the dielectric slots 
 

 
 The slots will resonate at the frequency where their lengths 
are equal to a quarter of the guided wavelength. Since the local 
structure is in a mixed medium, the challenge is to determine 
the effective permittivity seen by the wave inside the slots in 
order to calculate its length. As an approach to get an initial 
value for the electromagnetic optimization, the problem is 
solved as a microstrip transmission line as shown in Fig. 3. 
The slots inserted inside the two ridges can be seen as a 
substrate where two opposed and thick microstrip lines are 
separated by a perfect electrical conductor (PEC). The 
effective permittivity can be calculated using the transmission 
line impedance tool LineCalc (ADS). The thickness of the line 
is restricted to 4.99 mm due to the model limitation (𝑇 < 𝑊 =
5	𝑚𝑚) but it should be sufficient to get an approximate value 
of the effective permittivity. The effective permittivity 
calculated on LineCalc (𝜀8 = 2.87	; 𝐻 = 5𝑚𝑚	;𝑊	 =
5	𝑚𝑚	; 𝑇 = 4.99	𝑚𝑚) is equal to 𝜀8FGG = 2.01 and leads to 
the following slots length 𝑙,-./: 
 

𝑙,-./ =
𝑐

4𝑓K𝜀8FGG
= 176	𝑚𝑚 

 
 Where 𝑐, the speed of light in vacuum and 𝑓 the desired 
resonant frequency (300	𝑀𝐻𝑧). 
 The length of the slots after optimization are changed to 
180 mm which gives better results. The slots have been placed 
at 𝐻1 = 322	𝑚𝑚 height from the bottom of the antenna and 
tilted by 𝜃 = 20	𝑑𝑒𝑔𝑟𝑒𝑒𝑠 (They cannot be place horizontally 
due to insufficient space). The design of the antenna with the 
slots is shown in Fig. 4.  



 
Fig. 5. Simulated scattering parameters of the antenna with the dielectric 
slots 

  
Fig. 6. Design of the final body of the antenna with all perforations 

  
 The simulated scattering parameters response is shown in 
Fig. 5. The results show that dielectric slots have induced a 
new resonance and allow the antenna to operate from 
300 MHz. 

C. Weight optimisation and mechanical considerations 
The low volume density of most plastic materials is 

commonly used to decrease the global weight of a structure. 
As an example, the resin used to print the structure is around 
1.1 g/cm3 against 2.7 g/cm3 for aluminum. Most of all, the 
flexibility of 3D printing allows to modify the structure easily 
in order to remove a huge amount of materials without 
disrupting antenna performances and maintaining a strong 
mechanical structure. 

The weight of the proposed antenna is drastically 
decreased by perforating the structure with multiple holes of 
different sizes. The small holes are designed to have a 
neglectable impact at the shortest wavelength at 6 GHz. The 
diameter of these holes is equal to 5 mm which correspond to 
0.1	𝜆 at 6 GHz. Then bigger holes (30 mm to 60 mm of 
diameter) are added in order to remove a higher volume of 
material. They are placed in the center of each ridge where 
the current density is lower than on their sides. In this way, it 
should have lower impact on the response.  The volume of 
material for the final antenna shown in Fig. 6 is around 430 
cm3 against 895 cm3 for the reference antenna.  

The simulated realized gain as a function of the frequency 
is presented in Fig. 7 for the antenna without holes, the 
antenna with the small holes, and the antenna with the small 
and big holes. The small holes reduce the realized gain at high 
frequencies above 5.5 GHz and the big ones above 1 GHz  

 
Fig. 7. Simulated realized gain of the final antenna 
 

 

 

(a) (b) 
Fig. 8. Photographs of (a) the printed antenna; (b) one of the printed 
dielectric slot  

 
where it is slightly lower in the privilege radiation direction. 
The final realized gain varies from 1.5 dBi at 300 MHz to a 
maximum of 11 dBi. 

The low mechanical properties of the plastic, compared to 
aluminum ones, can cause deformations at different steps of 
the manufacturing process due to the large dimensions of the 
antenna. Thus, several non-metallized structures are added as 
shown in green color in Fig. 6 and allow to keep the flares at 
a good distance from each other. These non-metallized 
structures are placed in order to limit the radiation 
perturbations and have not shown any noticeable impact on 
the scattering parameters response. 

III. MANUFACTURING DETAILS 
The antenna is manufactured in one piece using an SLA 

printer. The electrical properties of the resin are unknown, 
nevertheless, this resin has been used for purely mechanical  
purposes by being fully metallized. 

The slots are also manufactured with an SLA printer, 
therefore, the complex permittivity of the resin has been 
measured in S-band (2.2 GHz – 3.3 GHz) with a transmission 
line waveguide method and is equal to 𝜀8 = 2.87		and 
tan 𝛿 = 0.027. The printed antenna and slots are shown in 
Fig. 8. 
 The antenna is then metallized using the conventional 
chemical deposition reported in [14] on a slotted coaxial line: 
(i) surface roughness enhancement by dry sandblasting, (ii) 
palladium catalysis, (iii) 3 µm chemical copper deposition, 
(iv) 10 µm electrolytic copper deposition and (v) 10 µm  



 

 

 
(a) (b) 

Fig. 9. Photographs of the (a) printed antenna after the metallization 
process; (b) mechanical structures to rectify the deformations 
 

 
Fig. 10. Measured scattering parameters of the manufactured antenna 

 
electrolytic tin deposition. The significant thickness of the tin 
deposition is not mandatory, especially because the 
conductivity of tin is lower than the copper one. However, the 
large scale of the antenna makes an inhomogeneous thickness 
of deposition. The time in the electrolytic bath are thus 
increased and ensure a minimal thickness of tin on all surfaces. 
The selective metallization is done using pieces of tape. The 
final body is shown in Fig. 9 (a).  
However, due to the temperature of the metallization bathes 
(≈ 40	°𝐶 − 50	°𝐶), the flares of the antenna undergo 
deformations, especially on the slots and the base of the 
antenna where the feeders are placed. In order to rectify the 
structure, several non-metallized small pieces are added as 
shown in Fig. 9 (b). 
The final body measured weight comprising all slots and 
mechanical parts is equal to 1100 g which is light compared 
to the size of the antenna. 

IV. MEASUREMENTS 
 The scattering parameters of the manufactured antenna are 
shown in Fig. 10. The two polarizations are matched under           
-10 dB on the most part of the frequency band, however, few 
peaks reached -7 dB in the lowest frequencies’ region. The 
coupling between the two polarizations varies from -24 dB to 
-40 dB over whole the bandwidth. 

V. CONCLUSION 
An ultra-wideband quad-ridged antenna in the frequency 

band from 300 MHz to 6 GHz is manufactured using a 
stereolithography printing method followed by a selective 
metallization process. Four 3D printing dielectric slots have 
been added and allow to reduce the size of the antenna 
compared to its lowest operating frequency. The final body’ 
volume is 442x442x442 mm3 and the optimization of the 
structure maintains the weight lower than 1100 g. Finally, 
measurements are in good agreement with the simulations 
and present a global matching level lower than -10 dB with 
some regions at -7 dB at the lowest frequencies. 
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