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ABSTRACT A dual-reflector antenna with a self-supported subreflector is proposed. The supporting 

structure is made of dielectric material and it is part of the feeding of the antenna, which is based on 

Cassegrain optics and works at X-band. The feeding subsystem includes the primary feed, subreflector 

supporting structure and subreflector surface in a single dielectric piece, resulting in a compact, light and 

low-cost solution. First, the subreflector and its feeding subsystem, based on a Dielectric Rectangular 

Waveguide (DRW) along with a hyperboloid, are described, and the phase center of the DRW and the antenna 

optics are defined. Then, two effective techniques to mitigate the refraction caused by the dielectric were 

proposed. Finally, the design was validated through the fabrication of a Cassegrain antenna using a 3D 

printing technique. Measurements and simulations show a very good agreement and an antenna of 26 dBi of 

directivity with overall very good performances is obtained, validating both the proposed subreflector and 

the designing technique. 

INDEX TERMS Reflector antenna, dual-reflector antenna, 3D printed antennas, aperture antenna, fused 

filament fabrication, Cassegrain optics.

I. INTRODUCTION 

   Reflector and dual-reflector antennas are extensively used 

in applications with high gain requirement such as satellite 

communications [1], radars [2], or space missions [3]-[4]. 

Due to their geometry, reflector antennas achieve a plane wave 

at the antenna aperture, obtaining a high gain, low cross-

polarization and high efficiency antenna [5]. However, the 

primary feed in centered configurations is still a problem since 

the feed has to be placed in the middle of the antenna aperture, 

causing some blockage in the reflected field and reducing the 

antenna efficiency. Although this issue is reduced using offset 

optics, the primary feed needs an auxiliary structure increasing 

the complexity of the antenna. In addition, a transmission line 

or waveguide should be used to guide the signal to be radiated 

to the primary feed, which introduces ohmic losses.  As a 

solution, dual-reflector antennas have been proposed since 

they typically enhance parameters such as gain or antenna 

efficiency [5]. In addition, the sidelobe level, the overall ohmic 

losses and the noise figure are also reduced compared with 

single reflector antennas [6] because the electronics, such as 

the receiver, can be placed directly behind the reflector and the 

antenna feed does not require a long transmission line or 

waveguide. In this case the blockage is not due to the feed but 

for the subreflector and the structure needed to sustain it. In 

order to avoid supporting structures for the subreflector, there 

has been some research with the aim of obtain a self-supported 

subreflectors. One of the most common solution in literature 

is the use of different types of hat-feed [7]-[12], which has 

proven to be a compact structure to obtain good 

performances in terms of aperture efficiency [8]-[9] because 

of the corrugations of the metallic hat. However, these 

corrugations make this solution complex in terms of 

manufacturing process. 

    On the other hand, the popularity of 3-D printing techniques 

to manufacture antennas has increased in recent years because 

of the cost reduction in the manufacturing process [13]-[15] 

and the capability to produce complex shapes in an easy way, 

mainly compared with classic 3D milling techniques. These 

manufacturing techniques have been proposed to be applied 

to reflector antennas [16]-[17], but they are just few works 

that represent an usual case where only the 3D printing 

process concerns the reflector, which is later metallized, and 
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they employ standard antennas as primary feeds. The 

metallization of the reflectors can be achieved through very 

different techniques, such as [18] vacuum metallization, 

electroplating or conductive coating. The latter case is faster 

and more inexpensive that the other two and it is especially 

suitable when dielectric is the manufacturing material, since 

it can be applied with aerosol or painting. This metallization 

technique gives generally good results as it can be observed 

for instance in [19], where a 3D printed reflector antenna is 

used in terahertz band and conductive silver spray is used. 

    In this paper, a dual-reflector antenna with a novel 

dielectric self-supported subreflector is proposed as an 

innovative solution exploiting the advantages of 3D printing 

techniques instead of the traditional use of supporting struts. 

The proposed subreflector is validated through the design 

and manufacture of a Cassegrain antenna, discussing the key 

steps of the designing process. The whole structure is entirely 

made of dielectric, polylactic acid (PLA), and then 

conductive spray is used to coat the surfaces of the reflectors. 

In particular, the feeding subsystem includes the primary 

feed and the subreflector and it is fabricated in a unique 

piece. The antenna works in the entire X-band, being 

validating the designing process through the very good 

agreement between measured and simulated results. This 

solution results in a compact, light and inexpensive antenna 

due to the advantages of 3D-printing techniques. 

 

 
II. DESCRIPTION OF THE ANTENNA 

A. CASSEGRAIN ANTENNA 

   A Cassegrain antenna is a dual-reflector antenna, which is 

composed of a main parabolic reflector, a hyperbolic 

subreflector and a primary feed. In the case of a centered-

optics configuration, both the phase center of the feed antenna 

and the axis of the subreflector are aligned with the axis of the 

paraboloid, and the structure has axial symmetry. The main 

section produced by a plane that contents the 𝑧 − 𝑎𝑥𝑖𝑠 of the 

structure results in a parabola and one branch of a hyperbola, 

as it is shown in Fig. 1. The reflective surfaces of the 

paraboloid and the hyperboloid are obtained by the axial 

rotation of the parabola and hyperbola respectively around the 

𝑧 − 𝑎𝑥𝑖𝑠. 

   Parabola and hyperbola are both conic sections, with one and 

two foci, respectively. If the phase center of the feeding 

antenna is placed coincident with one of the foci of the 

hyperbola, 𝐹! in Fig. 1, the radiation produced by the feed 

antenna and reflected by the subreflector would seem to be 

coming out apparently from the other focus, 𝐹". Moreover, if 

the focus of the parabola, 𝐹 in Fig. 1, is coincident with F2, the 

parabola is illuminated by a spherical wavefront with origin in 

F and therefore it is perfectly focused. Ideally, a plane wave is 

formed at the antenna aperture and, consequently, a high 

directivity beam is obtained [5]. However, a structure to hold 

the subreflector is needed, introducing some blockage for the 

main reflector. 

B. PROPOSED SELF-SUPPORTED SUBREFLECTOR 

AND FEEDING SUBSYSTEM 

   Instead of the standard structure, a self-supported 

subreflector that also includes the feeding system is proposed, 

obtaining a very compact and one-piece structure as Fig. 2 

shows. The feeding system is designed to be fed through a 

standard rectangular waveguide and a Dielectric Rectangular 

Waveguide (DRW) with a transition made with a H-plane 

linear taper [20]. The taper ensures that only the fundamental 

mode is propagated to the DRW and reduces reflection losses. 

At the end of the DRW a dielectric cone with modified base is 

attached. The base of the cone is modified to be a hyperbolic 

shape instead of flat and is metallized to reflect the incident 

rays, so it acts as a subreflector of the Cassegrain antenna. The 

result is a single dielectric piece that includes the feeding and 

subreflector elements of the antenna and it can be easily joined 

to the flange of the metallic waveguide. 

   This concept is valid either for central or offset subreflector 

configurations, even so for simplicity in this first approach it 

is applied to central configurations. The geometry of the feed 

system is detailed in Fig. 3, where the hyperbola centered in 

(0, 0, 𝑧#) is defined by  

 

FIGURE 1.  Schematic representation of the side view of a 

Cassegrain antenna, along with the trajectories that four generic 

rays would follow (in blue). 

 

FIGURE 2. Side view of a Cassegrain antenna with a self-supported 

subreflector, along with the trajectory that one example ray would 

follow (in blue), using the proposed feeding subsystem. 

 



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI

10.1109/ACCESS.2020.3038739, IEEE Access

 

VOLUME XX, 2017  
3 

(%&%!)
"

("
− )"

*"
= 1 (1) 

𝑐" = 𝑎" + 𝑏" (2) 

   where 𝑎, 𝑏 and 2𝑐 are the transverse and conjugate semi-

axes and the focal length of the hyperbola, respectively. These 

parameters fully define the hyperbola shape and, therefore, 

they are the first to be determined along with the desired radius 

of the subreflector 𝑟+	(see Fig. 3) in order to define the optics. 

The maximum 𝑧 value of the delimited hyperbola sets the 

length 𝐿" (see Fig 3). 

   Then, the lines between the ends of the hyperbola and the 

ends of the DRW define the cone, which it can be seen as the 

DRW widening, and the value of 𝐿!, which determines the 

position of the virtual vertex of the cone, is given by (3). Note 

that h is the diagonal of the section of the DRW. 

𝐿! = 𝐿" , "⁄

.#&, "⁄
 (3) 

  The angle 𝛼 in equation (4) denotes the angle of the 

generatrix and the axis of the cone, which means the opening 

of the DRW respect to the 𝑧 − 𝑎𝑥𝑖𝑠, so the size of the feeding 

subsystem is proportional to it, and it is defined as  

𝛼 = 𝑎𝑡𝑎𝑛 8 .#

/$0/"
9 (4) 

   Although this approach achieves a relative compact and 

auto-supported structure, there are some drawbacks that 

should be in mind. The field reflected by the hyperboloid 

propagates through two media, dielectric and air, and the 

medium discontinuity should be taken into account. The 

outcoming rays towards the subreflector are refracted in the 

interface air-dielectric, following the Snell’s law [21]. 

Consequently, the reflector is defocused since the foci 𝐹" of 

the hyperbola and 𝐹 of the parabola do not match anymore. As 

a result, the plane wave at the antenna aperture is not formed 

properly. Thus, the antenna should be designed in order to 

ensure that the foci 𝐹!, 𝐹" and 𝐹 are accurately placed. 

 
III. DESIGN PROCESS 

   In this section, the process for the determination of the foci 

of both the paraboloid and hyperboloid is discussed. Firstly, 

the procedure consists of setting 𝐹! by finding the phase center 

of the DRW, so 𝐹" can be determined by fixing a focal length 

of the hyperboloid. Secondly, two different approaches to 

locate the focus of the paraboloid at 𝐹" are proposed in order 

to enhance the focusing of the antenna. One of them involves 

the focal length of the paraboloid, whereas the other is based 

on the adjustment of the subreflector geometry. 

A. DRW PHASE CENTRE CHARACTERIZATION 

   If the DRW is attached to a dielectric cone, a spherical 

wavefront will be generated in this homogeneous medium at 

the end of the DRW. However, the origin of this spherical 

wave front may be found in a point, at the DRW, which can 

be considered the phase center of the feed. Thus, the focus 𝐹! 

of the hyperbola (see Fig. 3) must match this point, behaving 

the phase center as the focal point of the hyperbola. In order to 

determine its position, an auxiliary elliptical dielectric lens is 

used. The idea is to connect the DRW with the lens using a 

dielectric block that ensures a homogeneous propagation 

medium. When the focus 𝐹! of the lens is placed at the DRW 

phase center, a maximum of directivity may be found, since it 

means perfect collimation and a maximum aperture efficiency 

[22]. Let us suppose the dielectric structure shown in Fig. 4, 

which is composed by a DRW, an elliptical dielectric lens and 

a rectangular block of the same dielectric material. The focus 

of the lens 𝐹! is located at 𝑧	 = 	0. Then, the length block is 

shorted Δ𝑧, thus the lens is displaced, and the focus of the lens 

is varied along z-axis. Once 𝐹! is at the phase center of the 

DRW, a maximum of the directivity is obtained.  

   In order to validate this method, the structure shown in Fig. 

4 is simulated in CST Microwave Studio [23], using a 

dielectric material with 𝜖. = 2.75, and placing the focus F1 in 

different positions between 0 and 10	𝑚𝑚 from the end of the 

DRW. The focal length [24] of the lens is 98.82	𝑚𝑚, the 

minor and major axes of the ellipse are 50	𝑚𝑚 and 

110.75	𝑚𝑚, respectively. The length of the dielectric block 

𝐿*1234 − Δ𝑧 (see Fig. 4) is 33.76	𝑚𝑚, and the length of the 

DRW is 25	𝑚𝑚. The directivity versus Δ𝑧 is shown in Fig. 5, 

where a maximum of 18.5 dBi is reached at 3	𝑚𝑚 from the 

end of the DRW. 

 

FIGURE 4.  Side view of the dielectric structure used to locate the 

phase center of the DRW. 

 

 

FIGURE 3.  Geometric representation of the side view of the 

proposed feeding subsystem. 
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B.  INFLUENCE OF THE FOCUS OF THE PARABOLOID 

   Once the phase center of the DRW is found, it can be used 

as the focus 𝐹! of the hyperbolic subreflector. The other 

parameters of the antenna optics can be then determined 

considering the second focus of the hyperboloid 𝐹" and the 

focus 𝐹 of the parabolic main reflector, which must match in 

an ideal case. As it was shown in Fig. 1, in a Cassegrain 

antenna the rays that go towards the main parabolic reflector 

once reflected by the hyperboloid surface converge at 𝐹" due 

to the properties of the hyperbola. However, in the proposed 

feed, the rays are refracted in the interface between the 

dielectric and the air, and the propagation direction changes 

according to their angle of incidence [24]. Thus, the rays 

towards the main reflector do not converge at a single point 

but infinite as Fig. 6 depicts. The main consequence is that a 

perfect plane wave cannot be obtained at the antenna aperture, 

including the case of 𝐹 and 𝐹" are located at the same point, 

and additional techniques are needed to minimize this 

defocusing effect. 

   One approach is based on increasing the focal length of the 

paraboloid of the main reflector a value 𝑑5 with respect to the 

case 𝐹 = 𝐹", as shown in Fig. 6. Although there is not a single 

converge point, most of the rays converge in a certain area. If 

the focus of the parabola 𝐹 is placed at this area, the parabola 

will be focused properly, and the refraction effect will be 

reduced. Then, most of the rays will be parallel at the antenna 

aperture and a plane wave will be nearly obtained. 

   In order to validate this approach, the directivity of a 

complete antenna as the one of Fig. 6 was simulated in CST 

Microwave Studio [23] as a function of 𝑑5, with a hyperboloid 

with 𝑏 = 50	𝑚𝑚 and 𝑐 = 60	𝑚𝑚, a subreflector with 𝑟+ =
50 mm, which fixes 𝐿" = 103.90	𝑚𝑚, a DRW of 25	𝑚𝑚 of 

length, and a parabolic main reflector with 300	𝑚𝑚 of 

diameter and 149.50	𝑚𝑚 of initial focal length. Then, this 

focal length was increased a value dF obtaining different 

values of directivity, as shown in Fig. 7. In this case the area 

where most of the rays converge is between 40 and 60	𝑚𝑚 

away from 𝐹", since the difference of directivity due to the 

election of 𝑑5 is negligible there and directivity is maximum 

in this area. Specifically, the optimal point to place 𝐹 is 

50	𝑚𝑚 away from 𝐹", having 1.5 dB more than the case 

where 𝐹 = 𝐹". The results probe that placing the focus 𝐹 in 

the area where most of the rays converge for every geometry 

leads to maximizing directivity since the antenna is properly 

focused. 

C.  INFLUENCE OF THE GEOMETRY OF THE FEEDING 

SUBSYSTEM 

   In previous section it was demonstrated that there is not a 

single convergence point of the rays but an area due to 

refraction in the dielectric-air interface, leading to an 

uncertainty about which is the optimal point to place F since 

the values in that area are very similar and tend to the 

maximum. This means that a focus zone is obtained instead a 

focus point. In this section, the approach is based on reducing 

the convergence area to reduce the uncertainty and to place it 

as close as possible to 𝐹" by controlling the geometry of the 

cone and subreflector, defining a structure that intrinsically 

achieves a proper focusing due to the reduction of refraction 

at the interface dielectric-air. 

 

 FIGURE 7.  Variation of the directivity as a function of the distance 

between 𝑭 and 𝑭𝟐, starting from the reference setting (𝑭 = 𝑭𝟐, 𝒅𝑭 =

	𝟎) 

 

FIGURE 5.  Directivity vs penetration of 𝑭𝟏 in the DRW, used to 

determine the phase center of the primary feed. 

 

FIGURE 6.  Qualitative representation of the solution to the problem 

of refraction by increasing the focal length of the parabola. In orange, 

the trajectory of the rays with the new paraboloid, flatter than the 

previous one. 𝑭𝒐𝒑𝒕𝒊𝒎𝒂𝒍 denotes de position of 𝑭 where maximum 

directivity is obtained. 
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   The angle a (see Fig. 3) defines the tilt of the interface 

dielectric-air and it has influence in refraction since the 

deviation depends on the angle of incidence of the outcoming 

rays from the subreflector by the Snell’s law [21]. Applying 

this law, in a general case without normal incidence with 

respect to the normal of the interface, situations (a) and (c) in 

Fig. 8, the rays are refracted having a higher transmitted angle. 

However, under normal incidence there is no deviation of the 

rays, see case (b) in Fig. 8. 

   The goal of the method is to make the interface between the 

dielectric and the air as perpendicular as possible to most of 

the rays coming from the subreflector, thus finding a balanced 

solution and minimizing the effect of defocusing because of 

refraction as represented in Fig. 8. There are parts of the 

interface that are practically tangent to the spherical wavefront 

with origin in 𝐹", so that angles of incidence of the rays are 

close to be normal to the interface, being most of the rays 

properly focused in that case. Note that in the case of 

deviation, the rays may be directed towards the reflector, 

increasing the blockage of the subreflector as in case (a), or in 

the opposite angle, increasing the spillover as in case (c). 

   Specifically, normal incidence is achieved in the point of 

tangency between the cone and the spherical wavefront with 

𝐹" as origin, and this point depends mainly on the eccentricity 

of the hyperbola, the radius of the subreflector 𝑟+ (see Fig. 3) 

and the longitudinal length of the feeding subsystem 𝐿! + 𝐿" 

(see Fig. 3), giving an angle 𝛼 which has to minimize 

refraction. If this point is placed very close to the edge of the 

subreflector, all rays will be practically curved to the reflector 

by refraction. If it is placed close to the point where rays are 

blocked, most of them will be directed outside the main 

parabolic reflector. Because of that, there will be an area of the 

cone where fixing the point of tangency to make the interface 

close to the circumference, mitigating the effect of refraction 

and achieving higher directivity values. 

   In order to validate the method three geometries of the 

feeding subsystem were analyzed, all of them having the same 

eccentricity. The parameters of the geometries are detailed in 

Table I. The main difference between them is that the distance 

between foci of hyperbola was gradually decreased. As a 

consequence, the radius 𝑟+ was also decreased to reduce the 

blockage produce by the subreflector and giving higher angles 

𝛼 in this case.  

 
TABLE I 

PARAMETERS OF THE COMPARED SUBREFLECTOR GEOMETRIES 

Parameter Geometry 1 Geometry 2 
 

Geometry 3 

b (mm) 50.0 30.0 20.0 

c (mm) 60.0 36.0 24.0 

rs (mm) 50.0 45.0 40.0 

L1 (mm) 38.1 29.3 25.6 

L2 (mm) 103.9 68.9 50.7 

a (°) 19.4 24.6 27.7 

 

 As shown in Fig 9, a parabolic main reflector of 300	𝑚𝑚 of 

diameter was added to simulate Geometries 1, 2 and 3 in CST 

Microwave Studio [23], with a focal length of 149.5	𝑚𝑚, 

 

FIGURE 8.  Reduction of refraction with an appropriate geometry of 

the feeding subsystem (enlarged view), with 𝒏𝟏 > 𝒏𝟐. The dark blue 

point denotes the point where the spherical wave front is tangent to 

the medium discontinuity (normal incidence). Zooms: (a) and (c) 

Refraction cases; (b) No refraction 

 

 

FIGURE 9.  Side view of the analyzed subreflector geometries, where 

𝑭𝟏 and 𝑭𝟐 are the foci of the hyperbola and 𝑭 is the focus of the 

parabola. The orange line denotes the first ray that suffers blockage 

from the subreflector, the dark blue point denotes the tangency 

point, and the dashed blue circumference denotes the spherical 

wave with origin in 𝑭𝟐, where the dark blue dotted arc denotes the 

effective portion of it where rays do not suffer blockage. (a) 

Geometry 1, (b) Geometry 2 and (c) Geometry 3. 
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115.5	𝑚𝑚 and 91.5	𝑚𝑚, respectively. It also has been 

represented the arc of circumference that represents normal 

incidence in the effective surface of the cone, the part where 

the rays do not suffer blockage from the subreflector. The 

results of gain are summarized in Table II. In this case, higher 

gain is obtained with Geometries 2 and 3 than with Geometry 

1. As shown in Fig 9, the tangency point is nearly to the edge 

of the subreflector in Geometry 1, and the interface dielectric-

air is far from being normal to the rays. In the case of 

Geometries 2 and 3 their points are more in the middle of the 

effective area making the interface very close to the 

circumference, achieving very low incidence angles at most of 

its surface. Note that different points of tangency give similar 

results, and the increase in directivity due to the refraction is 

less significative than in Geometry 1. These results validate 

the proposed method as a principle of design of the proposed 

antenna to find an optimal geometry of feeding subsystem and 

subreflector. 
TABLE II 

GAIN (dB) OF THE SIMULATED SUBREFLECTOR GEOMETRIES USING CST 

Parameter Geometry 1 Geometry 2 Geometry 3 

Gain (dB) 16.90 22.54 22.08 

 
IV. EXPERIMENTAL VALIDATION 

A. ANTENNA OPTICS 

   In order to validate the techniques a dual-reflector antenna at 

10 GHz is manufactured using a 3D printing technique. The 

used DRW has a rectangular section of dimension 12	𝑚𝑚 ×
	24	𝑚𝑚 and a length of 39	𝑚𝑚, and the transition to the WR-

90 that feeds the system is done by a linear H-plane taper. 

   The design was carried out to minimize the effect of 

refraction by making the interface dielectric-air as 

perpendicular as possible to the rays. The best geometry of 

those analyzed, in terms of gain, is Geometry 2 from Table I. 

The value of the diameter of the main reflector was fixed at 

300 mm (10l at working frequency), and the focal length of 

the paraboloid, 115.5 mm, is such that F=F2, being in this case 

negligible the improvement obtained displacing F. 

B. PRIMARY FEED CHARACTERIZATION 

   The structure composed of the DRW and the cone acts as the 

primary feed of the antenna propagating the wave towards the 

subreflector. The structure is measured and simulated in a full-

wave simulation in order to study its performances. In Fig. 10 

the return losses both measured and simulated are compared 

in the whole X-band, from 8 to 12 GHz. In a first approach, 

the PLA dielectric constant was estimated to 2.75 [25], even 

so the simulated 𝑆!! shows a shift regarding the measured 𝑆!!. 

After a slight variation in the PLA permittivity from 2.75 to 

2.65, a highly agreement between measurements and 

simulations is found and shows a good match of the structure, 

mainly due to the linear H-plane taper. Hereinafter, the 

dielectric constant of the PLA is set to 2.65. The electric field 

distribution on a plane in front of the subreflector is shown in 

Fig. 11 and the main planes in Fig. 12. The spillover efficiency 

of the subreflector is estimated in a 73.76% (1.32 dB loss), 

according to Fig. 12, while the taper on the subreflector 

surface is not symmetrical regarding its main planes, and a 

taper of -15 dB is found in 𝜑 = 0° and 𝜑 = 90°, for subtended 

half-angles of 𝜃 = 23.5° and 𝜃 = 21.5° respectively.  

 

FIGURE 11. Copolar electric field at the subreflector plane at z=52.9 

mm, showing the illumination shape and the spillover.  

 

 

FIGURE 10.  Comparison of the return losses measured and 

simulated of the proposed feeding system. 

 

 

FIGURE 12.  Main planes of the simulated E-field distribution of the 

primary feed in a plane at z=52.9 mm, which is the plane at the 

subreflector aperture. 
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C. FABRICATION 

   The antenna geometry given by the parameters of the 

previous section was manufactured using Fused Filament 

Fabrication, a 3D-printing technique based on depositing 

stacked layers of a thermoplastic material trough a mobile 

extruder to conform the piece. The dielectric used was 

polylactic acid (PLA), a thermoplastic with 𝜖. 	= 	2.75 and 

tan 𝛿 = 	0.015	@60	𝐺𝐻𝑧 [25]. The prototype was printed 

using an Ultimaker 3, which its maximum printing volume led 

to slice the main reflector into 6 pieces in order to make 

feasible printing it, whereas the feeding subsystem remained 

in one PLA piece, as shown in Fig. 13. The pieces were printed 

in PLA with a precision of 0.2	𝑚𝑚, enough since the 

wavelength at 10 GHz is much larger and small imperfection 

on the reflector surfaces intrinsic to the manufacturing process 

do not affect the performance [19]. 

   Once the pieces were manufactured and assembled, the 

reflector parabolic and subreflector hyperbolic dielectric 

surfaces were metallized. The metallization was applied using 

a conductive metal spray (841AR from MG Chemicals) to 

coat uniformly those surfaces. The final dual reflector is 

shown in Fig. 14. 

D. MEASUREMENTS 

   The manufactured dual-reflector antenna was evaluated in 

the anechoic chamber at the University of Oviedo. The setup 

consists of the dual-reflector and a standard pyramidal horn 

antenna of 20 dBi gain as probe, both connected to the ports 

of a vector network analyzer R&S©ZVK of Rohde&Schwarz. 

The field was evaluated in a spherical range at several 

frequencies between 8 and 12 GHz, covering the whole X-

band. 

     Because of the dimensions of the antenna under test and 

measurement facility, the acquisition is carried out in near-

field (NF) and transformed to far-field (FF) with a near-field 

to far-field (NF-FF) transformation. The two spherical 

components of the electric field (𝐸> and 𝐸?) are measured in 

a 3-D acquisition. Then, the SNIFT from TICRA [26] is used 

to carried out the NF-FF transformation based on Spherical 

Wave Expansion (SWE).  The resulting radiation pattern at 10 

GHz is shown in Fig. 15. The peak directivity is 26.1 dBi and 

the maximum value of cross-polar, which is in the 𝜙 = 45° 
plane, is 6 dBi, resulting in 20 dB of CP/XP ratio, and the side 

lobe level is around 12 dB. The measured gain of the antenna 

is 24 dBi, and the difference with the original simulated value 

(23.11 dBi) is due to overestimate the losses of PLA, since the 

antenna has been also simulated considering lossless materials 

and 26.28 dBi gain has been obtained. The efficiencies of the 

antenna have been computed, obtaining 70.41% spillover 

efficiency (1.52 dB loss) and 61.63% blockage efficiency 

(2.10 dB loss). In the case of the equivalent ideal Cassegrain 

antenna, the cumulative loss gain because of aperture 

efficiency is in the order of 2.8 dB, [27]. The prototype was 

thoughtfully aligned using a laser, consequently the main 

beam is in the direction (0,0) and good symmetry is obtained 

about the boresight axis. This symmetry can also be observed 

at Fig. 16, where measured and simulated co-polar normalized 

radiation patterns of the antenna at 10 GHz in the 𝜙 = 0° and 

𝜙 = 90° planes are compared, along with the cut where 

maximum cross-polar, 𝜙 = 45°. Very good agreement 

between simulations and measurements is obtained, validating 

the manufactured antenna and the proposed self-supporting 

subreflector model. 

   Moreover, the variation of the radiation patterns in the X-

band is shown in Fig. 17, from 8 to 12 GHz, which 

corresponds with the recommended use bandwidth of a WR-

90 waveguide. Although the maximum directivity is slightly 

 

FIGURE 14.  3D-printed dual-reflector antenna with the proposed 

subreflector in the measurement chamber. 

 

 

FIGURE 13.  Final antenna design: (a) Main Reflector (b) Feeding 

subsystem (Taper, DRW, Cone and Hyperbolic Shape). 
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lower for frequencies below 10 GHz (design frequency) 

because for those frequencies the main reflector is electrically 

smaller, the difference is 2.9 dB or less, resulting in a 

broadband solution with fractional bandwidth larger than 

40%. Therefore, the antenna is focused on the whole band and 

the major limitation in the bandwidth is the monomode 

operational bandwidth of the WR-90 waveguide used as 

primary feed. 

   Only few published works may be found about self-

supported structures as subreflector in reflector antennas and 

one common approach in literature to obtain one of these 

compact structures is the waveguide hat-feed, which is based 

on metallic corrugations. Two of these models have been 

chosen to make a comparison with the proposed antenna as 

they are also fed by waveguide and their operating frequency 

is in X-band, and the result is shown in Table III. Specifically, 

in [8] a metallic hat-feed with dielectric head is proposed and 

it is tested along with a parabolic reflector, presented as a 

solution to achieve high values of phase efficiency. In [9], a 

novel type of hat-feed is proposed using only metal as 

material. As shown in Table III, the proposed antenna exhibits 

lower directivity than both hat-feed models, but this is due to 

the use of dielectric as propagating material in the feed and the 

use of much smaller subreflector. On the contrary, it achieves 

higher aperture efficiency values, computed as the product of 

spillover and illumination efficiencies, and larger bandwidth, 

providing a better broadband solution than the analyzed 

models. 

 

FIGURE 15.  Measured radiation pattern at 10 GHz at (a) Co-polar and 

(b) Cross-polar. 

 

FIGURE 16.  Measured and simulated radiation patterns in the main 

planes, where 𝝓 = 𝟎° (H-Plane) and 𝝓 = 𝟗𝟎° (E-Plane). 

 

 

FIGURE 17.  Measured co-polar radiation patterns across the X-band 

in the main planes. (a) 𝝓 = 𝟎° (H-Plane) and (b) 𝝓 = 𝟗𝟎° (E-Plane) 
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V. CONCLUSIONS 

   A Cassegrain antenna with novel dielectric self-supported 

subreflector is proposed in this paper as a low cost and 

effective solution. The structure is based on a cone ended in 

a hyperboloid shape attached to a DRW and it is fully made 

of dielectric, resulting in a compact, light and low-cost 

technological solution. With a hyperboloid defined, the 

design essentially comprises the location the phase center of 

the DRW and foci of the hyperbola. Refraction may be 

caused using dielectric, but two different design techniques 

are proposed in order to mitigate its effect. Both proved 

effective, one is based on increasing the focal length of the 

main reflector and the other one is based on a suitable design 

of the subreflector. Specifically, the proper election of the 

distance between foci, the eccentricity, and the radius of the 

subreflector can achieve lower defocusing and higher gain. 

A Cassegrain antenna was manufactured using a 3D printing 

technique and PLA as dielectric in order to validate the 

proposed subreflector at 10 GHz. Conductive metal spray 

was used to make the metallization of the reflector surfaces. 

There is very good agreement between simulations and 

measurements, obtaining an antenna with 24 dBi gain and 

low-level sidelobes, good behavior in the frequency band 

and a CP/XP ratio of 20 dB, which demonstrates the good 

performance of the subreflector. Additionally, these results 

validate the proposed designing technique, which may be 

extended to millimeter frequencies in future developments. 
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