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Abstract ─ The increasing demand of ultra-wide band 

(UWB) antennas in reflector systems, especially for 

radioastronomy, necessitates the analysis of reflector 

losses for directive UWB feeds. UWB technology has 

significant advantages; however its usage in reflector 

systems brings some extra losses to be considered. 

Ideally, all areas of the reflector should be illuminated 

with equal energy from the feed antenna at all 

frequencies of the band. However, this is not possible 

for a wide band system. Different phase center 

locations and 10 dB beamwidth values at different 

frequencies within the band result in spillover, 

amplitude taper and phase losses in a reflector system. 

These losses should be analyzed in detail for the 

effectively working of the system. The purpose of this 

work is to discuss the additional losses that occur in a 

UWB reflector system and demonstrate these losses 

with a given example. A directive Vivaldi antenna is 

used as the feed antenna of the UWB reflector and the 

effect of the losses on the directivity is shown. 

 

Index Terms ─ Amplitude taper loss, cross-polarization 

loss, phase error loss, reflector, spillover loss, Vivaldi, 

UWB. 
 

I. INTRODUCTION 
Reflectors are widely used high-gain antennas for 

high-resolution radars and radioastronomy. Maximum 

gain for a reflector system is possible when there is 

uniform amplitude and phase distribution, no spill over 

and no ohmic losses. This case is not possible in 

practice. However, if the losses in a reflector system are 

known, it is possible to compensate them. The 

efficiency of a reflector system is investigated and the 

losses due to nonuniform amplitude and phase 

distribution, spillover, cross-polarization and feed 

blockage are investigated in [1-5]. Even the losses due 

to struts that support the feed of a primary-fed 

paraboloid are worked out [4]. In these works, it is 

shown that the losses and resulted efficiency of the 

system can be determined directly from the feed 

antenna pattern. Also, the gain of the system can be 

evaluated from the feed pattern that defines the aperture  

efficiency. 

Today, there is an increasing interest in extremely 

large bandwidth high-performance applications. Such 

applications range from deep space investigation to 

commercial telecommunication links and radars with 

high spatial resolutions [6-8]. Some applications, such 

as radioastronomy, often necessitate directive antennas 

as feeds of large reflector. When a wide band antenna is 

to be used as a reflector feed, the phase center variation 

with frequency introduces an error on the phase of the 

primary field impinging on the reflector surface. This is 

because the antenna phase center will be coincident 

with the focus only at one particular frequency and 

when displaced at other frequencies, phase error losses 

(PEL) due to axial defocusing increase [9]. High phase 

losses due to unstable phase center for an UWB system 

can be reduced by optimizing the positioning of the 

feed antenna [10]. This is even more critical for 

directive planar UWB feeds such as linear and 

exponentially tapered slot antenna. 

Optimum illumination of the reflector is achieved 

when the power radiated by the feed antenna is 10 dB 

less at the edges than its maximum at the center. Thus, 

10 dB beamwidth is mostly used to determine focus to 

diameter ratio (f/D) of the system. If the reflector is fed 

with an UWB antenna, 10 dB beamwidth would change 

within the operation band. At high frequencies of the 

band it gets smaller. Fixed f/D chosen at a specific 

frequency in the band will result as the spillover and 

amplitude taper losses at the other frequencies of the 

band. The choice of f/D for the UWB reflector will 

result as high spillover loss at low frequencies if f/D is 

chosen using the 10 dB beamwidth of the higher 

frequencies. Similarly, high amplitude taper loss is 

resulted with the usage of f/D determined at low 

frequencies for the dish. For a wide band reflector 

system, the losses due to varying phase, amplitude and 

spillover can disrupt the efficiency of the system. These 

losses should be accounted for different frequencies 

within the band and a compromise should be made for 

the placement of the feed antenna to reduce the total 

loss as much as possible. 

In this work, additional losses that occur in UWB  
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reflector systems are discussed and demonstrated with a 

directive UWB antenna fed reflector. UWB feed 

antenna is measured and simulated by a commercial 

software based on the finite-integration (FIT) method. 

A code using the measured pattern of the feed antenna 

is written. The constant phase surfaces on the feed 

antenna are determined and phase center variation with 

frequency is obtained. By numeric integration of the 

measured feed pattern additional losses are calculated. 

The effect of these losses on directivity is demonstrated. 

In the next section, the well-known reflector loss 

definitions are considered for UWB reflector systems. 
 

II. LOSSES OF A REFLECTOR IN UWB 

APPLICATIONS 
A feed antenna at the focus of the parabolic 

reflector radiates energy towards the reflector, which 

reflects it into a narrow beam of energy. In order to 

have optimum performance from a reflector antenna, 

the feed antenna has to be matched to the parabolic 

reflector. The maximum gain is achieved when the 

reflector surface is uniformly illuminated by a feed 

antenna with a constant field and feed pattern should 

drop to zero at the edges. However, practical feed 

antennas have radiation patterns that drop gradually at 

the edges. Thus, for the feed antenna, a compromise 

between spillover and adequate illumination has to be 

made [5]. Some of the power radiated by the source cannot 

be intercepted by the reflector. The power that spills 

over the edge results as spillover loss. Spillover loss of 

the system can be found by using the feed pattern [1]: 
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( , )E    is the feed pattern and  12tan / (2 )b b f   

where b is the central blockage radius of the feed 

antenna. o  is the half subtended angle of the reflector 

and relates to f/D by  12tan 1/ (4 / )o f D  . 

Traditionally, the reflectors are designed in a way that 

the power radiated by the feed antenna is 10 dB less at 

the edges compared to its maximum at the center of the 

reflector. The difference between the desired feed 

pattern and the actual feed radiation pattern results in 

illumination loss. The illumination loss consists of 

phase losses and amplitude taper losses. An additional 

requirement for optimum performance is that all the 

feed energy be in phase, so that it appears to be radiated 

from a single point at the focus. A unique phase center 

at the focus of the reflector would eliminate phase error 

losses. These losses can be evaluated from the feed 

pattern. The phase error loss (PEL) can be estimated 

with the integral of the feed pattern [1]: 
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Unequal phase center locations in different planes 

introduce phase error losses due to astigmatism. It is 

detected by the depth of the nulls in the E- and H-planes. 

Phase error loss due to astigmatism is not as severe as 

the losses due to axial defocusing [1]. 

All rays from the focus of the reflector travel the 

same physical distance to the aperture plane. The 

aperture distribution has uniform phase if the phase 

center is coincident with the focus. However, there is 

going to be a non-uniform amplitude distribution on the 

aperture plane. This is because the power density of the 

rays departing from the focus propagates spherically 

until it reaches to the reflector surface. The spherical 

wave spreads from the feed as 1/  . At the surface of 

the reflector, the wave curvature changes to a plane 

wave and propagates to the aperture plane at a constant 

amplitude. The amplitude taper losses can be evaluated 

from the feed pattern by [1]: 
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Some part of the feed energy is reflected back from 

the reflector surface into the feed antenna and doesn’t 

become part of the main beam. This loss is referred to 

as feed blockage loss. In the expressions given by (1)-

(3), losses due to the blockage of the feed antenna are 

also accounted in the integration of the feed pattern. 

The illumination loss together with spillover loss 

and blockage losses determines the aperture efficiency 

of the reflector system. In the above expressions, the 

cross-polarized power radiated by the source is ignored. 

The cross-polarization efficiency (XOL) is given as: 
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where Ec is the co-polarized field and Ex is the cross- 
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polarized field [1]. These polarizations corresponds to 

Ludwig’s [11] third definition of cross-polarization. 

If the efficiency definitions given above are used to 

express the directivity of the reflector system, the 

directivity can be given as: 

2 2 210log

( ) ( ) ( ) ( ),

( / ) ( )r bDir D D

SPL dB ATL dB PEL dB XOL dB

  
 

   


(5) 

where rD  is the reflector diameter and bD  is the 

diameter of the central blockage [1]. 

In UWB reflector applications, the feed antenna 

covers a wide frequency range. Both the radiated 

pattern and phase center on the feed will change with 

frequency. Thus, the loss definitions should be considered 

within the operation band, and a compromise should be 

made to have the lowest performance degradation for 

the reflector system. Hereafter, the above loss definitions 

are considered for the wide band case.2 

10 dB beamwidth of the feed antenna used to 

define f/D ratio of the reflector system for optimum 

illumination will decrease as the frequency increases 

within the band. If f/D ratio is chosen according to the 

beamwidth of the lowest frequency as demonstrated in 

Fig. 1 (a), the reflector illumination will be compatible 

with low frequencies. As a result, the system will have 

low spillover at low frequencies and high amplitude 

taper loss at high frequencies. Similarly, if f/D ratio is 

chosen with 10 dB beamwidth of the highest frequency, 

the reflector illumination will be compatible with high 

frequencies and the system will have high spillover at 

lower frequencies. (Fig. 1 (b)). 

To determine the phase center location of a 

radiating element, spherical measurements of the 

antenna are mostly used [12]. Phase center location, 

which is the point on the feed where the radiation 

spreads spherically outward, with the phase of the 

signal being equal at any point on the sphere, moves 

with changes in the frequency. The evaluation of the 

feed center from the feed radiation pattern is described 

in [9]. In any wide band application, phase error losses 

are unavoidable. 
 

 
 (a) 

 
 (b) 

 

Fig. 1. Spillover and amplitude taper losses at: (a) low 

frequency and (b) high frequency. 

 

Phase center variation of a directive antenna is 

demonstrated in Fig. 2. The blue point is the focus point 

of the paraboloidal reflector. With its current positioning, 

it would be possible to illuminate the reflector perfectly 

at low frequencies of the band. However, at high 

frequencies there will be distance between the phase 

center location and the focus point of the reflector. This 

will result in phase error losses in the system. The 

variation in phase center location with frequency results 

as axial defocusing. 
 

 
 

Fig. 2. Phase center variation of a directive UWB 

antenna at high and low frequencies of its band. 

 

In UWB reflectors, the feed blockage loss will 

have different levels at different frequencies. The losses 

at each frequency should be considered separately. If 

the feed antenna is a 3-D antenna, like widely used horn 

feed, the blockage error is even more critical [13]. If the 

feed antenna is a planar one, like the Vivaldi antenna, 

which is a well-known reflector feed, the blockage error 

will be seen in one plane only since the thickness of the 

antenna is very small on the other plane. In Fig. 3, the 

blockage effect of a planar antenna is demonstrated at 
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high and low frequencies. In Fig. 3 (a), the reflector is 

fed from the phase center of a lower frequency within 

the band. The blockage angle is shown with blue area. 

In this case, blockage in E-plane is less due to wider 

pattern compared to the blockage of the feed antenna 

fed from the high frequency phase center given in  

Fig. 3 (b). In these two figures, the E-plane blockage is 

demonstrated. In Fig. 3 (c), almost zero blockage due to 

planar feed antenna can be observed in H-plane. 

 

 
 (a) 

 
 (b) 

 
 (c) 

 

Fig. 3. Blockage demonstration for (a): E-plane fed from 

low frequency phase center, (b) E-plane fed from high 

frequency phase center, and (c) H-plane fed from high 

frequency phase center. 

 

III. ADDITIONAL LOSSES OF A VIVALDI 

FED REFLECTOR ANTENNA 
Vivaldi which is known as exponentially tapered 

antenna, is an end fire radiator usually supported on a 

thin, low r  substrate. Despite the completely planar 

geometry of Vivaldi, it can produce almost symmetric 

radiation patterns in the E- and H-planes. As the length 

of the antenna increases, its beam width narrows and 

the directivity increases. They are the most utilized 

antennas in UWB high-performance applications. They 

are travelling wave type antenna with a directional 

radiation along its aperture [14-15]. Its time domain 

characteristics are investigated and proved to be 

weakly-dispersive in [16-18]. 

To demonstrate the additional losses of a high-gain 

UWB reflector antenna, a long Vivaldi shown in Fig. 4 

is used. Its dimensions are demonstrated in Fig. 4 (b). 

The antenna operates in the band of 2 GHz – 12 GHz 

(6:1 bandwidth). The length of the exponential tapering 

is 2.13 wavelengths at the lowest frequency and its 

exponential flaring is given by ( ) ( / 2) az
slotS z W e , 

where 018.0a  and 0.43slotW mm . A quarter 

wavelength open circuit stub is used for UWB 

matching. The dielectric constant of the dielectric 

material of the antenna is chosen 2.33r  , and the 

thickness of the substrate is 0.635 .t mm  

 

 
 (a) 

 
 (b) 

 

Fig. 4. (a) Vivaldi antenna in measurement setup, and 

(b) its dimensions. 
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Scattering parameters of Vivaldi antenna have been 

measured using an Agilent vector network analyzer, 

which is able to perform measurements up to 70 GHz. 

The matching behavior of Vivaldi has been investigated 

in terms of S11. The transmit–receive antenna link has 

been characterized in terms of S12. The absolute gain 

has been measured as a function of the frequency by 

comparison with reference standard gain horn. Vivaldi 

antenna presented in this paper is analyzed by means of 

the commercial code CST based on the finite-integration 

(FIT) method. The measured and simulated directivities 

of the Vivaldi antenna are given in Fig. 5. 
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Fig. 5. Measured and simulated directivities of the 

Vivaldi antenna. 

 

The Vivaldi antenna used to demonstrate UWB 

losses of a reflector antenna has a directive pattern over 

a very wide band. This is a demand for an UWB 

reflector feed. However, high directivity necessitates 

the usage of a long Vivaldi. This will result as high 

phase center variations on the antenna. The Vivaldi 

antenna given in Fig. 4 has a slot length 8.75 mm. z-axis 

starts from the end of the slot and goes along the 

flaring, which is 32 cm long. In Fig. 6, the phase center 

variation of this antenna is given. Phase centers are 

obtained from measurement results by detecting the 

locations where almost constant phase within 10 dB 

beamwidth is obtained on the antenna for the frequency 

of interest. 
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Fig. 6. Phase center positions of the Vivaldi antenna at 

E- and H-plane. 

The phase center locations demonstrate the 

positions on the antenna where the antenna spreads 

spherically to free space with a constant phase at that 

specific frequency. The vertical axis of the figure 

demonstrates the z-axis and variations of the phase center 

along the flaring of the Vivaldi with frequency. At  

12 GHz, where the H-plane pattern has 37o as the 10 dB 

beamwidth, the phase center is close to the end of the 

slot both for E- and H-planes. At lower frequencies, the 

phase center is close to the end of the antenna flaring in 

both planes. At 2 GHz, it is further than 22 cm from the 

slot. The 10 dB beamwidth at this frequency is 85o. As 

expected, at high frequencies, the wave departs from a 

location close to the slot; whereas at lower frequencies, 

the departure point moves towards the flaring of the 

antenna. The phase centers are investigated both in E- 

and H-planes. Similar characteristics are observed. The 

variation between the lowest and highest frequencies in 

H-plane is 17 cm, which is 6.8 wavelengths at the highest 

frequency. It is 9.5 cm in E-plane, which is equal to 3.8 

wavelengths at 12 GHz. This distance between phase 

center locations at lowest and highest frequencies will 

cause the phase error loss due to axial defocusing. The 

10 dB beamwidth in H-plane varies from 85° to 37° 

between 2 GHz and 12 GHz. Similarly, the beamwidth 

in E-plane varies with frequency between 90° and 60°. 

Thus, the reflector is designed with the feed subtended 

angle of 70°. This results in the focal length to reflector 

diameter ratio (f/D) of approximately 0.8. This f/D is 

determined using the beamwidth at 4 GHz. This point is 

chosen as the point on the feed antenna that coincides 

with the focus of the reflector. As defined in the second 

section, f/D ratio results as the spillover and amplitude 

taper losses. Since, the observed system works, ultra-

wide band lower losses are expected at the frequency 

where the f/D is chosen and the location where the feed 

antenna is mounted. In Fig. 7, the losses for this case 

are demonstrated. By human based optimization, this 

location is determined as the location which gives the 

lowest total loss. The losses are obtained from the 

integration of the feed pattern. Since the focus is at the 

phase center of 4 GHz, lower PEL is seen at that 

frequency. Also, the reflector is designed according to 

the 10 dB beamwidth of that frequency. Thus, lower 

spillover can be observed in both H- and E-planes. In 

Fig. 8, the directivity of an ideal reflector is given with 

the black solid line. The reduction effect of the losses in 

directivity is demonstrated. The curves of this figure are 

obtained by using Eq. (5), which shows the effects of 

losses on directivity. The blue line shows the directivity 

in H-plane fed by Vivaldi from the focus at the phase 

center at 4 GHz. Due to lower blockage error in this 

plane, lower loss is observed; especially at frequencies 

close to 4 GHz. Since blockage is less in H-plane (see 

Fig. 3 (c)), it is expected to see higher directivity at H-plane 

around 4 GHz. 
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Fig. 7. Losses of the Vivaldi fed reflector antenna: (a) 

E-plane and (b) H-plane. 
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Fig. 8. Directivity of the reflector system. 

 

IV. CONCLUSION 
In reflector applications, it is desirable to have a 

single feed that covers the entire frequency band of 

operation with a symmetric, directive pattern, dual-

linear polarization, and frequency invariant phase center 

and radiation pattern [13]. However, when an UWB 

reflector is discussed, phase center and radiation pattern 

variation with frequency is guaranteed. These variations 

with frequency result as phase error loss, spillover loss, 

amplitude taper loss and blockage error in the reflector 

system. Since these losses are unavoidable, the effects 

of them on the reflector system should be analyzed to 

have knowledge on the performance of the system. In 

this work, additional losses that occur in UWB reflector 

systems are discussed and demonstrated with a Vivaldi 

fed reflector. By using the measured pattern of the feed 

antenna, the constant phase surfaces on the feed 

antenna are determined and phase center variation with 

frequency is obtained. By numeric integration of the 

measured feed pattern, additional losses are calculated. 

The effect of these losses on directivity is demonstrated. 
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