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Abstract—This paper presents a reflectarray (RA) antenna 

operating at X-band with gain filtering and low radar cross section 

(RCS) properties. The unit cell (UC) for the proposed RA antenna 

design combines a band-notched absorber unit and a dielectric 

lens unit together, where the dielectric lens unit serving as a phase 

shift is coated on the absorber unit to achieve co-design. 

Importantly, it is required that the UCs should still maintain the 

high notch-band-edge selectivity property that the band-notched 

absorber originally has when the profile of the dielectric lens unit 

is varied to cover a full phase-cycle (2π) for the proposed RA 

antenna design. For demonstration, an absorber is presented with 

a high notch-band-edge selectivity and a wide absorption 

bandwidth performance in vertical and horizontal polarization, 

respectively; a dielectric lens based on square posts is rigorously 

designed to be coated on the absorber seamlessly to construct the 

desired UC. The simulated results show that the proposed RA 

antenna has a bandpass-like gain filtering performance and 

pencil-beam radiation patterns within the notch band, which is 

experimentally verified by the measured results. In addition, the 

measured results also reveal the RCSs of the proposed RA antenna 

are reduced significantly compared to counterparts of the 

conventional RA antenna in horizontal polarization and out of the 

notch band in vertical polarization.    

  

Index Terms—Reflectarray (RA) antenna, absorbing media, 

dielectric lens, phase shift, high gain, gain filtering, low RCS.  

 

I. INTRODUCTION 

HE REFLECTARRAY (RA) antenna is composed of a 

quasi-periodic set of unit elements mostly set in a regular 

lattice to emulate a specific phase-front transformation [1], [2]. 

RA antennas have successfully found many areas requiring 

high-gain applications in place of classical parabola antennas or 

phased array antennas. The functions of RA antennas are fully 
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developed in the past decades. The operating band(s) was 

extended from single-band to dual-band [3]-[8]; the operating 

polarization was improved from linearly polarized to circularly 

polarized [9]-[13], and so on. To accommodate the versatile 

wireless communications, the reconfigurable RA antennas were 

emerged to achieve various radiation performances by 

electronically or mechanically controlling phase responses of 

individual elements of the RA [14]-[17]. In [18], [19], RA 

antennas integrated with solar cells were reported to reduce the 

occupied area for different space and civilian applications 

[20]-[22]. The integrated RA antenna not only could have good 

radiation performance but also owe significant solar energy 

efficiency [18]. In [23], the authors utilized the perforated 

substrate to construct a broadband RA antenna. It was 

experimentally demonstrated that a 1-dB gain bandwidth of 

29.5% was achievable while its out-of-band RCS can be 

reduced. The authors in [24] employed the tightly coupled 

dipole element to achieve an ultra-wide-band RA antenna with a 

bandwidth ratio of 3.12:1. To eliminate the conductor or 

dielectric loss, the pure metal or pure dielectric is served as the 

element structure to construct RA antennas [25], [26]. However, 

they usually suffer from a relatively bulky volume. To expand 

the function of an RA antenna, a technical point could be 

considered that the radar cross section (RCS) of an RA antenna 

should be significantly reduced out of the operating band. 

In our previous literature [27], a band-notched absorber with 

high notch-band-edge selectivity was described. The notch band 

was generated by introducing two different resonances within a 

wide absorption band. The proposed band-notched absorber 

was also successfully assembled with a dipole antenna to 

achieve low radar cross section (RCS) [28], where the notch 

band was equivalently served as a necessary metal ground for 

the dipole antenna. It is found that the band-notched absorber 

unit had good potential to be employed to build an RA antenna 

with gain filtering and low-RCS properties. However, it is 

extremely difficult to maintain the high notch-band-edge 

selectivity of the absorber when the dimensions of the 

band-notched absorber unit are modified to cover a full 

phase-cycle (2π). In [29], the authors presented a methodology 

to control the reflection phase response from a 3-D bandstop 

structure backed with an absorbing material, where the 

reflection phase response of the structure within the reflection 

band is flexibly controlled by top-loaded metallic patches with 

variable size. As a result, a high gain and low radar cross section 
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RA antenna can be achieved based on the proposed 

methodology. However, it is found that when the size of the 

metallic patch is varied to satisfy a full phase-cycle (2π), the 

notch-band-edge selectivity of the UC is significantly degraded, 

which deteriorates the RCS reduction capability out of the 

stopband. 

In this paper, a reflectarray antenna with bandpass-like gain 

filtering and low-RCS properties is investigated in detail. We 

construct a new unit cell (UC) by fully employing a 

band-notched absorber unit and a dielectric lens unit, where the 

dielectric lens unit is coated on the band-notched absorber, 

serving as a phase shifter. It is required that the extra addition of 

the dielectric lens should not only achieve a full phase-cycle but 

also maintain the high notch-band-edge selectivity that the 

original band-notched absorber has. For demonstration, a 

band-notched absorber with a high notch- band-edge selectivity 

in vertical polarization and a wide absorption bandwidth in 

horizontal polarization is presented for a linearly polarized RA 

antenna application. The dielectric lens based on square posts is 

optimized as the phase shifter, coated on the band-notched 

absorber to construct the proposed new UC for achieving 

co-design. The simulated results demonstrate that the high 

notch-band-edge selectivity of the proposed UC is still 

maintained when the profile of the dielectric lens unit is varied 

to cover a full phase-cycle. Based on the UCs, the proposed RA 

antenna operating at X-band is then constructed, simulated, 

fabricated, and measured. The simulated and measured results 

demonstrate that the proposed RA antenna has a bandpass-like 

gain filtering and pencil-beam radiation within the notch band 

from 9.0 to 10.5 GHz, which are experimentally proved by the 

measured results. In addition, the measured results also reveal 

that the proposed RA antenna has great RCS reductions out of 

the notch band from 7 to 9.2 GHz in the lower band and from 

10.5 to 13 GHz in the upper band (corresponding to the 

fractional bandwidth of 27.16 % and 21.27 %, respectively) and 

a wideband RCS reduction from 7 to 13 GHz (with a fractional 

bandwidth of 60 %) in horizontal polarization compared to the 

counterparts of a conventional RA antenna. 

The outlines of the paper are organized as follows: in section 

Ⅱ, the procedures to achieve the proposed UC are described in 

detail; section Ⅲ presents the implementation of the proposed 

RA antenna using the proposed UCs; in section Ⅳ, the 

proposed RA antenna is fabricated, and its radiation patterns, 

realized gains, and monostatic RCS are measured and 

discussed; some remarkable conclusions are summarized in 

section Ⅴ.   

II.  UNIT CELL DESIGN 

A. Absorber with a high notch-band-edge selectivity in 

vertical polarization and a wide absorption bandwidth in 

horizontal polarization.  

In this subsection, a band-notched absorber is designed with a 

polarization-discrimination performance that it shows a high 

notch-band- edge selectivity in vertical polarization, and a wide 

absorption bandwidth in horizontal polarization.  

 

     
(a)                                                             (b) 

 
(c)                                                          (d) 

 
Fig.1. Geometries of the band-notched absorber unit. (a) Perspective view. (b) 

Front view of the upper layer. (c) Front view of the lower layer. (d) Side view. 

(a=12.0 mm, hs=1.0 mm, ls=10.5 mm, ws=1.0 mm, r=2.2 mm, ri=1.7 mm, 

ro=1.8 mm, g=0.3 mm, h=3.0 mm) 
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(b) 

 
Fig.2. Reflection coefficients of the proposed absorber under normal and 

oblique incidences in vertical and horizontal polarization. (a) TE-wave, (b) 

TM-wave. 
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Fig. 1 presents the geometries of the proposed absorber unit 

cell. It consists of two pairs of circular dipole-shaped metal 

strips in orthogonal position printed on the upper supporting 

substrate, a metallic rectangular strip array printed on the lower 

grounded supporting substrate. A pair of circular slot resonators 

is embedded on the dipole-shaped metal strips in vertical 

polarization. Four resistors with a relatively optimal value of 

100 Ohms are symmetrically assigned to connect these circular 

dipole-shaped metal strips together to achieve dual-polarized, 

and wide impedance match between the absorber with the free 

space further to obtain wide absorption bandwidth. The theory 

to realize the wideband absorption and the notch band with high 

notch-band-edge selectivity was explained thoroughly in our 

previous work [27] in detail. The supporting substrate used in 

the design is commercial F4B substrate with a thickness of 1 

mm, a relative permittivity of 2.5, and a dielectric loss tangent 

of tan δ =0.002. The dimensions of rectangles for commercial 

lumped resistors packaging are with 0.4 mm length and 0.2 mm 

width. For convenient description, it is specified that at the 

vertical polarization, the electric field is in the direction of the 

y-axis, while the electric field in the direction of the x-axis is 

horizontal polarization. 

As investigated in [27], the frequencies of the notch band can 

be flexibly controlled by modifying the dimensions of the 

metallic rectangular strip array in the lower grounded layer and 

circular slot resonators in the upper layer. Here, we make the 

frequencies of the notch band locating at X-band. Fig. 2 presents 

the reflection coefficients of the proposed band-notched 

absorber under normal and oblique incidences in vertical and 

horizontal polarization. It is observed that the proposed 

absorber shows a high notch-band-edge selectivity in vertical 

polarization and a wideband absorption performance in 

horizontal polarization simultaneously. In addition, the 

proposed unit cell shows stable reflection response in both 

vertical and horizontal polarization when illuminated with TE 

and TM waves incident at oblique angles up to 30 deg, as shown 

in Fig.2.  
 

         
(a)                                                         (b) 

 
Fig. 3. Geometries of the proposed unit cell. (a). Perspective view. (b). Side 

view of the dielectric lens unit.  
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Fig. 4. Reflection phase of the UC versus t at 10GHz under normal and 

TE/TM-wave oblique incidence. 
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Fig.5. Reflection coefficients of the UC in vertical polarization versus t. 
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Fig. 6. Reflection coefficients of the UC in horizontal polarization versus t. 

 

B. Implementation of the proposed unit cell (UC).  

The proposed UC is realized by a specified dielectric lens 

unit coated on the previous band-notched absorber unit in 

subsection A, where the dielectric lens unit is served as a phase 

shift to satisfy the desired phase compensations for the proposed 

RA antenna design. Fig. 3 shows the geometries of the proposed 

t 

p 
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UC. The dielectric lens unit is established by using the 

antireflection (AR) structure as described in [30]. It is well 

known that the operating bandwidth of the AR structure is 

inherently narrow due to the presence of the quarter-wavelength 

air posts as the transition parts. However, when we extend and 

modify the AR structure to make it operate at X-band, its 

operating bandwidth is sufficient for our design. The values of ta 

and p are determined after some optimizations, and they are 

equal to 4.52 mm and 9.0 mm, respectively. The material 

properties to establish the dielectric lens unit used here is with a 

thickness of t, a relative permittivity of 2.89, and a loss tangent 

of 0.003 at around 10GHz. 

As stated before, the proposed UC should still maintain the 

high notch-band-edge selectivity response of the original 

band-notched absorber when the profile of the dielectric lens 

unit is varied to cover a full phase-cycle (2π) for the proposed 

RA antenna design. Firstly, the reflection phase of the proposed 

UC is examined under the different thickness of t at 10 GHz as 

shown in Fig. 4. It is observed that the reflection phase of the 

UC can absolutely cover 360 deg when the thickness t is 

continuously varied from 13 mm to 36 mm under the normal 

incidence. The linear relation between the reflection phase and 

thickness t can also be extended to t < 13 mm and t > 36 mm. 

However, the thickness t is restricted by the value of ta that t 

must be large than 2* ta. On the other hand, the thickness t is also 

constrained by our available 3-D printed technology process. If 

the thickness t were too small, it would be very hard to ensure 

the desired performance of the dielectric lens unit. Therefore, 

the thickness t from 13 to 36 mm is determined to cover a full 

phase-cycle and good manufacture as well. The profile of the 

proposed dielectric lens would be promising to be further 

reduced if the relative permittivity of material for the proposed 

dielectric lens manufacture is higher. Our available material for 

the proposed dielectric lens manufacture is with a relative 

permittivity of around 2.89.      

In addition, the reflection phases of the proposed UC are also 

evaluated under transverse electric (TE) and transverse 

magnetic (TM) wave oblique incidences. From Fig. 4, it is seen 

that a relatively stable relationship between the reflection phase 

and t is obtained when the oblique incidence angle reaches up to 

30o. The reflection phase differences under normal and different 

oblique incidences would deteriorate the aperture efficiency of 

the entire RA antenna.  

Once the full phase-cycle property of the proposed UC is 

satisfied, the responses of the reflection coefficient of the 

proposed UC are also checked under these different thicknesses. 

For brevity, some discrete thicknesses (e.g., t=13mm, t=16mm, 

t=18mm, t=20mm, t=22mm, t=25mm, t=34mm, t=36mm) are 

selected to observe the reflection coefficients of the proposed 

UC. Fig. 5 and 6 present the reflection coefficients of the UC in 

vertical and horizontal polarization under these different 

thicknesses, respectively. Like the previous band-notch 

absorber, there still exists two absorption bands out of the notch 

band. It is also observed that the reflection amplitudes of the 

notch band are almost kept unchanged and can be served as a 

full reflectance. Although the absorption bandwidth and 

absorption capability out of the notch band are deteriorated 

more or less, the high band-notch-edge selectivity is still 

maintained under different thickness t, which is very important 

for the proposed RA antenna design. When t is equal to 25 mm, 

the absorption bandwidths in lower and upper reflection band 

are 5 to 9 GHz, and 12 to 16 GHz, respectively. In contrast, the 

absorption bandwidths in lower and upper reflection band are 

reduced to 5 to 9 GHz, and 12 to 16 GHz, respectively, when t is 

equal to 16 mm. Even though, an average fractional bandwidth 

of 45 % and 30.8 % for lower and upper reflection band with an 

absorptivity of more than 90 % is obtained, respectively. In 

addition, the wide absorption bandwidth approximately from 6 

to 14 GHz with a fractional bandwidth of 80% is also observed 

under these different thicknesses in horizontal polarization. The 

amplitude and phase responses of reflection coefficients of the 

proposed UC ensure it a good candidate to implement an RA 

antenna with bandpass-like gain filtering and low-RCS 

properties.  
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Fig. 7. The generalized mechanism of an RA antenna. 

                         

 
 
Fig. 8. The desired phase compensations on the aperture of the RA antenna at 

10GHz.  



0018-926X (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

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/TAP.2019.2911342, IEEE
Transactions on Antennas and Propagation

> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 

5 

III. REFLECTARRAY ANTENNA DESIGNED WITH THE PROPOSED 

UNIT CELL  

In this section, the proposed UCs described in section Ⅱ are 

fully utilized to construct an RA antenna with gain filtering and 

low-RCS properties for linearly-polarized source application. 

The dimension of the proposed RA antenna is with a diameter 

D=288mm (24 elements  24 elements). A linearly-polarized 

Qadri- rigid horn antenna is used as the feeding source, and is 

oriented toward the geometrical center of the RA aperture. To 

avoid the shadow effects of the centrally-fed RA antenna for 

radiation patterns, the offset-fed method is adopted in our 

design. The generalized mechanism of an RA antenna is 

illustrated in Fig. 7. The feeding source position is usually 

characterized by two geometric parameters: the offset angle θ 

and the length F. In addition, the focal-length-to-diameter (F/D) 

ratio and the offset angle θ are critical for the RA antenna design 

to obtain good radiation performance and optimal aperture 

efficiency [31]. However, in the actual case, the aperture 

efficiency is also closely related to phase errors, feed blockage, 

and loss from other sources, which means the measured aperture 

efficiency is lower than the optimal value. After some 

optimizations, the feeding source is tilted by 22o and is away 

from the RA aperture 168 mm. 

It is well known that the phase compensation of every UC is 

very important to achieve high gain and pencil-beam radiation 

patterns in a specified direction for RA antennas design. 

Considering the coordinate system as shown in Fig. 7, if the RA 

antenna is required to produce a focused beam at broadside 

((0o,0o)), the desired phase compensation ϕR (xi,yi) at element i is 

given by: 

 

( ) 0,R i i ix y k d =                                (1) 

 

where k0 is the propagation constant in a vacuum, and (xi, yi) the 

coordinates of element i. di is the distance from the phase center 

of the feeding source to the element i.  

Based on the Eq. (1), the phase distributions on the aperture 

of the RA antenna at 10GHz are calculated and plotted as shown 

in Fig. 8. Once the desired phase compensation at every UC is 

obtained, the thickness of every dielectric lens unit is easily 

deduced accordingly. The final model of the proposed RA 

antenna is therefore established, and its radiation patterns and 

gain performance are evaluated and simulated. 

 

IV. FABRICATION, MEASUREMENT, AND DISCUSSION  

In order to validate the effectiveness of the proposed UC for 

RA antenna to achieve bandpass-like gain filtering and 

low-RCS properties, the proposed RA antenna described in 

section Ⅲ is fabricated, and its radiation patterns, realized 

gains, and monostatic RCS are all measured to evaluate its 

performance. The band-notched absorber and dielectric lens are 

fabricated by our available standard printed circuit board and 

3-D printed technologies, respectively.  

 

 
(a) 

   
                            (b)                                                           (c) 

 
Fig. 9. Photographs of the proposed RA antenna. (a). Front view of the upper 

layer, (b). Front view of the lower layer, (c). Perspective view of the proposed 

RA antenna.  
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Fig.10. Comparisons of measured and simulated reflection coefficients of the 

proposed RA antenna. 

 

A. Fabricated prototype and reflection coefficient 

measurement. 

Fig. 9 shows the photographs of the fabricated band-notched 

absorber, dielectric lens, and the proposed RA antenna. There 

are 24 mounting holes around the peripheries of the lower and 

upper layers as shown in Fig. 9(a)-(b) to fix the lower and upper 

layers by using plastic screws. The separation between the lower 

and upper layers is determined with plastic pads with a thickness 

of 1mm. The commercial lumped resistors with 0402 packaging 

are soldered on the upper layer by using mechanical welding 

technique. 

For simplicity and accuracy to fix the feeding source, we also 

use the 3-D printed technology to print a dielectric holder to fix 

it, and the dielectric holder is printed with the dielectric lens 

together as shown in Fig. 9(c), which is good for the easy 

Mounting 

hole 

Zoom out 
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measurement of E- and H-plane radiation patterns for the 

proposed RA antenna. A horn antenna with a rectangular 

aperture is adopted to be served as the required feeding source. 

A probe-to-waveguide converter is used to excite the feeding 

source.  

The reflection coefficient of the proposed RA antenna was 

measured with Agilent vector network analyzer (N5244A) as 

shown in Fig. 10, where the simulated counterpart is also plotted 

for comparison. It is observed that the amplitude of the 

measured and simulated reflection coefficients are all below 

-15dB over 7.6 to 13GHz.  The discrepancies between the 

measured and simulated results are partly caused by the 

probe-to-waveguide converter employed in the practical 

measurement to excite the feeding horn antenna, and partly 

attributed to the manufacture errors of the feeding horn antenna. 

Fortunately, the discrepancies do not influence the performance 

of the proposed RA antenna. 
 

      
(a)                                                               (b) 

 
Fig. 11. Schematics of RA antennas (the feeding source is removed). (a). 

Conventional RA antenna, (b). Proposed RA antenna. 

 

          
 

Fig.12. Measurement setup and environment. 

 

B. Realized gain and radiation pattern measurement  

In order to demonstrate the bandpass-like gain filtering 

performance of the proposed RA antenna, its realized gains at 

broadside are measured from 8.0 to 12.4 GHz, where the 

counterparts of a conventional RA antenna are also measured 

for comparison. The conventional RA antenna used here is just 

implemented by replacing the band-notched absorber of the 

proposed RA antenna with a metallic plane as shown in Fig. 11.  

All measurements are carried out in our anechoic chamber. The 

measurement setup and environment are shown in Fig. 12. The 

electric field radiating from the source antenna is y-polarized.  
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Fig. 13. Comparisons of measured and simulated realized gains at broadside 

over 8.0 to 12.4 GHz. 
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Fig. 14. The measured co-polarization of the conventional and proposed RA 

antennas at 12.0 GHz in (a) E-plane, and (b) H-plane. 

 

The discrepancies between the simulated and measured 

realized gains are attributed to the following reasons: ⅰ). the 

unavoidable measurement tolerances; ⅱ). the uncertain and 

inaccurate dielectric properties of the used supporting F4B 

substrate and the dielectric lens; ⅲ). the machining accuracy for 

the dielectric lens unit. In addition, the aperture efficiencies (AE) 
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of the proposed RA antenna from 9.0 to 12.6 GHz are also 

calculated based on the measured gains and the area of the RA 

aperture as plotted in Fig. 13. It is observed that the measured 

AE of the proposed RA antenna is over 20 % from 9.0 to 12.6 

GHz. It should be noted that the AE of the proposed RA antenna 

is promising to be further improved by using low loss tangent 

material for dielectric lens fabrication.  

The measured boresight realized gains of the proposed and 

conventional RA antennas are presented in Fig.13, where the 

simulated realized gains are also plotted for comparison. The 

measured results are in great agreement with that of simulation. 

By comparing the realized gains of the conventional RA 

antenna, it is obviously found that the proposed RA antenna 

owes a bandpass-like gain filtering that high gains are observed 

within the notch band, while a sharp gain drop-off is also 

obtained out of the notch band. The phenomenon is reasonable 

as the proposed RA antenna shows an absorption performance 

out of the notch band. Specifically speaking, the most part of 

electromagnetic wave impinging from the free space is directly 

absorbed by the RA aperture, not scattered by the RA aperture 

and received by the feeding source out of the notch band. In 

order to verify the statement, the radiation patterns of the 

conventional and proposed RA antennas out of the notch band 

are evaluated. For brevity, the measured co-polarization of the 

conventional and proposed RA antennas in E- and H-plane at 

12.0 GHz are compared as shown in Fig. 14. It is seen that the 

conventional RA antenna shows pencil-beam radiation patterns 

at 12.0 GHz as expected. However, the radiation patterns of the 

proposed RA antenna seem disturbed at 12.0 GHz. The electric 

field level distributions of the proposed RA antenna with θ from 

-180 to 180 deg are much lower than the counterparts of the 

conventional RA antenna, which means the total received power 

of the conventional RA antenna is much higher than the 

counterparts of the proposed RA antenna.   

In order to validate the pencil-beam radiation patterns of the 

RA antenna within the notch band, the normalized radiation 

patterns of the proposed RA antenna are measured at 9.6 GHz, 

10 GHz, and 10.6 GHz, respectively. The measured results are 

shown in Fig. 15, where the simulated counterparts are also 

plotted for comparisons at these frequencies. From the 

comparison results, it is observed that the normalized radiation 

patterns of co-polarization in E- (yoz-plane) and H-plane 

(xoz-plane) of the proposed RA antenna at 9.6, 10, and 10.6 

GHz are all pencil-beam, and the normalized sidelobes below 

-10 dB at 9.6, 10, and 10.6 GHz are also obtained. The 

measured and simulated main beams of the proposed RA 

antenna at these frequencies are in great agreement. Moreover, 

the measured normalized radiation patterns of 

cross-polarization at these frequencies are also consistent with 

that of simulations, where -30 dB normalized cross-polarization 

levels are all obtained at these frequencies.    
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Fig. 15. Comparisons of measured and simulated normalized radiation patterns 

of the proposed RA antenna. (a) E-plane (yoz-plane) at 9.6GHz, (b) H-plane 

(xoz-plane) at 9.6GHz, (c) E-plane (yoz-plane) at 10.0GHz, (d) H-plane 

(xoz-plane) at 10.0GHz, (e) E-plane (yoz-plane) at 10.6GHz, (f) H-plane 

(xoz-plane) at 10.6GHz. (co-polarization: co-pol, cross-polarization: cro-pol.) 

 

C.  Monostatic RCS measurement  

In order to validate the low RCS properties of the proposed 

RA antenna, the monostatic RCSs of the conventional and 

proposed RA antenna is measured, compared, and evaluated. 

First of all, the simulated bistatic scattering patterns versus theta 

at plane cuts of phi= 0o, 45o, and 90o of the conventional and 

proposed RA antennas in vertical polarization are plotted in Fig. 

16 at three different frequencies of 7.0 GHz, 9.5 GHz, and 11.5 

GHz. As seen from the upper half-plane of the scattering 

patterns, the magnitude of the scattering power for the proposed 

RA antenna is smaller than that of the conventional RA antenna 

at 7.0 and 11.5 GHz, approximately corresponds to 10 dB and 6 

dB RCS reduction, respectively. The magnitude of the forward 

(theta = 0o) scattering power for the proposed RA antenna is 

almost the same as that of the conventional RA antenna at 9.5 

GHz. The simulated results are consistent and reasonable as the 

proposed RA antenna shows RCS reduction performance out of 

the notch band. It is also observed the magnitudes of backward 

(theta = 180o) scattering power are almost the same for both 

conventional and proposed RA antenna due to the existence of 

the same PEC backplane.  
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Fig. 16. Comparisons of RCS for conventional RA and proposed RA antennas. 

(a). simulated bistatic scattering pattern versus theta at plane cuts of phi= 0o, 

45o, and 90o at 7.0 GHz in vertical polarization. (b). At 9.5 GHz. (c). At 11.5 

GHz. Measured monostatic RCS for conventional and proposed RA antennas 

(d). In vertical polarization, and (e). In horizontal polarization. 

 

Then, the monostatic RCS of the conventional and proposed 

RA antennas are also examined by measurements in our 

available anechoic chamber. It should be noted that both 

feeding sources of the RA antennas are all terminated with 

matching loads during the measurements. Firstly, the 

monostatic RCSs of the conventional and the proposed RA 

antennas are measured in vertical polarization corresponding to 

the operating polarization of the linearly-polarized feeding 

source. From Fig. 16 (d), it is observed that there exists a great 

RCS reduction out of the notch band (lower and upper bands) 

for the proposed RA antenna; specifically speaking, there exists 

about 10 dB RCS reduction from 7 to 9.2 GHz and about more 

than 5 dB RCS reduction from 10.5 to 13 GHz, corresponding 

to the bandwidth fractional of 27.16 % and 21.27 %, 

respectively. The monostatic RCSs of the conventional and the 

proposed RA antennas in horizontal polarization are then 

measured. It is observed in Fig. 16 (e) that a great RCS 

reduction from 7 to 13 GHz is also obtained with a bandwidth 

fractional of 60 %. The measured results validate the 

effectiveness of the proposed RA antenna for low RCS 

properties.   

V. CONCLUSION 

In conclusion, a reflectarray (RA) antenna with gain filtering 

and low RCS properties are proposed in the paper. The desired 

UC to construct the proposed RA antenna is a combination of a 

band-notched absorber unit and a dielectric lens unit with a 

specific shape, where the band-notched absorber provides a 

high notch- band-edge selectivity and the dielectric lens unit is 

employed to cover a full phase-cycle (2π). It is found that when 

the profile of the dielectric lens unit is varied to obtain the 

desired phase compensations, the high notch-band-edge 

selectivity of the proposed UC is still maintained. The proposed 

RA antenna is then constructed with these UCs. The simulated 

results reveal that the proposed RA antenna has a bandpass-like 

gain filtering performance; and within the notch band, the 

radiation patterns of the proposed RA antenna are pencil-beams, 

which are all experimentally verified by the measured results.  

In addition, the monostatic RCSs of the proposed RA antenna 

are measured and evaluated, where the counterparts of a 

conventional RA antenna that the band-notched absorber of the 

proposed RA antenna is replaced by a metallic plane is also 

measured. The measured results show that a great RCS 

reduction is observed out of the notch band in vertical 

polarization and a wideband RCS reduction is also obtained in 

horizontal polarization for the proposed RA antenna. The 

measured results validate the effectiveness of the proposed RA 

antenna for low RCS property.  
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