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Abstract— A low radar cross section (RCS) and low profile 

antenna co-designed with absorbent frequency selective radome 

(AFSR) is investigated. A pair of circular slot resonators are 

embedded on surface of the AFSR to realize a transmission 

window in the vertical polarization, while the wide absorption 

band is still maintained in the horizontal polarization. When a 

patch antenna is etched within the AFSR, where the metal 

grounds of the patch antenna and AFSR are co-used, the 

co-designed antenna with low radar cross section and low profile 

is thus realized. For demonstration, an AFSR is designed whose 

transmission window at 8.90 GHz with a minimal insertion loss of 

0.45dB, two separate absorption bands (a lower absorption band 

from 4.8 to 7.5GHz, an upper absorption band from 10 to 13GHz) 

in the vertical polarization, and a wide absorption band (from 4.5 

to 12.5GHz) in the horizontal polarization. A patch antenna 

etched within the AFSR is optimized to operate at 8.9GHz, then it 

is simulated, and fabricated. The measured results demonstrate 

that the proposed antenna not only has good radiation patterns, 

but also obtains significant RCS reduction.  

 
Index Terms— Absorbent frequency selective radome, low RCS 

antenna, co-designed, frequency selective surface 

 

I. INTRODUCTION 

A radome is a device that place over the antenna that protects 

the radiating element from its physical environment (e.g., wind, 

rain drops, ice, and sand). From an electromagnetic view point, 

a qualified radome should be transparent to radio frequencies so 

that it does not degrade the electrical performance of the 

enclosed antenna, and can also absorb the electromagnetic 

wave outside the passband. As a result, the role of a radome can 

be of crucial importance in reducing the antenna radar cross 

section (RCS) [1]-[5]. Generally, in-band RCS is dominated by 

the antenna itself, it thus can not be reduced by radome, 

whereas far out of band, the RCS will be dominated by the 

shape or the by the absorption performance of the radome. 

Consequently, an absorbent frequency selective radome is 

preferred that can transmit electromagnetic wave within the 

antenna’s operating band, and can also absorb the out-of-band 

electromagnetic wave to realize low out-of-band RCS. There 
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are several amazing frequency selective radome (FSR) 

designed for antenna applications [6]-[13]. In [6], the authors 

proposed a wideband 3D frequency selective rasorber whose 

operating frequency at 4.15 GHz with a minimal insertion loss 

of approximately 2.5 dB, and has a wide absorption band which 

is just located in the upper band of the transmission window. 

Likewise, the authors in [7] also presented a FSR placed in 

front of a horn antennas. Its operating frequency is 

approximately 4.1GHz with an insertion loss of 0.3 dB, while it 

can also only realize electromagnetic wave absorb in the upper 

band compared with the antenna’s operating frequency band. In 

order to realize lower and upper bands of the transmission 

window absorption simultaneously, the authors in [8] designed 

a two-layer FSR to form a relatively wide transmission window 

with small insertion loss, whereas the out-of-band absorption 

bandwidth (e.g., lower and upper bands of transmission 

window) is extremely narrow. Due to the proposed structures 

are highly symmetric in the foregoing literatures [6]-[9], the 

overall performances thus are identical in horizontal and 

vertical polarizations. Another significant drawback of the 

foregoing FSRs is that its total profile is too high and it is not 

designed with antenna together to realize co-design and to 

evaluate its impacts on antenna’s radiation patterns. 
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Fig. 1. Geometries of the proposed low radar cross section and low profile 

antenna co-designed with absorbent frequency selective radome. (a). Overall 

structure. (b). Side view. (c). Unit view of frequency selective radome. (d). 

Explanation schematic of the proposed antenna. (e). Front view of the lower 

layer. 
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In this communication, an antenna co-designed with AFSR 

to realize low RCS and low profile is investigated and 

discussed in detail, which can be regarded as the application 

expansion of our previous publication [14] A frequency 

selective radome (FSR) is designed with a minimal insertion 

loss at 8.9 GHz by introducing a pair of circular slot resonators 

etched on the surface of FSR. In order to implement an AFSR, a 

lower layer with rectangle metal strip arrays embedded on the 

surface of the supporting dielectric substrate is placed exactly 

under the FSR with a definite separation, where two separate 

absorption bands (a lower absorption band from 4.8 to 7.5GHz, 

an upper absorption band from 10 to 13GHz) in the vertical 

polarization, and a wide absorption band ranging from 4.5 to 

12.5GHz in the horizontal polarization are obtained 

simultaneously. A patch antenna etched among the metal strip 

array in the lower layer is optimized to work at 8.9 GHz as well, 

where the metal grounds of the patch antenna and the AFSR are 

co-used. The proposed low radar cross section and low profile 

antenna is thus realized. Then, it is simulated, fabricated with 

optimal dimensions, and measured. The simulated and 

measured results over reflection coefficients and radiation 

patterns are compared with that of a conventional patch antenna 

with identical dimensions. The comparative results verify that 

the usage of the AFSR doesn’t significantly influence the 

performances of the antenna. Additionally, the monostatic RCS 

at θ=0o of the proposed antenna is also measured, and 

significant RCS reductions are obtained compared with that of 

the conventional patch antenna.  

 

II. THE IMPLEMENTATION OF PROPOSED LOW RADAR CROSS 

SECTION AND LOW PROFILE ANTENNA CO-DESIGNED WITH 

ABSORBENT FREQUENCY SELECTIVE RADOME 

A. Analysis of the frequency selective radome and expansion 

to absorbent frequency selective radome 

Fig. 1. presents the geometries of the proposed low radar 

cross section and low profile antenna co-designed with AFSR. 

It consists of a radiation patch and a dual-polarization absorber 

with a transmission window in one polarization and a wide 

absorption in the orthogonal polarization. The radiation patch is 

located among the metal strip arrays in the lower layer as shown 

in Fig. 1(a). 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-direction is horizontal polarization. The 

supporting substrates in this design are all F4B dielectric 

substrate with a thickness of 1mm, a relative permittivity of

2.5r   , and a dielectric loss tangent of tan 0.002   . To 

implement a transmission window, a pair of circular slot 

resonators are embedded on dipole-shaped metal strips in the 

vertical polarization [as shown in Fig. 1(c)]. The so-called 

frequency selective radome (FSR) is achieved. The lumped 

resistors mounted in the gap of dipole-shaped metal strips are 

used for wideband absorption match. The S-Parameters of the 

FSR is simulated by full-wave numerical method, and the 

simulated results are shown in Fig. 2. The minimal insertion 

loss obtained from full-wave simulation is 0.45dB at 8.9GHz.  

In order to verify the transmission performance of the FSR, 

the equivalent circuit in the vertical polarization is established 

as shown in Fig. 3. For brevity, the specific extraction method 

for the equivalent circuit is ignored, which has been 

investigated in detail in our previous work [14]. The numerical 

values of circuit components in the equivalent circuit are 

evaluated and obtained using the cascade of the transmission 

matrices suggested by Ref. [15]. The values of β, Z, l are 

characterized as the properties of supporting substrate. 

Fig.2 compares the simulation results in terms of full-wave 

and equivalent circuit simulation, where great agreements 

between them are observed. The insertion loss obtained from 

equivalent circuit is much fewer than that of full-wave 

simulation, this is due to the ideal transmission line and ideal 

conductor used in the equivalent circuit. The definite values of 

circuit components are listed in Tab. I. 

Additionally, another pairs of circular slot resonators can 

also be embedded on the dipole-shaped metal strips in the 

horizontal polarization to introduce another transmission 

window so that two transmission bands in the two orthogonal 

polarizations can be realized. The frequencies of the orthogonal 

transmission bands can be tuned individually by control the 

perimeters of respective circular slot resonators. Here, we just 

focus on the single transmission band serving for the single 

polarization antenna. The intact dipole-shaped metal strip in the 

horizontal polarization has a potential to significantly reduce 

the RCS within a wide frequency band in this polarization.  
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Fig. 2. S-Parameters of the frequency selective radome’s obtained by full-wave 

simulation and equivalent circuit in the vertical polarization. 
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Fig.3 The equivalent of the frequency selective radome in the vertical 

polarization. 

 

In order to expand the FSR to AFSR, a lower layer with 

rectangle metal strip arrays are etched on the surface of 

supporting substrate as shown in Fig. 1 (e). The function of 

these rectangle metal strip arrays together with the circular slot 
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resonators in the dipole-shaped metal strip are thoroughly 

investigated in our previous work [14], where they can 

introduce two separate absorption bands which locate at lower 

and higher of the transmission window in the vertical 

polarization and maintain the wide absorption band in the 

horizontal polarization simultaneously. 
 

Tab. I. The definite numerical values of circuit components 

 

L1 C1 L2 C2 R 

4.1nH 0.12pF 9.1nH 0.0245pF 200ohms 

 

B. The overall structure of the proposed antenna and its 

working mechanism 

Fig. 1(a) presents the overall structure of the proposed low 

radar cross section and low profile antenna co-designed with 

AFSR. Several rectangle metal strip resonators in central 

position of the lower layer is replaced by a rectangle patch 

antenna, whose metal ground is co-used with that of the AFSR. 

A coaxial feeding technique is used to excite the patch antenna, 

the definitive feeding location is in the central line of radiation 

edge, and approaching to one edge. The dimensions of the 

radiation patch are marked as shown in Fig. 1(a); their values 

are as follows: lf=10mm, wp=9.8mm, lp=8.3mm. 

The operation mechanism of our proposed antenna is 

explained.  Due to the two layers of our proposed structure, 

there must exist multiple reflections if electromagnetic wave 

comes to it. Supposing that there is an electromagnetic wave S 

as shown in the Fig. 1 (d) (for brevity, just one reflection is 

considered), when this electromagnetic wave comes to the 

plane P, part of the S will go through plane P, which is denoted 

by St in the diagram. The rest of S will reflect back at the plane 

P, which is marked as Sr. When the St comes to the plane P’, the 

reflective electromagnetic wave Str is obtained since there 

exists a metal ground in the back of the lower layer. Then, the 

Str will transmit through the plane P, that is Strt in the diagram.  

The overall reflection coefficient is the superposition of Sr and 

Strt. However, if there is a patch antenna in the lower layer, the 

transmitted electromagnetic wave St will be received by the 

antenna because the terminal of the antenna can be served as 

perfectly matched instead of terminal-shorted. 

 
Tab. II. The optimal dimensions of the proposed absorbent frequency selective 

radome unit (unit: mm) 

 

a r r1 r2 w1 w2 

12.6 2.4 2.0 2.1 0.8 1.3 

w3 w4 g gs ws ls 

0.6 1.2 0.3 0.8 1.0 11.0 

h h1 l1 l2 Rfront Rback 

4.0 1.0 1.0 0.8 100ohms 82ohms 

 

III. MEASUREMENT AND SIMULATION OF THE PROPOSED 

ANTENNA 

In this section, the proposed antenna with optimal 

dimensions listed in Tab. II is fabricated and measured. All the 

measurements are carried out in our anechoic chamber.  

A. Measured and simulated results of reflection coefficient 

and radiation patterns 

An array composed of AFR unit, is periodically arranged in 

x-direction and y-direction with a size of 9units *9units. Fig.4 

demonstrates the photographs of the proposed low RCS and 

low profile antenna co-designed with AFSR, and conventional 

reference patch antenna. The two layers are separated by an air 

cavity and attached to each other by the use of four plastic 

screws placed in the four corners of the dielectric substrates and 

four at the central part of each side. Plastic screws were also to 

keep the substrate parallel and at the definite distances above 

each other as shown in Fig. 4(e). The reflection coefficient of 

the proposed antenna is firstly simulated with full-wave 

simulation method as plotted in Fig. 5. Then, it is also measured 

by using vector network analyzer (N5244A). The measured 

reflection coefficient is also presented in Fig. 5 for comparison, 

where fairly good agreements between them are observed. 

 

  
   (a)                                                  (b) 

   
(c)                                                            (d) 

 
(e) 

 

Fig. 4. Photographs of the proposed antenna co-designed with absorbent 

frequency selective radome. (a) Top view of upper layer. (b) Back view of 

upper layer. (c). Top view of lower layer. (d). conventional patch antenna. (e) 

Side view. 
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Fig. 5. Reflection coefficient of the proposed low RCS and low profile antenna. 
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Fig. 6. Simulated and measured co-polarization radiation patterns of the 

proposed antenna co-designed with absorbent frequency selective radome and 

conventional patch antenna. (a) E plane ( 0o  ) (b) H plane ( 90o  ).  
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Fig. 7. Reflection coefficient of the conventional patch antenna. 

 

The co-polarization radiation patterns of the proposed 

antenna are also simulated and measured. Fig. 6 (a) and (b) 

compare the normalized co-polarization radiation patterns of 

simulation and measurement in E- (yoz-plane) and H-plane 

(xoz-plane) at 8.9GHz. The radiation pattern is unidirectional 

with the maximum radiation pointed toward θ=0o. There exist 

small discrepancies between simulated and measured results 

because we don’t take any practical situations such as SMA 

connector welding, the measurement step and measurement 

surroundings into account in simulation as well. 

To evaluate the impacts of the AFSR on the whole antenna’s 

radiation patterns and reflection coefficient. A conventional 

patch antenna with identical dimension is also fabricated and 

measured for comparison. Its photograph is shown in Fig. 4(d). 

Reflection coefficient of this conventional patch antenna is also 

simulated and measured. The comparative results are presented 

in Fig. 7, where great agreements between measured and 

simulated results are observed.   

Likewise, the co-polarization radiation patterns of the 

conventional patch antenna are also simulated and measured at 

8.9GHz. Fig. 6 (a) and (b) also compare the normalized 

co-polarization radiation patterns of simulation and 

measurement in E- (yoz-plane) and H-plane (xoz-plane). The 

radiation pattern is unidirectional with the maximum radiation 

pointed toward θ=0o as expected.  

One can observe that there exists a small drop-off at θ=0o in 

E plane [as shown in Fig. 6(a)]. This is due to the fact that there 

is a large metal ground for the antenna in our design, where the 

complicated current distribution in the metal ground will cause 

a slight drop-off in the boresight of E-plane as thoroughly 

explained in [17],[18]. According to Fig. 6, it is observed that 

the placement of the AFSR in front of the conventional antenna 

exactly has little impacts on the its radiation patterns, which 

verify the effectiveness of the proposed low RCS and low 

profile antenna. In addition, the measured peak gains of the 

conventional patch antenna and proposed antenna are 7.82dBi, 

7.04dBi at 8.9GHz, respectively. The measured gain 

deterioration 0.78dB is slightly higher that simulated results 

0.45dB, this is due to perfect conditions in simulation, while in 

measurement, the assembling, fabrication, and measurement of 

these two kinds of antennas are always not identical which will 

cause this measurement tolerance.  

 

B. Monostatic RCS measurement and discussion 

In order to verify the low RCS performance of the proposed 

antenna, the monostatic RCS of the antenna is measured in the 

vertical and horizontal polarizations, where the monostatic 

RCS of the conventional patch antenna with identical 

dimension is also measured for comparison. In our anechoic 

chamber, the measurement frequency band from 5.85GHz to 

12.4GHz is divided into two segments, e.g., from 5.85GHz to 

8.17GHz and 8.17GHz to 12.4GHz as there is no wide 

frequency band antennas for transmitting and receiving 

electromagnetic wave. Fig. 8 gives the comparative monostatic 

RCS results at θ=0o in the horizontal polarization. It is found 

that more than 10dB RCS reduction compared with that of the 

conventional patch antenna from 5.85GHz to 12.4GHz is 

obtained. This can be easily explained that the AFSR will be 

served as an absorber to absorb electromagnetic wave when the 

impinging wave from the normal direction in the horizontal 

polarization. 

Additionally, Fig. 9 gives the monostatic RCS comparative 

results at θ=0o in the vertical polarization. It is observed that the 

conventional patch antenna and proposed antenna have similar 

RCS over a definite frequency band (approximately from 

8.0GHz to 9.0 GHz), while there still exists great RCS 

reduction out of the definite frequency band. In the vertical 

polarization, the antenna intends to work, and the antenna’s 
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metal ground contributing to the whole RCS are dominated, 

while it is still regarded as an absorber out of the antenna 

operating band. Thus, there still exists about 10dB RCS 

reduction out of the operating band. 
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Fig.8. The monostatic RCS comparison of conventional patch antenna and 

proposed antenna in the horizontal polarization at θ=0o.  
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Fig.9. The monostatic RCS comparison of conventional patch antenna and 

proposed antenna in the vertical polarization at θ=0o. 

 
Tab. III. The performance comparison with existing literatures 

 

Refs *Transmission         

band/IL 

Polarization Absorption 

Performance 

Profile 

[6] 4.15GHz/2.5dB Single 63.83% @ 

upper band 

0.26λ0 

[7] 4.6GHz/0.3dB Dual 33.3% @ lower 

band, 14.28% 

@ upper band 

0.23 λ0 

[8] 4.64GHz/0.34 

dB 

Dual 57.14% @ 

upper band 

0.078 λ0 

[9] 10.0 GHz/0.2dB Dual 83.3% @ lower 

band 

0.4 λ0 

 

 

THIS 

WORK 

 

 

8.9GHz/0.45dB 

Single, 

Identical 

dual, 

Non-identic

al dual 

43.9%@lower 

band, 26.08% 

@ upper band; 

94.12% in the 

orthogonal 

polarization 

 

 

0.14λ0 

* Central frequency of transmission band.  

 

To demonstrate the good advantages of our design, some 

performances are presented to compare with the existing 

literatures as shown in Tab. III. The low profile, co-designed 

with antenna, and various absorption performances in two 

orthogonal polarizations are significant highlights in our work. 

 

IV. CONCLUSION 

In conclusion, a low RCS and low profile antenna 

co-designed with AFSR is investigated in detail. A 

transmission window is established by introducing a pair of 

circular slot resonators in the vertical polarization. Its minimal 

simulated insertion loss is just 0.45Db at 8.9GHz. A patch 

antenna whose operating frequency is in accordance with the 

central frequency of the transmission window is etched within 

the AFSR, where metal grounds of the patch antenna and AFSR 

are co-used.  As a result, the proposed low RCS and low profile 

antenna co-designed with AFSR is achieved. Within the 

transmission window in the vertical polarization, the antenna 

works well, while there exist two separate absorption bands (a 

lower absorption band from 4.8 to 7.5GHz, an upper absorption 

band from 10 to 13GHZ) out of the transmission band. In the 

horizontal polarization, wide band absorption is also obtained 

as the AFSR is actually served as an absorber. The measured 

reflection coefficients and radiation patterns demonstrate the 

good performances of our designed antenna. In addition, the 

monostatic RCS of the proposed low antenna at θ=0o is also 

measured. It is shown that more than 10dB RCS reduction is 

obtained in two orthogonal polarizations except for the 

operating band compared with that of the convention patch 

antenna. 
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