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Abstract – A novel rasorber based on frequency selective 

surfaces (FSS) for dual functions operating as stealthy FSS 
radome for an antenna operating at 3.7 GHz with RF 
transparency bandwidth of 400 MHz and also as a thin 
capacitive circuit radar absorber in X band with Radar Cross 
Section Reduction (RCSR) of 10 dB (minimum) is described. 
The conducting backplane of rasorber is modified by using a 
metallic Jerusalem cross slot FSS, which  is designed to 
function as conducting ground plane in the radar absorber 
frequency range and also to function as radome with band pass 
spatial filtering properties in the antenna radiating band.  

Keywords—RCS, RCSR, FSS radome, Rasorber, RAS. 

I.  INTRODUCTION  
Passive stealth design [1] of aircrafts/unmanned air 

vehicles (UAV) also known as radar low observables 
comprise i. application of radar absorbers (RA) designed as 
radar absorbing structures (RAS) ii. Stealthy radomes based 
on frequency selective surfaces (FSS) [2]   iii. Antennas 
designed for low monostatic radar cross section (RCS) in 
addition to primary shape design. These design techniques 
aim at reducing the monostatic RCS of the air-vehicle.  

Rasorber (Radome+Absorber) combines the functions of 
FSS radome and radar absorber in a single structure.  As 
high radar transparency is required in the operating 
frequency band of the antenna, the rasorber should be 
designed with minimal transmission loss and at the same 
time designed for good absorption in the out-of-band 
frequency region of the antenna which it encloses.  

We have earlier reported wide band Jaumann radar 
absorber [3] with RCS reduction (RCSR) of 15 dB from 2 to 
18 GHz. with spacecloths [4,5] realized using novel concept 
of embedded passives resistor based geometrical square grid 
networks on dielectric substrates. In a recent paper [6], ultra 
wide band radar absorbers with radar reflectivity of -10 dB 
(minimum) from 1.7 GHz to 32 GHz. is reported.  

FSS radomes need to be designed as band pass 
microwave spatial filters for realizing the desired RF 
transparency as well as out-of-band, monostatic  RCSR and 
have been widely reported for deriving desired  performance.  

Capacitive circuit radar absorbers described in [7] replace   
band-stop resistive FSS by low-pass resistive FSS such as 
square patches. But hardware translation and crucial 
experimental verification details are not available.  

In a recent paper [8], rasorber design with polarization 
sensitive RF transparent window is reported with radar 
absorption properties in X and Ku bands. The authors have 
resorted to design of a two layer capacitive circuit radar 
absorber with transmission loss of 1.9 dB at L band.  But 
crucial practical implementation details supported by 
measurements are not available. In a more recent paper by 
Filippo Costa etal [9], a FSS radome with wideband 
absorbing properties is reported but once again, crucial 
hardware implementation and experimental verification of 
the design are not available.   

 In this paper, we describe a thin rasorber with RF 
transparency bandwidth of 400 MHz centered at 3.7 GHz. 
The single layer circuit analog radar absorber is based on 
resistive circular patch FSS and designed for RCSR of 10 dB 
in X band.  The operating frequency of the antenna is 
specified as 3.7 GHz. with a bandwidth of 400 MHz and this 
paper is focused entirely on the design and reliable 
translation to rasorber hardware implementation and 
experimental verification of the design, to enable easy up 
scaling for aircraft applications.  

The total thickness of thin rasorber presented in this 
paper is 4.27 mm and the weight of the prototype planar 
rasorber of size (280 × 280) mm is 86 gm.  

II. EM DESIGN AND SIMULATION  
 The dielectric profile of rasorber is shown in Fig. 1. and 

a 3D sketch of rasorber is shown in Fig. 2. The design is 
optimized in HFSS 2014 simulation software and 
parametric simulation studies are presented.   

 
Fig.1. Dielectric profile of thin rasorber.  
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Fig. 2. 3D sketch of rasorber.  

The prototype rasorber is realized as three layer 
sandwich construction with a resistive-capacitive FSS top 
layer on a thin dielectric spacer backed by the modified 
conducting ground plane with Jerusalem Cross Slot (JCS) 
FSS elements.  Both FSS layers are designed and realized as 
infinitesimally thin (thickness = 5.3 mils) PCBs using 
conventional PCB design and fabrication technology. RCS 
measurements and RF transparency measurements are 
carried out in microwave anechoic chamber and simulation 
and measurement results are compared. 

The rasorber structure design has to be optimized for 
realizing the dual functions of an FSS radome in the 
operating frequency band of the enclosed antenna combined 
with radar absorption properties in X band.   Since the 
antenna is required to operate at a frequency of 3.7 GHz. 
with 400 MHz bandwidth, the FSS radome design needs to 
be optimized for minimum insertion  loss with maximum 
RF transparency in this band.  

 The EM design of the top resistive FSS layer of rasorber 
has to meet maximum RF transparency in the operating 
band of the antenna with circular polarization. As circular 
polarization properties need to be derived from rasorber, a 
judicious choice of resistive FSS element geometry with 
appropriate spacing is the first step in design.   From our 
recent paper [10], a novel resistive circular patch FSS was 
used to realize exact circular polarization performance from 
radar absorber with a total thickness of only 0.124λ, from 6 
to 14 GHz. Hence, circular patch FSS geometry in a square 
grid lattice is chosen for design of the resistive FSS top 
layer of rasorber.   It is vital not only to optimize the design 
for best RF transparency at 3.7 GHz, but also derive the 
desired radar absorption properties of 10 dB (minimum) in 
X band, with minimum thickness. The design has to be 
optimized both in terms of size of the patch and more 
importantly, the spacing between the patches. 

  The rasorber design is analyzed in full wave simulation 
software - HFSS. Floquet’s theorem for periodic FSS 
enables analysis of the entire rasorber structure by 
simulating a unit cell.  A graph of the reflectivity/RCSR of  
a circular patch with a foam dielectric spacer thickness of 4 
mm backed by a conducting backplane is plotted in Fig. 3. 
A commercially available resistive sheet with surface 
resistivity of 100 Ω/square is used for deriving the desired 
absorption properties.  From the figure it is observed that an 
RCSR (minimum) of 10 dB may be realized from 7.8 GHz. 
to 13.15GHz. and hence the radar absorber performance is 
guaranteed in X band.   

Fig. 3. Optimized RCSR simulation performance of resistive circular patch 
FSS.  

  Simultaneously, the resistive FSS design has been 
optimized for transmission loss (maximum) of 1 dB from 
3.5 to 3.9 GHz. The optimized resistive circular patch layer 
dimensions are: radius of circular patch = 4 mm, unit cell 
size = 9mm, with a pitch of 1mm between the patches.  

  From [11], the physical limit of minimum thickness of 
a wide band dielectric radar absorber is given by the 
equation:  
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Where, d is the total thickness of the radar absorber and 
R is the reflection coefficient in dB and λ is the free space 
wavelength.  Further simplification of the above equation 
results in the relation: minimum thickness equal to (1/17.2) 
λ0, which is equal to 2.25 mm.  (λ0- wavelength at the 
lowest frequency of radar absorber).  The radar absorber 
thickness is 4.27 mm and hence does not violate the 
fundamental thickness limit.  

A Jerusalem Cross Slot (JCS) FSS geometry in a square 
grid is designed for achieving the desired RF transparency 
with band pass spatial filter characteristics of FSS radome.  
The optimized simulation performance of JCS FSS based 
FSS radome on microwave substrate of thickness 5.3 mils 
with dielectric constant of 2.96 and tanδ = 0.0014 is shown 
in Fig. 4. From the figure it is observed that a transmission 
loss of 0.1 dB is obtained at 3.7 GHz. The optimized JCS 
FSS dimensions are: Unit cell size = 18mm with length = 
16.35 mm and pitch = 1.65 mm.  

Next, the composite rasorber structure with three layers 
namely the resistive circular patch FSS bonded to the foam 
backed JCS FSS is analyzed for its performance in HFSS.  
The composite rasorber performance for both TE and TM 
incidences is given in Fig. 5. The TE and TM performances 
coincide exactly for normal incidence which is attributed to 
the two dimensional symmetry of the JCS FSS and the 
circular patch FSS geometry.  

In the inset of the same figure, a unit cell of the complete 
composite rasorber structure is also shown.    Four resistive 
FSS patches of the top layer and one JCS slot FSS spaced 
by a dielectric spacer of thickness 4 mm constitute the unit 
cell geometry of the composite rasorber structure, to realize 
the desired performance.  
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Fig. 4. Optimized simulation performance of JCS FSS of rasorber for RF 
transparency at 3.7 GHz.  

 
Fig. 5. Optimized rasorber simulation performance for normal incidence. 
Inset: A composite unit cell shown for clarity. 

   It is clear from Fig. 5 that desired radar absorber and 
FSS radome properties can be realized from the rasorber 
design.  At the FSS radome/antenna center frequency of 3.7 
GHz, transmission loss of 0.8 dB is obtained and an RF 
transparency bandwidth of 400 MHz is obtained with 
transmission loss of 1 dB. The radar absorber bandwidth is 
from 8 to 13 GHz. with absorption/RCSR of 10 dB 
(minimum).  At the design center frequency of 10 GHz. of 
rasorber, a peak radar reflectivity of 17 dB is predicted.   

Various parametric simulation studies are carried out on 
rasorber for assessing the performance with variation in 
design parameters such as Angles Of Incidence (AOI), radii 
of the circular patches, width of the JCS FSS and also 
fabrication tolerances such as variation in foam thickness 
and the results will be summarized in a later section. A plot 
of variation of rasorber performance at 30 ° AOI  for TE and 
TM polarization is given in Figs. 6 and 7 respectively.   

Fig. 6.  Simulation performance at  30° AOI. TE incidence.  

 
Fig. 7.  Simulation performance at  30° AOI.  TM incidence.  

III. FSS  PCB FABRICATION, RASORBER CONSTRUCTION AND 
MICROWAVE  MEASUREMENTS   

Both the JCS FSS and resistive FSS top layer of rasorber 
are designed as infinitesimally thin (thickness = 5.3 mils) 
PCBs using ECAD PCB layout design tool,  Visula v. 2.3. 
Microwave substrates with εr = 2.96 and tanδ = 0.014 is 
used for fabrication of both the FSS layers as high 
performance PCBs. Conventional but standardized PCB 
fabrication process is used for fabrication of the FSS.     The 
resistive patch FSS PCB is bonded to a Rohacel foam 
dielectric spacer of thickness 4 mm using a double sided 
very thin tape which is backed by an electrically thin 
(thickness = 5.3 mils)  JCS FSS PCB layer.  Photograph of 
the two fabricated FSS PCB layers of size (280 × 280) mm 
are shown in Fig. 8. The assembled prototype planar 
rasorber is shown in Fig. 9. Weight of the panel rasorber is 
86 gm.  

RCS experiments are carried out on panel rasorber in 
microwave anechoic chamber to verify the design and 
simulation using monostatic measurement setup.  
Automated digital recorder interfaced to an RF synthesized 
source through a desk top computer completes the 
measurement setup.  

The planar rasorber is securely placed at the centre of 
the quiet zone on an RF transparent, low loss thermocol 
stand connected to a single axis positioner. With this setup, 
continuous rotation from 0 to 360 degrees is possible in the 
azimuth plane. The front side of the rasorber is aligned to 0°   
 

 

 

 

 

 

 

 

 

 

 

Fig. 8.Photograph of constituent FSS PCB layers of rasorber. 
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 Fig. 9 The  prototype panel rasorber.  
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5.3 mils  resulted in a downward shift of the radome 
operating frequency from 3.7 GHz. to 3.2 GHz, with an 
increase in radar absorption bandwidth from 6 GHz. to 13 
GHz. However since the antenna was designed for 3.7 GHz. 
the design was iterated for preserving the centre frequency 
of operation of the radome at 3.7 GHz without degrading the 
RF transparency properties of the radome. The radar 
absorption properties, however, have improved with 10 dB 
radar absorber bandwidth from 7.5 GHz. to 13 GHz.  

V.   CONCLUSION 
A planar rasorber with dual functions of both radar 

absorber and FSS radome is designed and implemented.  
The two FSS layers of rasorber realized as electrically very 
thin PCBs with low loss foam dielectric spacer have 
resulted in substantial reduction in thickness and weight.  
Best RCSR of 15dB has been measured at 10 GHz. The thin 
rasorber may be used for realizing radome functions in 
lower microwave frequency bands such as L and C bands 
and radar absorption properties in higher microwave 
frequency bands such as X band. Since application of 
superstrate becomes crucial for air vehicle applications, the 
design has been re-iterated for preserving the properties. 
The low profile and weight of the rasorber combined with 
low density, structural foam and electrically very thin, low 
loss substrates in a sandwich construction enable easy up 
scaling for applications in aircraft stealth. 
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