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Abstract − This paper proposes a novel tri-band reflectarray 
antenna design. The antenna consists of three different types 
of elements: split circular ring for Ka band operation, split 
square loop for C band operation, and cross-dipole element for 
X band operation. An advantage of the antenna is that all 
three types of elements are aligned and fabricated on a single 
layer of substrate. This single-layer design will be significantly 
simpler to fabricate with lower cost than the traditional multi-
layer designs.  

1 INTRODUCTION 

In recent years, inflatable planar reflectarray 
antennas, which have numerous advantages such as 
light weight, small stowage volume, enhanced 
reliability, and wide scanning angles, have been 
proposed as high gain large aperture antennas for 
deep space communications [1] [2]. However, the 
bandwidth of the reflectarray antennas is limited by 
both the narrow bandwidth of microstrip antenna 
element and different spatial phase delays in a large 
aperture. To overcome this problem, multi-bands 
reflectarrays have been developed, such as a dual-
band reflectarray on a two-layer structure [3] [4].  

This paper presents the analysis and design of a 
single-layer reflectarray antenna that effectively uses 
the reflecting surface area to realize tri-band 
(C/X/Ka) operation. The single-layer design is easy 
to fabricate, and it can be combined with the multi-
layer technique to further enhance the number of 
frequencies that a reflectarray can cover. In section 2 
the reflecting elements are designed and their 
coupling effects are considered. The offset feed 
design and simulated radiation patterns are described 
in section 3. 

2 REFLECTING SURFACE DESIGN 

The geometry of the reflecting surface is sketched in 
Fig. 1. It consists of three different types of elements: 
split circular ring for Ka band operation, split square 
loop for C band operation, and cross-dipole element 
for X band operation. All three types of elements are 
mounted on a 62 mil thick RT/Duroid 5870 substrate 
(εr=2.33). The thickness is equivalent to 0.168 λ32GHz, 
0.037 λ7.1GHz, and 0.044 λ8.4GHz.  
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Fig. 1. Reflecting surface geometry of a single-layer 
tri-band reflectarray antenna. 

2.1  Reflecting Elements 

The reflecting surface is analyzed using Ansoft 
Designer, where periodic boundary conditions are 
placed around a single unit to model an infinite array 
environment. First, individual elements operating at 
three bands are designed while others are absent. 
Then they are put together and their coupling effects 
are considered. 
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Fig. 2. Reflected fields by the split ring element. 

2.1.1  Ka band element design 
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A split ring with a vertical bar is designed to reflect 
the right-hand circularly polarized (RHCP) wave 
with the same polarization state at 32 GHz, as shown 
in Fig. 2. The element spacing is 0.5 λ32 GHz. In order 
to realize a planar wavefront for a focused beam, the 
angular rotation technique [5] is used to compensate 
the spatial phase delay. 
 

2.1.2  C band element design 
A split square loop is designed to reflect the RHCP 
wave with the same polarization state at 7.1 GHz, as 
shown in Fig. 3. To be compatible with the Ka band 
elements, the C band element spacing is four times of 
the Ka band element spacing, equivalent to 0.44 
λ7.1GHz. Since the substrate thickness becomes thinner 
in term of the wavelength at 7.1 GHz, the operational 
bandwidth is relatively narrow. The traditional 
angular rotation technique cannot be used here for 
phase compensation because the rotation of square 
rings will collide with the split ring elements. An 
alternative approach is to move the position of slots 
along the perimeter of the square loop. It is important 
to point out that the slot width needs to be adjusted at 
different slot positions in order to maintain the same 
resonant frequency at 7.1 GHz [6]. 
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Fig. 3. Reflected fields by the split square loop 
element. 

 

2.1.3  X band element design 
A cross dipole array is designed to operate at 8.4 
GHz. It has the same element spacing as the square 
loop but shifts half periodicity in both x and y 
directions. In contrast to the previous two designs, 
the cross dipole reflects the incident CP wave with 
the opposite polarization state, namely, from LHCP 
to RHCP. This design will help to avoid the coupling 
effect between two close frequencies (7.1 GHz and 
8.4 GHz). To compensate for the spatial phase delay, 
the X band element uses the variable-size method [7]. 
The length of the cross dipole is adjusted to obtain 
the necessary reflection phase, as shown in Fig. 4. 
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Fig. 4. Reflection phase of the cross dipole at 8.4 
GHz with different dipole lengths. 
 

2.2  Coupling Effects 

When the three types of elements are assembled 
together on the same layer, their coupling effects will 
change the performance of the antenna.  For example, 
Fig. 5 compares the reflected fields from an array of 
only split square loop elements and from a composite 
array in Fig. 1. The resonant frequency is decreased 
from 7.1 GHz to 7 GHz. This frequency shift can be 
compensated by adjusting the slot width of the square 
ring. A slight increase of the slot width from 3.1 mm 
to 3.4 mm could tune the resonant frequency back to 
7.1 GHz. Similar strategies can be also applied to 
deal with the coupling effects in X and Ka bands. 
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Fig. 5. Coupling effects for C band element design. 

 

3 OFFSET FEED DESIGN 

Figure 6 shows the geometry of the reflectarray 
antenna. The diameter of the reflecting surface is 0.5 
m, which includes 556 elements at the X band. A 
corrugated CP horn is used to illuminate the 
reflecting surface. To avoid the feed blockage loss, 
an offset feed is adopted in the design. The main 



beam of the antenna points towards the z direction, 
25 degrees away from the broadside (z’) of the 
aperture. The incident angle θ2 is set equal to θ1 so 
that the reflected field direction coincidences with the 
main beam of the antenna. The feed pattern of the 
horn is characterized by the commonly used cosine-q 
model with q equal to 6.  
 

 
Fig. 6. Offset feed of the planar reflectarray design. 

 
The magnitude and phase of the incident field on the 
reflecting aperture at any element location ( φ′′,r ) 
can be determined from the feed pattern and array 
geometry. The incidence magnitude Ψ is calculated 
using the following formula: 
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The incidence phase Φ is calculated as below: 
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3.1  Antenna Efficiency 

The focal length f is designed to maximize the 
aperture efficiency of the antenna. Figure 7 shows 
three computed efficiencies at 8.4 GHz: spillover 
efficiency, illumination efficiency, and their product. 
An optimum efficiency is obtained at an f/D ratio 
equal to 0.68.  
 

 
Fig. 7. Antenna efficiencies vary with the focal 
length. 
 

3.2  Radiation Pattern 

For an optimal focal length of 0.34 m, the incident 
magnitude and phase distributions are computed and 
plotted in Fig. 8. The edge taper of the magnitude 
distribution is around -10 dB.  
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Fig. 8. Incident wave on the aperture: (a) magnitude 
distribution and (b) phase distribution. 

 
The radiation pattern of the antenna at 8.4 GHz is 

calculated from the field magnitude and phase on the 
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aperture. In order to obtain a z-directed beam in Fig. 
6, the array elements are tuned to compensate for the 
spatial phase delay. Figure 9 presents the computed 
pattern in the xz plane. The main beam is located at 
25° from the broad side of the aperture. The 3 dB 
beamwidth is around 5°. The side lobe level is -24 dB 
and the cross-polarization is below -40 dB.  
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Fig. 9. Computed 8.4 GHz radiation pattern in the xz 
plane. 

 

 4 CONCLUSION 

A single layer tri-band reflectarray antenna is 
presented in this paper. By assembling the split rings, 
cross dipoles, and split square loops on the same 
layer, the antenna can operate at C, X, and Ka bands 
simultaneously. The antenna is offset fed by 
circularly polarized horns and the focal length is 
designed to obtain an optimum efficiency. The 
computed radiation pattern at X band is presented. 
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