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Abstract: In reflectarray antenna designs, it is important to find the gain and bandwidth for a desired 
application.  In this paper a brief explanation of three methods for gain calculation is given.  Based on 
these three different formulations a comparison is made in terms of accuracy and time for gain 
computation.  Parametric studies are performed to provide design guidelines for selecting appropriate 
range of focal length to diameter ratio and feed pattern power factor values for a center-fed reflectarray in 
order to optimize the antenna gain and bandwidth. 
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1. Introduction 

 
      Reflectarray antenna combines the advantages of both traditional reflectors and conventional phased 
array antennas.  Reflectarray antenna has a high gain like parabolic reflectors.  But, unlike the reflector, 
which has infinite bandwidth due to its curved surface, it has a narrow bandwidth due to a planar surface.  
 
     Gain calculation is a primary step in designing a reflectarray antenna and it is defined as a product of 
the directivity ( ) and aperture efficiency ( ) [1] such that 

,                                                                             1  

4

 
  

 
where the directivity of the aperture with an area size of A is  
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Two major factors in the aperture efficiency are the spillover efficiency ( ) and illumination efficiency 
( ).  Other efficiency factors denoted as (  include the feed loss, reflectarray element loss, polarization 
loss, and mismatch loss. 

  
    
     In the last decades, it has been shown that there are mainly two factors which limit the bandwidth 
performance of a reflectarray antenna [2-3].  One is the narrow bandwidth of the microstrip patch element 
and the other is the differential spatial phase delay.  The second bandwidth limitation factor depends on 
reflectarray parameters like diameter (D), focal length to diameter ratio (f/D) and feed pattern power 
factor (q) which is chosen to fit the measured horn radiation pattern modeled as a Cosq θ function at each 
frequency.  A relation between the gain and bandwidth is studied in this paper for different selections of 
f/D and q values. 
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2. Directivity computation methods 

     Different formulations have been used to calculate the directivity ( ) [4-6]. Among these are the ones 
including the illumination efficiency.  Thus, the gain can be written as: 

                                                                            4  
 

.  
 
Note that  in equation (4) is not  in equation (1).  The gain calculation in equation (4) does not 
include the efficiency factor ( ).  The spillover efficiency ( ) is defined as the ratio of the power 
intercepted by the reflecting elements to the total power and is given by [7], 
 

.

.
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Both integrals are the fluxes of the poynting vector  through some certain surface areas.  The integral of 
the denominator is performed over the entire spherical surface centered at the feed, denoted by .  The 
integral in the numerator is evaluated over a portion  of the sphere, where  and the array aperture share 
the same solid angle with respect to the feed.  The directivity of the array factor  whose major 
beam is pointing in the  and  direction is given as,    
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where,  and are the amplitude and phase of the nth array element, and 
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For an N-element planar array in the xy-plane, we denote the position of the nth element by . 
The array can have arbitrary configuration in the xy-plane and each element is indexed with a single 
index n.  Note that N is the total number of elements and would equal  for rectangular arrays.  

I. Method 1 

      The integral in the denominator of equation (6) can be calculated as a double summation over the 
angles for  and  such that  

where,  and  are the number of integration steps in  and  directions.  Now the computation time 
of the denominator (DEN) in equation (6) is a .  As  and  increases, the accuracy 
will improve as shown in Fig. 1.  Thus, an appropriate choice of  and  is required for this method of 
directivity calculation.   
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For an antenna operating at 32 GHz with spacing between elements (∆ ) as λ/2, one would select 
 as specified below: 

∆
 and 

~2

~3

 and 

  
1

4

  for  1% error    [DEN is an order of 4 ] 

  for  0.5% error [DEN is an order of 9 ] 

 
Fig. 1. Error versus  for reflectarray antennas with   elements. 

 
II. Method 2                                      

        The denominator in equation (6) can be written as, 
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where,          
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Using equations (13) and (14) in the inner integral in equation (11) gives 
 

exp
2

cos  
2

,                  15  

.
 
Where   is a Bessel function of order zero.  
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Substituting equation (15) into equation (11) gives 
  

 
1
2
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1

The computational time of equation (16) is an order of . 

III. Method 3 

        The directivity of a reflectarray with a broadside beam can also be calculated as,          

              
 

where the illumination efficiency ( ), which is the efficiency loss due to the non-uniform amplitude and 
phase distribution on the aperture plane, is given as [8], 
 

 
and  and  are the taper and phase efficiencies. 
 

∑ ∆  ∆
∑ | | ∆  ∆

 .                                                                  19  
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The computational time in the denominator of equation (19) is only an order of N. 

With 1% error, from Method 1to Method 3, the computational time of the directivity is reduced from a 

 to  to ).  

IV. Comparison results 

       A comparison of the above three methods was performed for a rectangular aperture reflectarray 
antenna which has a center feed and a broadside main beam [frequency = 32 GHz; spacing between 
elements = λ/2; f/D = 0.5; feed pattern power factor (q) =3].                   
 

Table 1: Directivity and time comparison. 

 

Array size 

Directivity (dB) Time (minutes) 

Method 1 

( 1% error) 

Method 2 Method 3 Method 1 

(1% error) 

Method 2 Method 3 

11 Χ 11  24.7875 24.4979 24.5692 0.0133 0.0103 0.0101 

21 Χ 21 30.5732 30.2718 30.3120 0.0466 0.0111 0.0107 

41 Χ 41 36.4651 36.1591 36.1836 0.5109 0.0378 0.0169 

81 Χ 81 42.4191 42.1108 42.1280 7.6667 0.3716 0.0414 

 

For a very small size of the aperture, Method 2 produces accurate result and the time taken by all three 

methods is almost the same.  But when we increase the size of the aperture, Method 3 becomes more 

accurate and the time taken for calculation is very less using this method.  
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3. Gain and bandwidth study  
 

putation time, ethod 3 is used      Considering the accuracy and com  to conduct parametric study on the 

               
(a) (b) 

Fig. 2. Parametric study fficiency: (a) efficiencies vs. q at f/D=1 and (b) aperture efficiency 

              
g. 3. Gain of reflectarray with different q and f/ %) vs. both q and f/D.                 

M
reflectarray gain and bandwidth performance.  The parametric study has been done for a circular aperture 
[frequency=32 GHz; spacing between elements = λ/2; diameter=0.5m; no. of elements=8937] with a gain 
of 43 dB.  For a fixed f/D ratio, with an increase in q, spillover efficiency increases and illumination 
efficiency decreases as shown in Fig. 2 (a) and a detailed study of f/D and q values where we observe a 
maximum aperture efficiency (>70%) is shown in Fig. 2 (b).  It is clear that the gain also has a similar 
trend with f/D and q variation.  It has been noticed that for a particular f/D and q value where we get 
maximum efficiency the gain is maximum, but the bandwidth may not be maximum.  In Fig. 3 a gain of 
43 dB is obtained for different selections of f/D and q, but the bandwidth is wide for large f/D and q 
values.  The bandwidth increases with the increase in these two parameters as shown in Fig. 4.   
 
 

 

 of aperture e

vs. both q and f/D. 

 

   
Fi D.                 Fig. 4. Bandwidth (             
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Fig. 5. Gain vs. bandwidth. 

A relation between gain and bandwidth is shown in Fig. 5.  For a given q value, the bandwidth increases 
with an increase in the f/D ratio.  Whereas, the gain versus f/D increases to a certain value and then 
decreases.  The gain and bandwidth are high for large f/D and q.  
 

4. Conclusion 
 

     A comparison for the three different formulations of gain computation is investigated and it has been 
concluded that Method 2 is accurate and Method 3 takes less time in calculation.  Based on the conducted 
parametric studies it was observed that the selection of f/D and q will affect both the gain and bandwidth 
performance of a reflectarray antenna.  The tradeoff between gain and bandwidth is revealed to obtain an 
optimum performance of reflectarrays and it was observed that a reflectarray with large f/D and q can 
give a high gain and large bandwidth. 
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