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Abstract -  This paper presents the design of a conjugate matched feed to get significant cross polar level reduction in 

secondary field pattern of offset reflector antenna system having very low F/D. This kind of feed will be advantageous in 

many practical applications where the available space and weight for antenna structure is limited. The conjugate feed is 

implemented in cylindrical waveguide by utilizing higher order modes,       and      in addition to fundamental      

mode with proper amplitude and phase. The designed conjugate feed was then used to illuminate offset parabolic 

reflector antenna with F/D of 0.4 and offset angle of 90 degree, the secondary far field radiation patterns were 

computed. It is shown that significant reduction in the cross polarization level is observed compared to that of 

illumination of offset reflector by conventional feed 
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I. INTRODUCTION 

 

Offset reflector antennas are widely used in many practical applications like satellite communications, compact test 

ranges, remote sensing, radio telescope etc. since long time because of its attractive features like high antenna efficiency,  

low side lobes and high isolation between primary feed and reflector [1]. However, it is well known fact that offset 

geometry itself generates very high level of cross polarization because of asymmetry when fed by linearly polarized 

signal. [2], [3]. The level of cross polarization is proportional to the offset angle and is maximum when offset angle is 90 

degree. By selecting relatively larger F/D ratio, it is possible to minimize the cross polarization [4]. However, the larger 

F/D ratio results in a bulkier antenna system and may not be preferred for space borne applications where the available 

space for antenna structure is limited. 

 

 In single offset parabolic reflector configuration the high level of cross-polarization can be reduced by using multimode 

feed. The concept of multimode (Tri mode) feed with two post was introduced by Rudge and Adatia [5]. Recently the 

trimode feed was introduced by K.Bahadori and Y. Rahmat-Samii [6], and revisited by them [7].Also it is further 

investigated by S.B.Sharma et.al [8][9].it was observed from the literature that very less cross polar bandwidth have been 

reported .This encourage further investigation on to improve the cross polar bandwidth in offset configuration . 

The designed conjugate corrugated feed is presented in this paper. A MATLAB code is implemented utilizing Meta 

heuristic optimization technique to estimate the required   amplitude and relative phase of higher order modes at given 

offset angle and F/D ratio for minimizing high cross polarization of offset reflector antenna. Based on the results from the 

optimization a feed is design and implemented in HFSS. Finally this horn is used as feed to the offset reflector and the 

secondary radiation pattern is evaluated using PO technique. 

 

II. THEORY AND DESIGN OF CONJUGATE FEED 

 

A. Conjugate Feed: 

A minimum cross polarization level is obtained when the tangential electrical field component at the aperture of primary 

feed is complex conjugate of electric field component at the focal region of offset parabolic reflector. The feed having 

this property is known as conjugate feed. 

To design conjugate feed, field in focal region of offset parabolic reflector must be known. Various studies have been 

carried out by many researchers to predict the field at the focal region. Bem[12] studied and derived the well known 

expressions of the focal plane field for offset reflector using PO in simple closed form which can be written as 
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Where   ,    is Bessel function of first and second order with first kind respectively and    is offset angle. 

Valentino and Toulios[13] verifies Bems results , Ingerson and Wong[14] also done analysis to determine beam deviation  

for offset reflector system. 
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From the expression (1) and (2) it is observed that cross polarization has inverse relation with F/D, proportional to offset 

angle and amplitude varies as Bessel function of second first kind and second order. Also negative sign in (2) indicate 

that cross polar field is having quadrature phase relationship with copolar field. Now having compact antenna system 

using single offset reflector mean it is having low F/D ratio and high offset angle. Both of this account for very high cross 

polarization at the focal region field. 

 

This high cross polarization can be reduced if we add      mode in proper amplitude and phase, because this mode have 

same characteristic like cross polar field at focal region. Also in addition to      mode small portion of       mode is 

also added which improves axial symmetry of copolar component.   

 

So for conjugate feed having aperture radius ‘a’, theta ( ) and phi (ϕ) component for far field of primary feed radiation 

are  
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Where, 

     = constant representing the relative power in       mode with respect to power in       mode. 

   = constant representing the relative power in       mode with respect to power in       mode. 

 

The expression for components of TE and TM are obtained from Silver [15]. 

 

B. Design of Conjugate Feed: 

The geometry of proposed feed is as shown in Figure (1).the input waveguide section is excited by fundamental 

     mode. The input radius of waveguide R1 is selected such a way that it excites only pure      mode at the operating 

frequency range. The higher order mode      is generated at the step having radius R2. The amplitude and phase of 

      can be varied by changing R2 and phasing length L3 and L2. Since       mode is higher mode than asymmetrical 

      mode so any asymmetrical discontinuity will generate      mode. Here asymmetrical discontinuity in form of 

cone having height H is chosen. the amount of power coupled to      mode can be can be varied by diameter and height 

of cone, phase can be controlled by phasing length L2.the length of L2 is chosen so that phase difference between      

and       is  zero (0), and between      and      it is -90 degree at the aperture of horn. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Simulated  design  of  the  conjugate feed with R1=15.875mm, R2=22mm, L1=38.354mm, L2=132.35mm, 

L3=25.57mm, H=6.8mm (a)Front  view (b) Side View 

 

 
 

 

Figure 1. Simulated  design  of  the  conjugate feed with R1=15.875mm, R2=22mm, L1=38.354mm, 

L2=132.35mm, L3=25.57mm, H=6.8mm (a)Front  view (b) Side View 
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III. RESULTS AND DISCUSSION 

 

The offset reflector geometry for compact system under consideration is as illustrated in Figure (4).the projected diameter 

(D) of reflector is 1m, F/D=0.4 and offset angle ( ) of 90 degree.   

 

The given offset reflector is first fed by conventional feed with      and      modes are in phase at the aperture as 

given by Potter[16], whose radiation pattern is as shown on Figure (2). The secondary Radiation pattern (Figure (3).) 

obtained by this feed shows very high crosspolarization level of  around -13 dB at the design frequency of 9.6 GHz.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next, the given offset reflector is illuminated by proposed conjugate feed whose far field pattern is as shown in Figure 

(5),which shows high level of cross polarization.which is due to the generation of TE21 mode. The secondary pattern so 

obtained is as plotted in Figure (6).comparison of Figure (3) and Figure (6) shows reduction of cross polarization from -

13 dB (conventional feed)  to -24 dB (conjugate feed). 

 

Finally, the comparison cross polarization for frequency band of 9.5 GHz to 9.7 GHz are plotted in Figure (7).which 

shows the significant reduction in cross polarization compared to conventional feed 

 

 

 

  

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Simulated primary radiation pattern of the 

conventional dual mode feed horn 
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Figure 3. Simulated secondary radiation pattern of the 

conventional dual mode feed horn 
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Figure 4. Side view of a  1 m offset parabolic reflector 

antenna with  F/D=0.4,offset angle=90
0
 a n d  

H = 0 . 1 5 m  (F is the focal length, D is the diameter 

and H is the clear- ance height of the reflector) 

 

 

 

 

Figure 5. Simulated primary feed  far field radiaton  

pattern of the conjugate horn at 9.6 GHz 
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IV. CONCLUSION 
 

The cross polar performance of single compact offset reflector was studied with conjugate feed. It was concluded that 

given conjugate feed provides significant reduction in crosspolarization level. Such reflectors can be used for space born 

application where size and space is concerned; also it can be used for compact antenna test ranges. 

 

REFERENCES 

 

[1] D. Olver et al., Microwave Horns and Feeds.   Piscataway, NJ: IEEE Press, 1994, ch. 8. 

[2] T. Chu and R. H. Turrin, “Depolarization properties of offset reflector antennas,” IEEE Trans. Antennas Propag., 

vol. 21, no. 3, pp. 339–345, May 1973. 

[3] Y. Rahmat-Samii, “Reflector antenna,” in Antenna Handbook, Y. T. Lo and S. W. Lee, Eds.   New York: Van 

Nostrand Reinhold, 1988, ch. 15 

[4] W. Strutzman and M. Terada, “Design of offset-parabolic-reflector an- tennas for low cross-pol. and low sidelobes,” 

IEEE Antennas Propag.Mag., vol. 35, no. 6, pp. 46–49, Dec. 1993. 

[5] W. Rudge and N. A. Adatia, “New class of primary-feed antennas for use with offset parabolic reflector antennas,” 

Electron. Lett., vol.11, pp. 597–599, Nov. 1975 

[6] K. Bahadori and Y. Rahmat-Samii, “A tri-mode horn feed for gravita- tionally balanced back-to-back reflector 

antennas,” in Proc. IEEE Antennas Propag. Soc. Int. Symp., Jul. 2006, pp. 4397–4400. 

[7] K. Bahadori and Y. Rahmat-Samii “Tri-Mode Horn Feeds Revisited: Cross-Pol Reduction in Compact Offset 

Reflector Antennas” 

[8] S. B. Sharma, D. Pujara, S. B. Chakrabarty, and V. K. Singh, “Im- proving the cross-polar performance of an offset 

parabolic reflector antenna using a rectangular matched feed,” IEEE Antennas Wireless Propag. Lett., vol. 8, pp. 

513–516, 2009. 

[9] S. B. Sharma, D. Pujara, S. B. Chakrabarty, and V. K. Singh, “Perfor- mance comparison of a matched feed horn 

with a potter feed horn for an offset parabolic reflector,” in Proc. IEEE Antennas Propag. Soc. Int.Symp., Jul. 2008, pp. 

1–4. 

[10] C. Granet and G. L. James, “Design of corrugated horns—A primer,”IEEE Antennas Propag. Mag., vol. 47, no. 2, 

pp. 76–84, Apr. 2005. 

[11] K. M. Prasad and L. Shafai, “Improving the symmetry of radiation pat- terns for offset reflectors illuminated by 

matched feeds,” IEEE Trans.Antennas Propag., vol. 36, no. 1, pp. 141–144, Jan. 1988. 

[12] D. J. Bem, “Electrical-field Distribution in the Focal Region of an Offset Paraboloid,” Proceedings of the IEE, vol. 

116, pp. 679-684, May 1969. 

[13] A. R. Valentino, and P. P. Toulios, “Fields in the Focal Region of Offset Parabolic Antennas,” IEEE Transactions on 

Antennas Propagation, vol. 24, pp. 859-865, November 1976. 

[14] P. G. Ingerson and W. C. Wong, "Focal region characteristics of offset fed reflectors," IEEE/AP-S Symposium 

Digest, 1974, pp. 121-123. 

[15] S. Silver, Microwave Antenna Theory and Design, chapter 12, McGraw-Hill, 1949. 

[16] P. D. Potter, “A New Horn Antenna with Suppressed Side Lobes and Equal Beamwidth,” Microwave Journal, vol. 6, 

pp. 71-78, June 1963. 

 

Figure 6. PO simulation result of far-field pattern of the 

reflector fed by conjugate horn at 9.6 GHz 
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Figure 7.  Simulated cross-pol level of 1 m offset reflector 

when fed conventional corrugated horn and multimode 

corugated horn. 


