
Design of a W-band Dual-polarization Monopulse Reflector Antenna 

Wenhao Tan 1, Hao Luo 2, and Guoqiang Zhao 1 

1 Beijing Key Laboratory of Millimeter Wave and Terahertz Techniques 

Beijing Institute of Technology, Beijing, CHN100081, China 

1009374960@qq.com, Zhaogq@bit.edu.cn 

2 Beijing Key Laboratory of Millimeter Wave and Terahertz Techniques 

Beijing Institute of Technology, Beijing, CHN100081, China 

ihlyt111@126.com 

Abstract ─ This paper introduces a W-band dual-

polarization reflector antenna which combines one dual-

polarized transmit-receive SUM channel and two single-

polarized DIFF receiving channels. The feed of the 

antenna consists of four OMTs (Orth Mode Transducer) 

to realize dual-polarization monopulse angle measurement. 

Four horns of the feed are combined into one radiation 

aperture by a coupled retracted structure to decrease 

side-lobes. The SUM beam gain of the proposed antenna 

is over 41 dBi and the aperture efficiency of 60% is 

achieved, cross-polarization level is better than –43 dB. 

The first sidelobe level is better than -30dB. The null-

depth is better than -20dB. 

Index Terms ─ Dual-polarization, monopulse, reflector 

antenna, W-band. 

I. INTRODUCTION
Fully-polarization radars have more advantages in 

target recognition and anti-jamming compared with single-

polarization radars [1]. Many kinds of dual-polarization 

antennas have been proposed, such as microstrip patch 

[2], coupling slot [3], slot array [4], horn antenna [5] 

and reflectarray [6]. However in high-frequency band, 

waveguide slot array may have a high cost and is difficult 

to fabricate. And in high power applications, microstrip 

patch is not capable for its high dielectric loss. 

The millimeter-wave dual-polarization detecting 

system requires a dual-polarized antenna with high gain 

and low side-lobes that makes reflector antenna a good 

candidate. Compared with other antennas working at w-

band, the reflector antenna has the advantages of simple 

manufacturing, high gain, low side lobes, and narrow 

beams. The key component of a dual-polarization reflector 

antenna is a dual-polarization feed-source. In this paper, 

we proposed a dual-polarization reflector antenna with 

good radiation performance and easy approaching. 

II. GEOMETRY AND ANALYSIS OF THE

PROPOSED ANTENNA 
According to the principle of focusing, the reflector 

antenna uses the reflection of the electromagnetic wave 

on the paraboloid to form a plane wave-front. The 

geometry of the reflector antenna system is illustrated in 

Fig. 1.  
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Fig. 1. Design and geometry of the antenna system. 

The performance of the reflector antenna depends 

largely on the primary pattern of the feed, so the study of 

the primary radiation characteristics of the feed will 

benefit the overall antenna system. The proposed feed 

can be described in two parts, the feed net and four horns. 

Figure 2 shows the working principle of the feed. In 

order to realize the SUM and DIFF signal processing, 

ports V1 and V2 receive and transmit vertically polarized 

wave while ports H1 and H2 receive and transmit 

horizontally polarized wave. Square waveguides 1, 2, 3 

and 4 can transmit two kinds of orthogonal polarized 

waves. The sum of V1, V2 and the sum of H1, H2 make 

the dual-polarized sum signal of the proposed monopulse 

feed. The difference between V1 and V2 forms the pitch 
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DIFF signal, and the difference between H1 and H2 

forms the azimuth DIFF signal.  

The feed takes the form of four receiving and launch 

ports to get rid of the complex design of the comparator, 

and replace the analog comparator with digital comparator. 

Therefore this design can eliminate the insertion loss 

caused by the analog comparator.  

There are two ways to realize dual-polarization for 

horn feed, cross-slot coupling or application of OMT 

(Orth Mode Transducer). But the isolation between 

different polarizations of OMT is better than cross slot 

coupling. And the structure of OMT is easier to fabricate. 

The structure of OMT and the feed is illustrated in 

Fig. 3, as is shown in Fig. 3 (a), the feed source consists 

of four OMTs. They are combined to a radiation aperture 

by a coupled retracted structure. Both polarizations of 

the OMT structure can receive and transmit the sum 

signal, but the pitch different signal can only be received 

by the DIFF channel of one polarization, while the 

azimuth different signal received by the DIFF channel of 

the other polarization. 

The structure of OMT is illustrated in Fig. 3 (b), a 

metal bar is designed above the coupling slot to optimize 

the isolation between horizontal polarization and vertical 

polarization.  
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Fig. 2. Polarization direction of the feed. 

Fig. 3. (a) Structure of feed. (b) Structure of OMT. 

Fig. 4. Structure of the feed and the T-junction. 

The structure of the feed is shown in Fig. 4, and it is 

the specific feed-source structure that realizes the working 

function shown in Fig. 2. 

III. SIMULATION AND MEASUREMENT

RESULTS 
The simulated model is shown in Fig. 5, and Fig. 6 

shows the prototype of the proposed antenna. The SUM 

pattern of the proposed antenna is illustrated in Figs. 7 

(a), (b), and the DIFF pattern of the antenna is illustrated 

in Fig. 7 (b), where –M and –S represent measured and 

simulated result. (H) and (E) represent H-plane and E-

plane. Isolation and VSWR of the feed ports are illustrated 

in Fig. 8.  

Fig. 5. Simulate model of the proposed antenna. 

Fig. 6. Prototype of the proposed antenna. 
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Fig. 7. (a) Vertical polarization SUM pattern. (b) 

Horizontal polarization SUM pattern. (c) Azimuth and 

Pitch DIFF pattern. 
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Fig. 8. (a) VSWR of the feed ports. (b) Isolation between 

different polarizations. 
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IV. CONCLUSION
In this paper, a dual-polarized monopulse reflector 

antenna working at W-band is demonstrated by 

employing a four-unit-horn with the OMTs as feed 

source. Simulating results verify that the polarization 

isolation is better than -30dB. The proposed antenna is 

designed and optimized in HFSS and CST. At 94GHz, 

the SUM beam gain is over 41dBi. Cross-polarization 

levels are better than -43dB and the first sidelobe level 

is better than -30dB. The null-depth is better than 

-20dB, the result reveals that the proposed antenna has

excellent polarization synthesis and polarized monopulse

performances further.

REFERENCES 
[1] Y. Tsunemitsu, J. Hirokawa, M. Ando, Y. Miura,

Y. Kazama, and N. Goto, “Polarization isolation

characteristics between two center-feed single-

layer waveguide arrays arranged side-by-side,”

Antennas & Propagation Society International

Symposium. IEEE, 2006.

[2] P. Zheng, B. Hu, S. Xu, and H. Sun, “A W-band

high aperture efficiency multi-polarized monopulse

cassegrain antenna fed by phased microstrip patch

quad,” IEEE Antennas and Wireless Propagation

Letters, vol. 16, pp. 1609-1613, 2017.

[3] S. K. Padhi, S. N. C. Karmakar, C. L. Law, and

S. S. Aditya, “A dual polarized aperture coupled

circular patch antenna using a C-shaped coupling

slot,” IEEE Trans. Antennas Propag., vol. 51, no.

12, pp. 3295-3298, Dec. 2003.

[4] Y. Li, Z. J. Zhang, W. H. Chen, Z. Feng, and M. F.

Iskander, “A dualpolarization slot antenna using a

compact CPW feeding structure,” IEEE Antennas

Wireless Propag. Lett., vol. 9, pp. 191-194, 2010.

[5] Z. X. Shen and C. Feng, “A new dual-polarized

broadband horn antenna,” IEEE Antennas Wireless

Propag. Lett., vol. 4, pp. 270-273, 2005.

[6] J. A. Encinar, et al., “Dual-polarization dual-

coverage reflectarray for space applications,” IEEE

Trans. Antennas Propag., vol. 54, no. 10, pp. 2827-

2837, Oct. 2006.

Wenhao Tan (1995- ), male, master 

candidate of Beijing Key Laboratory 

of Millimeter Wave and Terahertz 

Techniques in Beijing Institute of 

Technology. Major in microwave 

and electromagnetic fields. Research 

direction is millimeter wave antenna 

design. 

Hao Luo (1990- ), male, doctor 

candidate of Beijing Key Laboratory 

of Millimeter Wave and Terahertz 

Techniques in Beijing Institute of 

Technology. Major in microwave 

and electromagnetic fields. Research 

direction is millimeter wave antenna 

design. 

Guoqiang Zhao (1976- ), male, 

Associate Professor and Master Tutor 

of Beijing Institute of Technology. 

Research directions are Microwave 

millimeter wave dual polarized 

antenna, Microwave millimeter 

wave circuit and system integration, 

Microwave millimeter wave freq-

uency synthesis technology, Microwave and millimeter 

wave target full polarization characteristics and feature 

extraction algorithm etc. 

ACES JOURNAL, Vol. 34, No. 6, June 2019908


	Article 13.pdf
	I. INTRODUCTION
	II. DESIGN OF HIGH PERFORMANCE UWB ANTENNA
	III. ANTENNA SIMULATION AND TEST RESULTS
	IV. CONCLUSION
	REFERENCES

	Article 8.pdf
	I. INTRODUCTION
	II. FORMULATION OF THE 3DPE
	III. FOURIER SPLIT-STEP ALGORITHM
	IV. NUMERICAL IMPLEMENTATION
	V. SIMULATION RESULTS
	VI. CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES



 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all odd numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top right
     Offset: horizontal 43.20 points, vertical 27.00 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20190712144800
      

        
     1
     1
     
     TR
     
     1
     1
     1
     0
     0
     827
     TR
     1
     0
     0
     533
     194
     0
     1
     R0
     8.0000
            
                
         Odd
         5
         AllDoc
         12
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     27.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     175
     174
     67968a69-c7f0-4f7c-bf65-6db7bf8f0ce2
     88
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all even numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top left
     Offset: horizontal 43.20 points, vertical 27.00 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20190712144806
      

        
     1
     1
     
     TL
     
     1
     1
     1
     0
     0
     827
     TR
     1
     0
     0
     533
     194
    
     0
     1
     R0
     8.0000
            
                
         Even
         5
         AllDoc
         12
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     27.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     175
     173
     7bf7f0c1-e4ed-47b3-bae5-98e5dfece2c6
     87
      

   1
  

 HistoryList_V1
 qi2base





