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Abstract—For the development of wireless communication technology beam tracking and security are the most 

important factor. Retrodirective analysis works as it automatically responding to an incoming signal location 

without any prior information of the source direction. The passive feed structure is used for designing MIMO 

antenna array systems due to its mow profile and its miniaturization Whereas the circularly polarized arrays is 

applied in the MIMO system to provide power division. The purpose of this paper is to design a circularly 

polarized couplers which works in Retrodirective mode. The resonant frequency of the coupler is 2.5 GHz. The 

Proposed couplers have been devised using the Glass Epoxy substrate (FR4) with dielectric constant (εr = 4.4). 

S parameters, radiation pattern, insertion and isolation losses are obtained from ANSYS software. 

Keywords- Retrodirective array; Rat-race couplers; Returnloss; ANSYS 

 

I. INTRODUCTION  

In recent years, research in wireless communication technology is increased. RF systems are designed mainly 

for tracking systems, military communications, radar, and Radiofrequency identification (RFID) and microwave 

power transmission. Retrodirective antenna has a simpler structure than a conventional smart antenna. Due to its 

high speed and self-tracking process make RDA useful for RFID and other civilian applications by providing 

high gain link between an interrogator and an RDA. 

A Retrodirective array is basically a transponder, its main function is to wirelessly send a signal response 

upon being interrogated. RDA array is used as passive transponders for a wide range of applications such as 

battlefield IFF (Identification friend or foe) transponders, and target or project surveillance detection radar for 

mobile vehicles. It can accelerate the detection of targets and reduce the complexity of systems compared with 

smart antennas or conventional phased array antennas. 

II. FOUR PORT NETWORK 

       An RDA is a special type of phased array where beam scanning is achieved automatically and 

instantaneously. The S- matrix parameters of a four-port network can be expressed as below 

 

[S] = 
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 Due to the symmetric property, we can obtain that Sij= Sji. If the ports are well matched with the load, then Sij 

=0. Thus the matrix can be rewritten as  
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[S] = 
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 Because of unitarity of the port network, multiplication of row 1, 2 and row 3, 4 can be performed  

            S*
13 S23 + S*

14 S24 =0                                     [3] 

            S*
14 S13 + S*

24 S23 =0                                     [4] 

 

Multiply eq [3] and eq [4] separately using S*
24 and S*

13 and then subtract, we obtain 

 

             S*
14(|S13|2 - |S24|2) =0                                     [5] 

 

 Similar process on row 1, 3 and row 2, 4 gives 

 

             S*
23(|S12|2 - |S34|2) =0                                     [6] 

 

 Assume that S14 = S23 = 0, then S-matrix can be rewritten as 

 

[S] = 
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                [7] 

Using unitary rule in each row to obtain that 

 

|S12|2 + |S13|2 =1                                            [8] 

 

|S12|2 + |S24|2 =1                                            [9] 

 

|S13|2 + |S34|2 =1                                           [10] 

 

|S24|2 + |S34|2 =1                                 [11] 

 

 From the above statements, it is obvious that |S13| = |S24| and |S12| = |S34|. The following parameters are used to 

verify the performance of the coupler. The section of input power coupled to the output port is termed as 

coupling loss.  Directivity is defined as the ratio of the coupled port to isolated port. The isolation loss measures 

the unwanted power delivered to uncoupled port. The insertion loss can be defined as the transmission factor 

between the input and through port. 

 

III. RAT-RACE COUPLER 

      The hybrid or rat race ring is also named as 180-degree coupler. It consists of four-port which provides 180-

degree phase shift between two output ports. Figure 1 gives the structure of the hybrid couplers, where four 

ports are located on the ring with the distance of 3λg/4 between port1 and port 4 and λg/4 between the other 

ports. Where λg refers to the guided wavelength of the material. The four ports are well matched with Z0 and the 

impedance of the coupler is √2 Z0. 
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Fig 1: Schematic of Rat-Race Coupler. 

 

 When port 1 is excited, the signal is divided into two directions such as clockwise and anti-clockwise direction. 

The wave incidents in port 1 divides power into port 2 and port 4 but not into port 3. The distance travelled by 

the signal from port 1 to port 2 is λ/4 and port 1 to port 4 is 3λ/4 and the phase shift obtained between these two 

are 180 – degree. The wave incidents in port 3 divides power into port 2 and port 4 but not into port 1. The 

distance travelled by the signal from port 3 to port 2 is λ/4 and port 3 to port 4 is λ/4 and the phase shift obtained 

between these ports are in-phase signals. The coupler can act as power divider as it divides the input power into 

halves but the output powers are in 0 or 180-degree phase difference.   

 

The S- parameter matrix of the coupler is following: 

 

 
 

IV. RETRO-DIRECTIVE ANALYSIS 

 

Retrodirective antenna array has unique feature as beam scanning is achieved beam automatically. It is special 

type of phased array [3]. Based on array theory it responds toward source direction automatically. The two 

important methods to achieve retrodirecitivity are van-atta array and phase conjugation array. 

 

Van-atta array consists of a pair of antennas connected by equal lengths of transmission lines creating the 

symmetric array [2]. Based on the incoming signal direction the phase gradient is obtained across the elements. It 

works as reversing the phase gradient in the transmitting beam directing it back in the source direction. It can 

operate over a wide bandwidth but it can be realized as planar structure alone. The design of the interweaving 

feed lines can become intricate when used for large arrays. 

Phase conjugating array is also known as heterodyne approach. The phase reversal property is achieved at 

each element using phase conjugating mixers. The major disadvantage is high power consumption when they are 

used in low – power environments. 
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V. DESIGN AND EVALUATION 

A. Coupler design 

 This proposed model presents comprehensive description to model Rat-race couplers. Figure 1 represents the 

schematic of coupler. The dielectric material is Glass epoxy substrate fr4 (εr=4.4) and the height is h=1.58mm 

for the operating frequency 2.5 GHz.   

 

(i)The inner and outer radius of the Rat-Race coupler is calculated using 

                                                                  [12] 

      Inner radius of the ring (r1) = (r - w/2)                        [13] 

      Outer radius of the ring (r2) = (r + w/2)                      [14] 

 

(ii) The wavelength of the coupler is calculated with the velocity of light C=3x108 m/s and the operating 

frequency       f = 2.4 GHz. 

                                                                 [15] 

                                                                        [16] 

 

(iii) The effective dielectric constant εeff1 and εeff2 is calculated using  

                                          [17] 

 

(iv)  The width for the port input and width for the branches are calculated using the formula 

 

                       [18] 

 

       [19] 

The calculated parameters to design Rat-race couplers at resonant frequency 2.4 GHz is listed in the table given 

below. 

 

 

 

 

 

 

 

 

 

Table1:  Design parameters 

 

B. Rat-Race coupler as Retrodirective array 

The rat-race coupler will act as Retrodirective mode if the port 1 and port 2 are connected to the antenna while 

port 3 and port 4 are terminated with reflection co-efficient. The main advantages are low power consumption 

and its compatibility. It is used mainly for high frequency applications [7] because of its wider bandwidth 

features. It is also immune to signal degradation. To overcome propagation losses, a passive retrodirective 

antenna array is used. The phase reversal property can be derived from the scattering matrix. 

 

 

 

 

 

 

 

 

 

 

Parameters  Value (mm)  

70.7Ω (50√2) Transmission line width  1.1mm  

50 Ω Transmission line width  3mm  

Thickness of the substrate  1.58mm  
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Fig 2: Rat race coupler as retro-directive array  

   

VI. RESULTS AND DISCUSSION 

A. Magnitude Measurements 

A 50Ω transmission line and FR-4 substrate are used in this coupler design. The geometry of the rat race ring 

shown below in figure 3 is obtained using ANSYS software tool. 

 
Fig 3: Geometry of Rat-Race ring 

   

The coupler works at a resonant frequency of 2.5 GHz and from the figure 4 very low return losses are observed 

nearly as -42dB and from the below results port 1 and port 2 get -3.6dB and -3.91dB power respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: Magnitude Vs Frequency 

B. Phase measurement 

 

                               

 

 

 

 

 

 

 

 

 

 

Fig 5: Phase Vs Frequency 
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It can be seen that the port 1 and port 2 get – 3.6dB and           -3.91dB; input power with the phase of 178.45◦ 

and                 -0.44◦, the total phase difference is around 178.45- (-0.44◦) =179◦. Retrodirective condition can be 

achieved from the total phase difference. 

 

VII. CONCLUSION 

A novel based circularly polarized coupler is reported in detail. The unique feature of 180-degree hybrid 

couplers is mostly used in RF circuits such as mixers, phase shifters and power dividers. Due to the advantage of 

highly integration, the couplers are widely used for MIMO (multiple inputs and multiple outputs) research. The 

Retrodirective based rat race coupler is connected along with antennas could give multiple outputs with phase 

control, which is required in MIMO antenna array in 5G technology. This planar integrated antenna with 

couplers is done with low cost, low loss and small size. 
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