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Abstract— Design and implementation of Hybrid Cross 

Coupler for dual frequencies i.e. 2.2GHz and 2.7GHz, using 

the branch-line structure, and centre frequency 2.5GHz. 

Monitoring and improving the parameters such as insertion 

loss Return loss, VSWR and improve bandwidth. 
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I. INTRODUCTION 

The hybrid branch-line coupler has been widely used in many 

applications, such as antenna feeding network and impedance 

bridges in microwave measurement [1]. It is a four-port 

device and divides an input signal into two parts with a 90-

phase difference at two output ports, while the fourth port is 

isolated with matching impedance. The hybrid cross coupler 

is designed by using branch line structure using frequency of 

operations. In the past decade, the researches were focused on 

exploring the usage of the patch resonator for higher 

frequency applications like millimeter frequencies, where the 

required quarter-wavelength for traditional line-based hybrid 

could be comparable to the 50-Ω line width. 

 From [2] we can see that by introducing a pair of 

asymmetrical slots with different slot steps in width, the 

transformable patch-based hybrid can be obtained. 

 From [3] we can observe structure based on 

90degree and 180 degree coupled lines suitable to offer a 180-

degree hybrid coupler behavior at two frequency bands when 

the even and odd impedances of the coupled-line sections are 

properly determined. 

 In this work, concept of hybrid coupler is used based 

on branch-line structure. In this type coupler 4 ports are used 

and 

 When we apply the input to one of the port the 

output is obtained from diagonally opposite port. 

 
Fig. 1: Hybrid Cross Coupler Design Based On Branch-Line 

Structure 

 The equivalent length is calculated according to 

quarter wave coupled lines (λ/4) and each length is calculated. 

The structure is defined for two frequencies 2.35GHz and 

 2.65GHz and the center frequency can be taken as 

the arithmetic center of the two desired frequencies (lower 

band) and (upper band). 

II. DESIGN GUIDELINE FOR HYBRID CROSS COUPLERS 

The scattering parameters of the coupler can then be 

calculated from reflection and transmission coefficients [4] 

S11 = S22 = S33 = S44 = (Γe +Γo)/2, 

S21 = S12 = S34 = S43 = (Γe −Γo)/2, 

S31 = S42 = S13 = S24 = (Te −To)/2, 

S41 = S32 = S14 = S23 = (Te +To)/2, 

 Where Γe and Γo are the even- and odd-mode 

reflection coefficients and Te and to are the even- and odd-

mode transmission coefficients, respectively. 

 The ABCD parameters of the even- and odd-mode 

circuit from port 1 to 4 are 

 

 

 

 
 Where, αe =cotθ1 in even-mode excitation and αo 

=−tanθ1 in odd-mode excitation. 

 The even- and odd-mode reflection and transmission 

coefficients can be represented in terms of the ABCD 

parameters as 

 

 
Then the reflection and transmission coefficients are 

 

 

 

 
 Following the design of hybrid with equal port 

impedances, we can obtain the initial physical dimensions for 

the required Zo. 

III. SOFTWARE SIMULATION RESULTS 

 
Fig. 2: HFSS Simulation of Hybrid Cross Coupler 

For our coupler, we chose a characteristic impedance for its 

ports 50 Ω, then monitor the parameters. 

The simulation results of the coupler after optimization are 

given as to the S parameters. 

IMPEDENCE PARAMETER 

Zo=50 W=3mm, l=17.58mm 

√2 Zo=70.71 W=1.57mm, l=16.84mm 

Zo/(1+√2)=120 W=0.36mm, l=16.35mm 

Table 1: Characteristics & Calculations 
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Fig. 3: S11 Parameter 

 
Fig. 4: S12 Parameter 

 
Fig. 5: S13 Parameter 

 
Fig. 6: S14 Parameter 

 The proposed coupler is fabricated on Taconic FR4 

substrate with a relative permittivity of 4.4 and thickness of 

1.6 mm, and EM simulation is conducted by HFSS software. 

IV. CONCLUSION 

 The frequency range of operation 2.3GHz-2.7GHz of 

Hybrid 

 Cross Coupler is presented. The bandwidth is improved 

using the Hybrid cross coupler which has higher 

coupling factor than the conventional 90-degree hybrid 

coupler. 

 The transmission loss is in range of 1.3dB to 2dB for the 

frequency range of 2.3GHz to 2.7GHz. 

 The return loss is in the range of 24dB-19dB, and the 

isolation loss is around 32dB for 2.3GHz and 24 dB for 

2.7 GHz. 
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