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Abstract- This paper presents the planar design of three-section quadrature hybrid coupler for frequency operation of 2 to 6 GHz. 
This coupler offers a tight coupling of 3 dB and measured return loss better than 13 dB which occupies the size of 50 mm × 20 mm 
excluding the 50 Ω SMA ports. The proposed quadrature hybrid design is implementing the microstrip-to-slotline transition with 
multilayer structure. The configuration of this design consists of two substrates layers and one layer ofa ground plane in the middle 
of the two substrates. Where, the proposed design is formed by rectangular-shaped microstrip line at the top and bottom with 
rectangular slot at the common ground plane. CST Microwave Studio software is used for coupler design and optimization. Then, 
the simulated results are compared to the measured results for verification. The characteristics of electric field for odd and even-
mode are presented via cross section analysis of the coupler design. 
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I. INTRODUCTION 

Communication systems in modern technology are usually connected with the microwave components with passive 
configurations. This passive form of the device is to ensure the compact and optimum performance of the system. One of the 
microwave components that are usually used is directional coupler, which has a function to combine or split the input signal 
[1-2]. Directional coupler has shown a great demand in many microwave applications such as six-port networks, beam forming 
networks, modulators and demodulators. For the case of a directional coupler with wideband capability, it is able to maintain 
the wide operating bandwidth even when integrated with other systems. Furthermore, the passive planar form of directional 
coupler, which is realized in stripline or microstrip offers an advantage for easy installation. One of the considerations in 
designing a coupler is to achieve a tight coupling coefficient for the designated frequency band. Tight coupling can be 
achieved using tandem configuration as presented in [3-5]. One of the tandem designs has implemented the technique of 
symmetry wiggly coupled-line, which is presented by Uysal and Aghvami in [3]. However, the requirement of this technique is 
to have wire for crossovers. This may lead to low tolerance in the fabrication and installation stage. In addition to that, the 
crossover also limits the operation bandwidth of the proposed coupler. In other words, the symmetry wiggly coupled-line 
offers trade-off between tight coupling and wide bandwidth. Since tight coupling and wide bandwidth are required in this 
design, another method to solve this problem is required. 

Owing to the problems, the technique of microstrip-to-slot transition [6-13] is introduced to improve the limitations of 
coupling and wide frequency range. This technique not only offers tight coupling and wider bandwidth but also promises 
compact and small size of a directional coupler. The significant difference between those designs is the patch size at top and 
bottom layer together with slotline at middle ground layer controls the offered flat coupling coefficient over very broad 
frequency band. In this research, the directional coupler with 90º phase difference is presented. It is also known as the three-
section quadrature hybrid directional coupler that can operate for wideband frequency range of 2 to 6 GHz. The technique of 
microstrip-to-slot transition technology is implemented into the design of coupler with a multilayer configuration. Even and 
odd mode of excitation is analyzed to figure out the electric field characteristics. Furthermore, the initial dimensions of the 
quadrature hybrid coupler are determined by referring to the even and odd mode equations in [14]. Implementing the initial 
calculated dimensions, the design of coupler is simulated and optimized using CST Microwave Studio software. The 
characteristics of S-parameter and phase difference are studied and the effect of patch size is analyzed. This coupler offers a 
wideband of 2 to 6 GHz with measured return loss better than 13 dB, tight coupling of 3 dB and 50 mm x 20 mm of overall 
size. 

II. SUBSTRATES PROPERTIES 

Prior to the design of any microwave components, it is essential to study the properties of the used planar dielectric 
material. This is required in choosing the most suitable substrate to obtain the optimum performance. In this research, a 
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In this research, the design of quadrature hybrid coupler is based upon the properties of Rogers RO4003C substrate that 
comes with the important compositions of dielectric constant of 3.38, loss tangent of 0.0027, substrates thickness, h of 0.508 
mm and thickness of conductor coating, t of 17µm. The final quadrature hybrid coupler size excluding the ports occupies an 
area of 50 mm × 20 mm. The width of the slotline at ground plane and width of the microstrip line at the top and bottom layer 
is the parameter to control the coupling coefficient. Meanwhile, the designated frequency range is controlled by the number of 
sections and the length of the designed coupler.  

Therefore, the width of slotline and microstrip line is initially calculated based on the characteristic of the odd and even-
mode analysis, common microstrip line equation and conformal transformations [12, 14]. The different widths of the 
microstrip and slotline create the different characteristic impedances and coupling coefficients. The characteristic impedance of 
odd mode (Z0o) and even mode (Z0e) are obtained by referring to each excitation mode. The equations of characteristic 
impedance of both modes are expressed in equation (1) to (4) [14]: 

 	 , 	 20  (1) 

  (2) 

 	

.

 (3) 

 	

.

 (4) 

where, Z0 is the 50 ohm characteristic impedance of microstrip line. By having the characteristic impedance (odd mode and 
even mode), the width size of the microstrip and slotline can be determined, which will be explained next. 

First, the initial dimensions of the quadrature hybrid coupler are determined. The length of microstrip patch is determined 
in a straightforward manner as a quarter of the effective wavelength, λe at the centre frequency. By using these initial 
dimensions, the simulation and optimization of the design are carried out in CST Microwave Studio. The crucial dimension is 
the width of the microstrip line, wm (labeled as wt1 and wb1 in Fig. 3) that is responsible for the characteristic impedance of the 
Z0o [14]. The common microstrip equation (5) and (6) can be used by assuming that the slotline is closed by conducting ground 
plane. Equation (5) and (6) are presented as follows: 

 1 ln 2 1 ln 1 0.39 .
 (5) 

 
√

 (6) 

where, h and εr are the substrate thickness and the relative permittivity of the substrate, respectively. After obtaining the 
dimension for the microstrip line, the width of the slotline, ws (labeled as wg1 in Fig. 3) can be determined using conformal 
transformations from even-mode characteristics impedance, Z0e as in Equation (7) and (8). 

 
√

 (7) 

 

ln 2 ,																		 	0.707 1

,													 	0 0.707
 (8) 

From equation (7) and (8), the K(k) is the first kind elliptical integral, where K(k)=K(√1 . To solve equation (8), the 
unknown parameter, k is required by referring to equation (9) as follows: 

  (9) 

From the observation in Fig. 2, the length of slotline is chosen slightly longer than the microstrip line section length. The 
different lengths of the microstrip and slotline will introduce gradual transition of impedances from one section to another. The 
gradual change of impedance can reduce losses compared to the abrupt change of impedance. This method can also reduce the 
effect of the different phase velocities for odd and even mode. 

Then, the final and optimized configuration of the three-section quadrature hybrid coupler is illustrated in the Fig.3.The 
dimensions of the microstrip patch at top and bottom layer are identical, where wt1 = wb1 = 1.35 mm, wt2 = wb2= 3.67 mm, lt1 = 
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