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Abstract. This paper presents a compact rectangular patch hybrid coupler design which can be operated at 

dual resonant frequencies and is suitable for modern wireless applications. The dual-band functionality 

while maintaining practical compactness is achieved by introducing a series of parallel rectangular slots. 

The proposed design is optimized by the CST studio suite software and etched on the FR4 substrate. The 

good agreement between the simulated and measured frequency responses indicate that the presented 

coupler is capable of operating from 2.44 GHz to 3.1 GHz and from 5 GHz to 5.8 GHz, with fractional 

bandwidth of 24.44% and 14.8%, respectively, and a size reduction of 56.28%. The robust simulation results 

indicate that the proposed design is suitable for microwave integrated circuits (ICs) that require small size 

and dual functionality.

1 Introduction  
The rapid development of wireless communications 

systems requires the creation of new systems that can 

operate in multiple frequency bands and support 

multiple standards. The multi-band RF components, 

consisting of single circuits and operating at multi-

specified frequencies, are compact solutions for modern 

wireless communication systems. Therefore, the 

directional coupler [1], being an important passive 

device, must be redesigned to meet these requirements. 

These passive devices are widely used in various 

applications such as phase shifters [2], mixers, power 

amplifiers and bridging of many microwave circuits [3]. 

There are three main topologies for hybrid couplers. 

These are the branch line [4], coupled line [5] and patch 

line [6] structure. Each of these topologies has its 

specific benefits and drawbacks. 

Various approaches have been suggested to design 

hybrid dual-band couplers. In reference [7] the authors 

have replaced the conventional coupler branches by a 

composite metamaterial transmission line on the right 

and left sides for dual-band functionality. The losses of 

the local components and interconnecting holes in the 

left-hand TLs are important. In [8], the cross-coupled 

branch coupler achieves the dual frequency band and 

improved frequency bandwidth by using the additional 

cross-coupled branches. The use of arms with 

connection lines was highly appreciated to ensure the 

implementation of a dual-band functionality and 

consequently, increase the overall surface of the 

couplers [9]. In Ref [10][5], dual-band performance is  
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realized with the extension of ports and, as a 

consequence, increasing the coupler's total size. 

however, However, miniaturization is of particular 

interest for wireless equipment. Within this context, 

several works are oriented to realize dual-frequency 

structures while maintaining a compact size. For 

example, in [11], a dual-band inline coupler with 

reduced size is proposed by the authors, with a topology 

composed by two π-shaped TLs. In reference [12], the 

dual-band operation and miniature area are 

complemented by the use of non-uniform microstrip 

transmission lines. In addition, in reference [13], a dual-

band miniature coupler with a power division of 3 dB is 

presented. This compact design is obtained through the 

folding of sections of the transmission line within a 

circuit. And in [14], the dual-band performance is 

achieved by implementing artificial transmission lines 

(TLs) based on open ring resonators (OSRRs). 

This work presents the design, the simulation and the 

fabrication of a compact dual-band hybrid coupler with 

rectangular patch loaded by parallel rectangular slots as 

shown in Figure 1. Our proposed design has various 

benefits compared to conventional dual-band systems. 

First, the patch design minimizes the undesirable effects 

caused by junction discontinuity in the BLC design as 

the operating frequency rises. Second, the patch offers a 

structure which is simple, easily and inexpensively 

manufactured. Third, the rectangular slot-loaded hybrid 

patch coupler is able to offer a wider bandwidth than the 

branched line coupler-based designs. Finally, the slot-

loaded rectangular patch hybrid coupler has a 
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convenient phase response at the output ports and can 

provide a quadrature phase difference in both bands. In 

this paper, a conventional single-band rectangular patch 

hybrid coupler is presented firstly, and then a compact-

sized dual-band rectangular patch hybrid coupler 

topology is defined by introducing parallel rectangular 

slots. 

 

Fig.1. Design of the proposed dual-band coupler with 

rectangular patch 

2 Conventional patch coupler
The design procedure starts by using the standard 

transmission line model equations as a guideline for the 

design of the conventional microstrip patch coupler, as 

shown in Figure 2. Through the adjustment of the center 

of the frequency band to 3.5 GHz and the properties of 

the material used, namely FR-4, the conventional patch 

coupler dimensions are achieved which are given in 

Table 1. 

Fig. 2. Conventional patch coupler design 

Table 1. Dimensions of the conventional patch coupler

Parameters Value (mm)
�� 25.4

lp 21

�� 4.35

�� 13

The area occupied by the traditional patch coupler 

design is (25.4mmˣ47mm). The Figure 3 and Figure 4 

show the simulated frequency responses of the design,

where the return loss| ���|and isolation| ���| are 24.7

dB and 56.5 Db at the resonant frequency of 3.5 GHz 

respectively. Furthermore, the coupling factor |�	�| and 

insertion loss |�
�| are equal to 3.7 dB and 4.4 dB, 

respectively, with a phase difference of the output ports 

of 88.1°.

 Fig.3. Conventional patch coupler frequency response 

 

Fig.4. Two output ports phase of the conventional patch 

coupler 

3 Compact dual-band patch coupler
To create dual-band functionality while simultaneously 

overcoming the bulky patch coupler size, a series of 

parallel rectangular slots have been etched on the patch, 

which introduces more resonances and achieves dual-

band functionality characteristics. Figure 5 shows the 

dual-band hybrid coupler with rectangular patch, is 

simulated in an optimized way using CST studio suite 

software. The parameter dimensions used for this design 
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are given in Table 2, of which the overall area of the 

proposed structure is (29mm˟18mm), so it occupies 

43.72% compared to the conventional structure, 

therefore it makes a saving of area by 56.28%.

 

Figure 7 shows the simulated phase shifts between the 

two output ports. The phase differences are 88.4° and 

92.7° respectively at the two reasoning frequencies. 

The total size of the proposed dual-band patch coupler 

is 522 ��


Fig.5. Proposed dual-band patch coupler design

Table 2. Dimensions of the proposed dual-band patch coupler

Parameters Value (mm)
�� 23

�� 18

��� 19

��� 11

��
 16.5

��
 8.5

� 11

 �� 2.4

�� 3

g 0.5

As shown in Figure 6, the proposed patch coupler has a 

good frequency response in two frequency bands. The 

return loss | ���|, and the isolation | ���| are 46.6 dB, 25.4

dB at 2.6 GHz, and 22 dB, 31.6 dB at 5.3 GHz, 

respectively. And the simulated | �
�|, | �	�| are 3.7 dB, 

3.2 dB at 2.6 GHz, and 4.1 dB, 3.9 dB at 5.3 GHz, 

respectively. The fractional bandwidths with | ���| < 10

dB and | ���| < 10 dB are 36.15%, 33.42% at 2.6 GHz, 

and 16.79%, 20.94% at 5.3 GHz, respectively. 

Fig.6. Proposed dual-band patch coupler frequency response 

 

Fig.7. Phase of two output ports of the proposed dual-band 

patch coupler  

Figure 8 shows the construction of the optimized hybrid 

quadrature coupler prototype, Where the dimensions of 

the miniature coupler are 29 mm˟18mm, representing 

56.28% of reduction compared to the conventional 

coupler.  In Figure 9, the proposed design's frequency 

responses are shown, in which the manufactured 

construction demonstrates a strong match with the 

results of the simulation, so that the proposed coupler 

has two bandwidths ranging from 2.44 GHz to 3.1GHz 

and 5 GHz to 5.8 GHz respectively while keeping high 

performance. The phase difference measured between 

the two output ports  �
�and  �	�is equal to 88% for the 

1st band centered at 2.72 GHz and 88.2% for the 2nd 

band centered at 5.4 GHz, indicating that the envisaged 

layout is adequate for connecting the signals diagonally 

for the two reasonable frequencies. 

 

 

Fig. 8. Proposed dual-band patch coupler photograph
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Fig.9. Frequency response of the manufactured dual-band 

patch coupler 

4 Result and discussion
 In this chapter, we compare the traditional coupler and 

the proposed design. The results of this comparison are 

shown in Table 3, which demonstrates that the proposed 

configuration provides a 56.28% size reduction over the 

conventional design. Simultaneously, the proposed      

structure provides dual-band behaviour while 

maintaining high performance. The high agreement of 

the proposed dual-band patch coupler's simulated and 

measured performance can be seen in Figures 10 and 11, 

and demonstrate the success of this structure in meeting 

the need for multiple standards and dual-band operation. 

Fig.10. Proposed dual-band patch coupler simulation 
and measurement results 

 

 

Fig.11. The proposed dual-band patch coupler 
simulation and measurement phase

Table 3. Comparison between the conventional and the 

proposed model of the dual-band patch coupler. 

 

With the aim of properly evaluating the results of the 

envisaged coupler. A comparative study of the dual-

band coupler presented here versus some others reported 

earlier in frequency response, phase shift and physical 

dimensions is given in Table 4. The encouraging results 

of the dual-band patch coupler indicate that it is a good 

choice for wireless communications systems, which 

require systems that can cover several bands and support 

several standards.

PParameters  CConventional  

RResult  

SSimulation 

RResult  

MMeasurement 

RResult  

Frequency 
(GHz) 3.5 2.6 5.3 2.72 5.4

�11(�
) -24.7 -46.6 22 -33.29 -20.13

�21(�
) -4.4 -3.7 4.1 -3.8 -4.5

�31(�
) -3.7 -3.2 3.9 -4 -4.5

�41(�
) -56.5 -25.4 31.6 -26.28 -33

Phase
Difference (°) 88.1 88.4 92.7 88 88.2
FBW (%) 62 36.15 16.79 24.44 14.8
Area (��2) 25.4˟47 29˟18

Percent
reduction (%) 56.28%
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Table 4. Comparison between proposed coupler with previous works

5 Conclusion 

A miniature dual-band hybrid patch coupler has been 
presented. Parallel slots are used to achieve dual-band 
operation while maintaining a compact size and lower 
complexity. The simulation and optimization of the 
proposed hybrid patch coupler is performed by the CST 
studio simulation software and then etched on the FR-4
substrate. The results measured show the ability of the 
proposed structure to operate from 2.44 GHz to 3.1 GHz 
and from 5 GHz to 5.8 GHz, with a size of (29mm ˣ
18mm). The scattering parameter and output port phase 
difference results have excellent performance and high 
agreement between measurement and simulation results, 
showing that this coupler prototype is well suited to 
modern wireless implementations that require dual-band 
operation and a compact size.
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Ref Freq. (GHz) �11(�
) S21(�
) �31(�
) �41(�
) D.P(°) Size (��2)

[10] 1 -36.7 -3.3 -3.1 -32.9 90
33.66ˣ32.342 -25.3 -3.1 -3.7 -29.9 89.89

[11]
0.87 -26 -3.3 -3.67 -34 89.3

31ˣ311.79 -21.6 -3.09 -3.9 19.9 91.4

[12]
0.9 -18.3 -3.1 -3.25 -18.33 90

65.34ˣ65.341.8 -19.1 -3.08 3.14 -18.7 90

This
work

2.6/2.72 -46.6/-33.29 -3.7/-3.8 -3.2/-4 -25.4/-26.28 88.4/88
29ˣ185.3/5.4 -22/-20.13 -3.9/-4.5 -4.1/-4.5 -31.68/-33 92.7/88.2
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