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Abstract 
A new directional coupler structure using defected ground window structures between back-to-back 

microstrip lines is described in this paper. Directional couplers have been designed and fabricated 

conventionally with planar substrate structures such as microstrip line (Fig. 1) and striplines. Even 

though a few three-dimensional (3-D) directional couplers have been proposed previously as 

extremely exceptional cases, but the required costs are too expensive because semiconductor 

fabrication processes should be provided for fabrication. In order to overcome the cost problem and 

propose a new solution for 3-D directional couplers with cheap microstrip lines, the authors propose a 

directional coupler, which consists of back-to-back microstrip lines and a defected ground window 

structure on the common ground plane. The side view of Fig. 2 shows the structure of back-to-back 

microstrip lines with the common ground plane. If the line from port1 to port2 is placed on the top 

plane, while the other one from port3 to port 4 bottom plane, and if the long rectangular area called 

defected ground window structure (DGWS) is removed on the ground plane with a good alignment for 

the coupling section, a 3-D directional coupler is designed with cheap microstrip structure as shown in 

Fig. 3. It is noted that the coupling coefficient depends on not only the line width and dielectric media 

as general cases, but also the dimensions of DGWS strongly. Fig. 4 shows the S-parameters of the 

proposed directional coupler when the dielectric constant and thickness of the microstrip substrate are 

2.2 and 31 mils, respectively. In Fig. 4, the coupling coefficient (S41) in this case is 15dB with an 

excellent isolation property (S31). The advantages of the proposed coupler structures are; 1) reduced 

size 2) improved directivity than conventional design, 3) coupling coefficients are also controlled by 

the dimensions of DGWS, 4) more flexible design, 4) possibility for providing better density of 

integration because additional high frequency circuits can be realized on both sides of microstrip line, 

and so on. 
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