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Abstract: Directivity of microstrip directional coupler is 
measured based on its scattering parameters and coupling 
factor, directivity and isolation factor. Directivity of the 
microstrip directional coupler is very low, to overcome these 
problems many methods were applied like lumped capacitor, 
lumped inductor, implementing wiggling edges. In this paper 
we introduce a compensation method to improve directivity, 
i.e. multilayer configuration. This method valid for tight and 
closed loop structures. Proposed method is designed by using 
HFSS software and experimental results will show, multilayer 
configuration is the best suitable method to improve directivity 
of directional coupler.  

Index Terms:  Microstrip directional coupler, directivity, 
ANSYS software. 

I.  INTRODUCTION

 Microstrip directional coupler [1]-[4] has four ports, 
designing and implementation made on the parameters of 
insertion loss, isolation loss and coupling loss [5]. In 
directional coupler to improve directivity, one of the ports 
has to be terminated and these devices used to detect 
forward and reverse power. If the input power (Pi) is given 
in port 1, power received at port 2 is received power (Pr), 
power received at port 4 i.e coupled port is given by forward 
coupled power (Pf) and the power received at port 3 is back 
power (Pb), but in ideal case Pb=0. From these powers in 
directional coupler, some factors like coupling factor, 
directivity and isolation factor. To design any type of 
antenna, these factors have to be considered for practical 
considerations: 

 Coupling factor C=10log( ) 

 Directivity D=10log( ), in practical case to 
develop directivity Pb value has to be low. 

 Isolation factor I=10log( ) or 10log(((( ) 

Microstrip directional couplers are widely used in radar, 
optical, fiber communications. Directional couplers make 
good performance while transmitting signals from 
transmitter to receiver. In RF industry [6], microstrip 
antennas are made of very cost effective and leakage 
problem at receiver is null. The manufacturing and 
designing of microstrip type [7] directional efficiency is 
very high whereas the directivity is very poor. To improve 
directivity [8] of microstrip directional coupler, many 

compensation methods are available, connecting lumped 
components at the ends of the antenna, dielectric overlay [9] 
on coupler lines, wigging coupled edges and multilayer 
configuration [10]. In these methods, multilayer 
configuration makes important factor. Multilayer 
configuration can be designed using two-line [11] and three-
line layers. Design procedure of multilayer configuration is 
based on statistical and numerical values. Conventional 
microstrip couplers are practical sampling devices and can 
be used to detect either forward or reverse power in practice 
because one of the coupled ports is usually terminated with 
lumped element for compensation to improve the directivity. 
This problem can be overcome using three-line microstrip 
couplers and have one of the ports of the coupled lines as 
forward signal detection while terminating the other port of 
the same-coupled line with a lumped element for 
compensation of the mismatch for directivity improvement. 
Then, other coupled line can be used for reverse signal 
detection and same technique can be applied to improve the 
directivity. The use of three-line microstrip couplers as 
reflectometers. However, the design of three-line microstrip 
directional couplers in the literature again is based on the 
use of odd and even mode impedance design charts. 

To increase the directivity, it has been proposed to design 
a tightly coupled microstrip directional coupler. In this 
paper, the directional coupler [12] is operated in the 
bandwidth limited from 5GHz to 12GHz and has coupling 
factor of 60dB. Another important way to increase the 
directivity compared to the previous papers is through 
matched termination of the ports. In this paper, it has been 
implemented two-line microstrip directional coupler [13] 
with closed form. The dual line directional coupler is 
designed with the parameters like operating frequency, 
thickness of copper patch and substrate, port impedances. In 
this paper, it has been analyzed the results and statistical 
analysis is made on curve fitting method. The analysis of 
simulation, statistical and graphical methods are present in 
this paper.  

This paper organizes as follows; Section II describes 
literature survey, Section III gives the information about 
Method of analysis. Section IV describes simulation results. 
Section V describes conclusion and future scope. 

II. LITERATURE SURVEY

This section gives paper description on the previous 
papers.In [14], authors descirbe branch guide directional 
couplers analysis of synthetic technique to extract 
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butterworth characterstics by Chebyshev ripple 
characterstics. Microstrip directional couplers designed 
using C
designed, an octave wide (2-4 GHz) magic tee [15] designed 
with simulation results. In [16], authors give information 
about accurate and simple model to transition between probe 
fed microstrip antenna and microstrip circuit in back to back 
configuration. In [17], authors designed antenna for wireless 
communication systems with H-shaped coupling slots on the 
grounded metal plane. In [18], authors designed microstrip 
antenna with the quasi-cross-shaped aperture is excited by a 
U-shaped and an M-shaped microstrip feedline, which leads 
to two orthogonal polarizations to improve directivity.  

III. METHOD OF ANALYSIS

In this section, the simulation designing and 
implementing methods of dual line micro strip directional 
coupler is given: 

The designing procedure of dual line directional coupler 
is shown in figure 1 and 2. The design procedure requires 
port impedance, type of material, operating frequencyin 
MHz, coupling level in dBs and dielectric constant. Table 1 
shows the operating specifications of dual line microstrip 
directional coupler. The physical construction of two strip 
directional coupler or cross sectional view of coupled 
microstrip lines is shown in figure 2. The configuration of 
two line is specified by parameters like W/h shape ratio and 
s/h spacing ratio. In the design of two line micro strip filters 
and couplers depend on W/h ratio (corrected shape ratio), 
s/h ratio (shape ratio), characterstic impedence in even mode 
impedence (Zoe) , odd mode impedence (Zoo) and length (L) 
of the substrate plays important role. 

TABLE I.  
DESIGNING PHYSICAL SPECIFICATION OF DUAL LINE MICROSTRIP 

DIRECTIONAL COUPLER 
Type of 
material 

Operating 
frequency 

Port impedance Coupling 
level 

FR4 250 MHz 50 -15 

Sides  Width Length height 
48.9mm 100mm 128.8mm 3.048mm 

Figure 1. Top, front and back view of dual line directional coupler. 

Figure 2. Back, Left and Right view of dual line directional coupler. 

The first step for designing procedure is to find even and 
odd mode impedances, equation 1 and 2 , 

  (1) 

   (2) 

Where Zo is port impedance, C is coupling value in dB, 
after finding even and odd impendences, next step is to find 
spacing and shape ratios. 

p
 and  are the shape 

ratios of even and odd mode. 

Shape ratio 

(3) 

Where , 

Spacing ratio 

        (4) 

Where is modified term for shape ratio for odd 

mode geometry. 



Then next step is to find length of the coupler and it is 
found by, 

   (5) 
where is wavelength of the antenna 
the effective permitivity constant of dual line couple 

structure is given by 

 (6) 
 and  are even and odd mode primitivities. 

With these parameters, it can be a design dual core 
microstrip directional coupler. 

IV.SIMULATION RESULTS

In this, it has been presented simulation and analysis 
results for different cases for two-line micro strip directional 
coupler. Teflon is considered substrate material [19] and 

dielectric constant is 2.8. The base design has been 
considered at -15dB coupling loss and 250MHz operating 
frequency. Physical dimensions for two strip directional 
coupler are shown in figure 3. These physical dimensions 
are analyzed in MATLAB software GUI [20]. Many other 
parameters like s/h spacing, W/h shape (in eq. W/h), even 
mode capacitance (Ce) and odd mode capacitance (Co) with 
dielectric constant, length are considered and analyzed using 
ANSYS software. 

After all physical results are known and obtained by 
ANSYS software [21]. In this material (teflon), the thickness 
is 100 millis. With this thickness, spacing between materials 
is 63.9 millis and width is 95.9 millis. By considering 
tolerance, these values are considered 65 millis and 100 
millis. The layout of two line microstrip had been shown in 
figure 2.  

Figure 3. Teflon substrate two strip directional coupler. 

In designing of directional coupler for different types of 
losses has been analyzed. Port losses for all ports scattering 
parameters has been analyzed here. Directivity, isolation and 
coupling losses are also considered with different 
parameters. Figures 4-10 show all the losses of dual line 
micro strip coupler. For the analysis of results in this paper, 
it has been considered ANSYS software and parameters are 
shown in table 1.  

From the simulation results port loss for self port i.e S11, 
S22, S33 and S44 are given by -28.6dB, -44dB, -27.5dB and -
40.4 dB respectively. Coupling loss and isolation loss is -
12dB and -24.5dB. where the important parameter for 
developing the directivity is -34.75dB which is very good 
parameter in designing the micro strip antennas. The main 
advantage of multi layer configurations is improving 



directivity. In this paper, it is shown that directivity of two 
layer micro strip antenna is improved significantly. 

Figure 4. S-parameter plot for port 1 i.e. S11. 

Figure 5. S-parameter plot for port 2 i.e. S22. 

Figure 6. S-parameter plot for port3 i.e. S33.

Figure 7. S-parameter plot for port 4 i.e. S44. 

Figure 8. S-parameter plot for coupling loss between 
port 1 and port 4 

Figure 9. S-parameter plot for directivity between 
port 4 and port 3. 



Figure 10. S-parameter plot for isolation loss between 
port 1 and port 3.

Once all the parameters are given to the model, then 
simulation starts with ANSYS software. While simulating 
the thickness of the material is 100mm, length is 128.8 mm 
and side width of 48.096 were considered. Figure 7 shows 
the coupling loss between 1 and 4 port, from the graph, it 
can be  analyzed that as the frequency is increasing the 
coupling loss is reducing. Where as the directivity loss is 
also becoming low at 7GHz point. From these results, it can 
be made the statement that it is the best suitable method for 
improve directivity. 

This method is valid for tight and closed loop structures. 

and experimental results showed that multilayer 
configuration is the best suitable method to improve 
directivity of directional coupler. 

In this paper, this work is limited to dual layer 
configuration, in future this method may get extension to 
three layer and multi-layer configuration. 
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