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Abstract— This paper is based on the study of broadband dual 

directional coupler. Also, to improve the performance 

parameters like directivity, coupling etc. different literature 

are studied. The -24 dB fixed coupling directional coupler 

using transmission line transformer technique is under 

developed. 
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I. INTRODUCTION 

Directional coupler are four port passive devices that are used 

mostly in the area of radio frequencies technology. They 

couple a defined amount of the electromagnetic power in 

a transmission line to a port enabling the signal to be used in 

another circuit. 

Thus, it is like impossible to measure the power 

without directional coupler. [1] 

 
Fig. 1: Directional coupler 

A. Performance parameters 

Coupling: It is defined as the ratio of coupled to the input 

power which is given by 
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Isolation: It is defined as the difference in signal level     

between the input and the isolated port when other two port 

are terminated by matched load which is given by 
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Directivity: It depends upon the cancellation of two wave 

components which is given by 
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Also, 
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Insertion loss: It is defined as the ration of transmitted power 

to the input power which is given by 
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Sr. 

No. 

3-port uni 

directional 

coupler 

4- port bi 

directional 

coupler 

4- port dual 

directional 

coupler 

1. 

Sample and 

monitor power 

in one 

direction at a 

given time. 

I/p and o/p are 

interchangeable 

& The 

directivity is 

dependent upon 

well matched 

50 Ω loads on 

the coupled 

ports. 

 

This provides 

bi-directional 

coupler action, 

but with 

independent 

use of the 

coupled ports 

& a 

mismatched 

load applied to 

either of them 

will not affect 

the other. 

2. 

   

B. Ferrites 

A ferrite is a type of ceramic compound composed of iron 

(III) oxide (Fe2O3) combined chemically with one or more 

additional metallic elements. They are both electrically 

nonconductive and ferromagnetic [2] & [3]. 

 
Fig. 2: Ferrite transformer and ferrite 

II. MOTIVATION 

At low frequency lumped component are used and at high 

frequency distributed component are used. 

At 10 MHz,   = 
c

f
 = 

3∗10^8

10∗10^6
 = 30m               (6) 

At 80 MHz,   = 
c

f
 = 

3∗10^8

80∗10^6
 = 3.75m            (7) 

Here, the size of waveguide will be too large so to 

get reduced size directional coupler we go for directional 

coupler using transmission line transformer technique. 

III. LITERATURE SURVEY 

A. Design of diectional coupler 

Fig.3 represents the RF power measurement using capacitive 

or resistive voltage divider for bandwidth extension & ferrite 

core wound with low no. of turns which increase upper 

frequency limits. The currents and voltages are sampled at 

both the ends of the coupler. 

https://en.wikipedia.org/wiki/Port_(circuit_theory)
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At input side the component of the voltage samples 

corresponds to voltage and current of forward wave are added 

and at output side the current and voltage of reflected wave 

are added. 

A similar situation occurs on the other side of the 

transformer (2 & 4). At the load side, the components of the 

voltage samples which correspond to the voltage and current 

of the forward wave are subtracted and the components of the 

voltage samples which correspond to the voltage and current 

of the reflected wave are added. 

So, the voltage resulting from the addition at the 

input end is proportional to the forward power, and the 

voltage resulting from the addition at the load end is 

proportional to reflected power [3]. 

 
Fig. 3: Directional Coupler with arbitrary load 

We can conclude here that the transformer can be 

used as the different ports to measure forward and reverse 

signals as it will be useful in the further designs. As the 

ferrites material have low losses we will choose the ferrites 

as the core for the transformer. 

B. Core measurement setup 

 
Fig. 4: Core measurement setup 

 
Fig. 5: Core loss Vs. Temperature 

Fig. 4 represents a core loss measurement setup 

based on digital oscilloscope (DSO) and function generator 

(FG) under sinusoidal excitation. Review of existing core loss 

measurement technique based on wattmeter method is used. 

Ferrites are ferromagnetic material which 

characteristics such as power loss, complex permeability, 

amplitude permeability depends on both, frequency and 

intensity of the magnetic field inside the core. The function 

generator (FG), Digital Oscilloscope (DSO) and CUT (Core 

under Test) is used in the core measurement [4], [5] & [6]. 

Fig.5 represents the low loss Ni-Zn ferrites which 

offers better miniaturization prospects because it’s high 

electric resistance exceeding 10^7 Ωm. 

Here, we conclude that Ni-Zn gives the very low 

losses among the all ferrites. So, it is better to use here for the 

directional coupler. 

C. Directional Coupler using Topologies 

With inspiration of the conventional coupled-line coupler, the 

core is a section of coupled micro strip lines that support two 

different propagation modes with two different 

electromagnetic field distributions. Even & odd mode signals 

are named because of the symmetric geometry and the nature 

of the field distribution [7]. 

Fig. 4 represents the different S-parameters for ring topology 

as follows, 

S11: -40 to -30dB in the frequency range 0 to 30 MHz 

S21: -40 to -10 dB means maximum power from port 2. 

S31: -10 to 0dB means 30% power is from coupled port. 

S41: -40 to -20dB means very less power out from isolated 

port. 

 
Fig. 6: Proposed coupler with ring topology 

 
Fig. 7: S Parameters for ring topology 

Here, we conclude that coupling parameters need to improve 

so that very less power will be out from the coupling port. 

IV. PROBLEM DEFINITION 

Here, we conclude that coupling parameters need to improve 

so that very less power will be out from the coupling port. 
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V. CONCLUSION 

The goal has been to develop practical directional coupler 

with reduced size & improved performance parameters. If 

possible, the ferrite material will have characterized using 

Ansys Maxwell 3D. It includes the fabrication, testing and 

analyse of the directional coupler using Vector Network 

Analyser & Oscilloscope. 
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