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Abstract- Dual directional couplers are one of the important components in high power system for online monitoring of 
forward and reflected power flowing to and from RF load. RF load can be microwave applicator or antenna. This paper deals 
with parametric study of WR340 waveguide type dual directional coupler, operating at a frequency of 2450MHz ± 25MHz. 
The coupler designed is a loop type dual directional coupler. Experimental results on waveguide dual directional coupler are 
presented in this paper. Experiments were carried out on the designed coupler by varying width of coupling loop plate. This 
parametric study of dual directional coupler will help in design and developing finest dual directional coupler and also it will 
help in designing the couplers at other frequencies with suitable scaling factor. 
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I. INTRODUCTION 
 
In today’s microwave technology, the directional 
coupler has become a virtually indispensable 
measurement tool. It provides a simple, convenient, 
accurate means for sampling microwave energy 
without moving parts and without the need for 
adjustments. The directional coupler also provides the 
important capability of separating forward from 
reflected power. By selecting energy traveling only in 
one direction, accurate VSWR measurements can be 
made automatically [1]. 
 
Dual directional couplers are widely used in many 
microwave and millimeter wave systems for 
generating desired power splitting with certain 
specification requirements such as frequency 
bandwidth, directivity, and so on [2].  
 
At high frequencies, waveguide structures are often 
used because of their low insertion loss and high 
power handling capability. The early use of a 
coupling aperture was the Bethe-hole waveguide 
directional coupler, which has a single round hole 
centered in the common broad-wall between two 
waveguides, the axes of which were at an angle such 
that, at the design frequency, the electric and 
magnetic couplings to the branch waveguide cancel 
in one direction while add in the other [3].  
 
In this paper, parametric study of microwave high 
power waveguide dual directional coupler has been 
described and experimental results on the designed 
coupler by varying width of the coupling loop plate 
has been investigated. This parametric study of dual 
directional coupler will help in design and developing 
finest dual directional coupler. 
 
 

 
II. WORKING PRINCIPLE 
 
Dual directional coupler is a four-port RF network 
circuit  where  all four   ports are ideally matched and  
lossless. These couplers are passive devices which are 
used to couple a fraction of the RF power travelling 
in the forward/reverse directions from one port to 
another port. Dual directional coupler works on the 
principle of interaction of the electromagnetic fields 
of coupling loops with the main line. The RF wave 
incident at the input port (port1) couples fraction of 
power into coupled port and isolated port (ports3 and 
4 respectively) without disturbing the flow of signal 
and transfer power to output port (port2). The 
principal application of dual directional coupler is in 
monitoring signals simultaneously in forward and 
reverse directions, thus, these are used extensively for 
on-line monitoring of the forward and reflected 
power flow at the output of the high power 
microwave amplifier/transmitters/generators. Because 
of different load conditions presented by an 
applicator/load power transferred from and reflected 
towards the microwave source (i.e. magnetron) 
changes, which needs to be optimized for longer life 
of the magnetron. This optimization of forward power 
is achieved by use of dual directional coupler along 
with tuner [4]. 
 
A dual directional coupler has been fabricated and 
parametric study of the coupler operating at 
2450MHz ± 25MHz has been carried out for 
evaluating the effect of variation of width of coupling 
loop plates on performance parameters like coupling 
and   directivity   of   the   dual   directional    coupler.  
Coupling closed to 60dB and directivity as high as of 
30dB has been achieved from this coupler. 
 
III. DEVELOPMENT OF THE COUPLER  
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This waveguide loop coupler consists of a small 
length rectangular brass WR340 waveguide with 
rectangular flanges silver brazed at the input and 
output ends. Schematic diagram of the developed 
coupler is shown in Fig. 1. Separate coupling loops 
for forward and reflected power are mounted above a 
small hole in the broad wall of the waveguide. Two 
holes identical in size with diameter, D and 
separation, S are drilled on the broad wall of the 
waveguide. The diameter of the hole decides the 
value of the performance parameters i.e. coupling and 
directivity of the dual directional coupler. These 
coupling loops consists of small rectangular brass 
plate approximately 1mm thick soldered to the gold 
plated center conductor of N type female connector 
and other end of brass loop plate is terminated to 
ground through 50Ω SMD resistor. The threaded end 
of the N type connector is used for measurement of 
the forward and reflected coupled power.  
 

 
Fig. 1 Schematic of the dual directional coupler [4] 

 
Both the coupling loops are cylindrical and identical 
in construction. The mounting arrangement of the 
loops on waveguide is made such that loops can be 
rotated and locked to desired position to 
simultaneously adjust the coupling and isolation for 
improvement   in the  directivity, which   is  figure of  
merit of dual directional coupler. The photographs of 
the forward and reflected coupling loops are shown in 
Fig. 2 (a, b, c).   

 
Fig. 2 Photographs of brass coupling loops 
(a) top view, (b) bottom view, (c) side view 

 
The complete photograph of the fabricated dual 
directional coupler with input/output flanges and 
coupling loops for both forward and reflected 
coupling ports is shown in Fig. 3. This dual 
directional coupler  is  capable  of  operating  at input 
power of 6kW CW microwave with frequency range 
of 2450MHz ± 25MHz. 
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Fig. 3 Photograph of the dual directional 

coupler 
 
IV. MEASUREMENTS AND RESULTS 

 
A. Measurement setup 
The measurement setup of dual directional coupler is 
shown in Fig. 4. It consists of Agilent Technologies 
VNA- N9923A, two 50Ω WR340 waveguide to co-
axial adapters, two 50Ω N type male terminations and 
DUT i.e. dual directional coupler. 
The VNA was calibrated using SOLT method (Short, 
Open, Load, Thru) for center frequency of 2450MHz 
± 25MHz. Measurements of RF parameters like 
coupling, isolation, insertion loss, input return loss, 
output return loss, input VSWR and output VSWR 
were carried out for various loop plates. During the 
measurement, coupling loops were adjusted to get 
coupling close to 60dB and maximum directivity 
(more than 20dB) to have high isolation between 
forward and reflected coupling ports.  
 

 
Fig. 4 Measurement setup with VNA 

 
B. Effect of loop plate width on coupling and 
directivity 
To study the effect of variation of plate width of the 
loop on the performance of the coupler, the thickness 
of the plate was kept fixed at 1mm and length of the 
plate was taken as18mm. The loop plate separation 
from the surface of the coupling holes of broad wall 
was maintained at 3mm. The loop plate width was 

varied from 5mm to 9.5mm, for which coupler 
response is plotted in Fig. 5.  
The measurements were carried out on the fabricated 
directional coupler with four different loop plates 
with following dimensions- 
i) 18mm (Length) X 5mm (Width) X 1mm (Thick)  
ii) 18mm (Length) X 6mm (Width) X 1mm (Thick)  
iii) 18mm (Length) X 7.6mm (Width) X 1mm 

(Thick)  
iv) 18mm (Length) X 9.5mm (Width) X 1mm 

(Thick)  
The holes on broad wall of waveguide are kept 
6.2mm and height of the loop plate from the surface 
of hole is kept at a distance of approximately 3mm.  
 

 
Fig. 5 Effect of the width of the loop plate on the 

coupling and the directivity 
 
From the graph it is seen that as the loop plate width 
increases, coupling increases by 1-3 dB and increase 
in directivity is also observed with increase in loop 
plate width because of improved cancellation of 
electric and magnetic field in reverse direction. The 
minimum directivity obtained is approximately 10db 
and maximum of 30dB. The measured plots of 
coupling, isolation and insertion loss for 9.5mm wide 
loop plate are shown in figure 6, 7 and 8 respectively. 
From these plots we can calculate the directivity 
which is the difference between value of isolation and 
coupling. Thus, the value of directivity comes out to 
be around 30dB. 
 

 
Fig.6 VNA plot for coupling 
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Fig.7 VNA plot for isolation 

 

 
Fig.8 VNA plot for insertion loss 

 
CONCLUSIONS 
 
The WR340 waveguide dual directional coupler 
operating at 2450MHz with bandwidth of 50MHz  
has been successfully designed and developed. The 

effect on performance parameters of dual directional 
coupler due to change in width of loop plate has been 
investigated. From the investigation it is observed 
that as the loop plate width increases directivity and 
coupling increases but it is having less effect on other 
parameters i.e.  insertion loss, input return loss, 
output return loss, input VSWR and output VSWR. It 
is also observed that the values of performance 
parameters are almost constant over the entire 
bandwidth. 
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