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Abstract
This paper presents the design and development aspects of 
stripline dual directional coupler used for power monitoring 
in RF front-end circuits, it is a microwave measurement 
device. This is a six port passive reciprocal network. Strip line 
version is the microwave integrated version of the microwave 
device that attracts towards miniaturization of the device. 
Compactness, lightweight, low loss, low cost, reproducibility 
and easy fabrication are the features of the miniaturized circuit. 
Design, fabrication of a 35±1 dB dual directional coupler is 
carried out by taking IEEE frequencies into consideration, 
operating this device at a frequency range from 1GHz to 2GHz 
designated as L band is carried out according to the procedure 
outlined. The fabricated coupler is tested and results found to 
be encouraging. In this, the circuit is printed on the RT- Duriod 
of thickness of 35mil. The dual directional coupler has been 
fabricated and tested with Spectrum Analyzer test setup. The 
basic parameters of the couplers i.e. Coupling, Insertion loss, 
Return loss, Isolation are measured. The experimental results 
are in close agreement with the theoretical predictions. A 35±1 
dB dual directional coupler has good application it can measure 
forward power and reflected power simultaneously in antenna 
application.
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I. Introduction
In today’s microwave measurements and measuring 
equipment, the dual directional coupler has become a virtually 
indispensable measurement tool. A dual directional coupler 
is a passive microwave device, comprises of two directional 
couplers connected back-to-back to monitor both forward 
and reflected power with minimal perturbation to the main 
line signal. Though it is well discussed with its basical form in 
waveguide and coaxial versions, these versions are very large 
in size, costly to construct and machining of these at higher 
frequencies is difficult. Designing the dual directional coupler 
on planar transmission line such as strip line is capable of 
reducing the size and cost. In this type of planar transmission 
lines the continuous coupling takes place between two lines 
close to each other. Realizing the dual directional coupler on 
strip line leads to less losses. Strip lines are modification of two 
wire lines and coaxial lines, they are widely used at frequencies 
from 100 MHz to 100 GHz. 

II. Realizing Dual Directional Coupler on Applied Wave 
Reasearch Design Enviornment (AWRDE)
A step-by-step advances and ability to design and fabricate 
circuits at higher frequencies have produced a technology for 
use of microwaves. To design this passive device the process 

is carried on Applied Wave Research Design Environment 
(AWRDE), it is a computer- aided design tool. The AWR Design 
Environment incorporating Microwave Office, Analog Office and 
Visual System Simulator is a powerful fully-integrated design 
and analysis tool for RF, microwave, millimeterwave, analog, 
and RFIC design. Microwave Office and Analog Office allows 
designing complex circuit designs composed of linear, nonlinear, 
and EM structures, and generating layout representations of 
these designs. It allows performing fast and accurate analysis 
of your designs using linear, nonlinear harmonic balance, 
nonlinear Volterra-series, electromagnetic (EM), and HSPICE 
simulation engines, and features real-time tuning and optimizing 
capabilities. Visual system simulator (VSS) is the system level 
design with VSS helps to analyze complex communication 
systems from data encoding through transmission, reception 
and data decoding.  In AWR Design Environment choosing the 
necessary stripline elements for this project such as Symmetric 
Edge Coupled Stripline (SCLIN), this circuit component models a 
section of coupled strip transmission lines residing in the same 
plane. These strips are assumed to reside on the centerline 
between the two ground planes and be of the same width. 
The model accounts for both conductive and dielectric loss 
and corrects for a finite strip thickness. This Symmetric Edge 
Coupled Stripline having parameters W (strip widths), S (gap 
between strips) and L (coupled line length), for Symmetric 
Edge Coupled Stripline setting parameters W as 1.61mm, S 
as 1.48mm and L as 26.8mm. Stripline Bend Optimally Mitered 
90 deg (SMITER), this circuit component models an optimally 
mitered 90o bend in the Stripline center conductor. This circuit 
component is modeled by a section of straight section of 
transmission line of characteristic impedance equal to that of 
a strip of width W, this element comes under the category of 
stripline discontinuities. Single Conductor Stripline (SLIN), this 
circuit component models a length of Stripline Transmission 
Line. The model assumes a TEM (Transverse Electric Magnetic) 
mode of propagation and incorporates the effects of dielectric 
and conductive losses. This Single Conductor Stripline having 
parameters W (Strip Width) and L (Strip Length), for Single 
Conductor Stripline setting parameters W as 1.22mm and L 
as 5mm. Balanced Stripline Substrate (SSUB), this substrate 
is backed by an infinite ground plane and a conducting cover is 
present over the substrate. This Balanced Stripline Substrate 
having parameters (Relative dielectric constant), B(Substrate 
thickness), T(Conductor thickness), Rho(Metal bulk resistivity 
normalized to copper), (Loss tangent of dielectric), for 
Balanced Stripline Substrate setting parameters  as 2.2, 
B as 1.56mm, T as 0.035mm, Rho as 1,  as 0.001 and 
Unbalanced Stripline Substrate (SSUB2), this unbalanced 
substrate is comprised of two stacked substrates made of 
the same material but having different height. A strip conductor 
is sandwiched between these substrates. This Unbalanced 
Stripline Substrate having parameters (Relative dielectric 
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constant), H1 (Substrate No1 thickness), H2 (Substrate No2 
thickness), T (Conductor thickness), Rho (Metal bulk resistivity 
normalized to copper), (Loss tangent of dielectric), Nom 
(Nominal relative dielectric constant), for Unbalanced Stripline 
Substrate setting parameters  as 2.2, H1 as 0.78mm, H2 as 
0.78mm, T as 0.035mm, Rho as 1,  as 0.001, Nom as 2.2. 
These are the necessary parameters for the stripline elements 
to create design. There are necessary design equations which 
have to be assigned as a parameters of stripline elements that 
are helpful for designing dual directional coupler. 
Calculating the coupling coefficient of a quarter wave section 
coupler it is given by

Calculating even -mode impedance of a coupler is given by

 Represents the characteristic impedance. For calculating 
of spacing between the coupled line is given by

Calculating width of the characteristics impedance line 

Where

W= width of each line
S = spacing between the lines
b= dielectric thickness

=dielectric constant
are the coupling factors

calculating the center frequency of the coupler

Where 

represents lower frequency
 represents upper frequency

III. Performing Electromagnetic Simulation
Performing simulation is to analyze the design by selecting AWR 
electromagnetic sight simulator. In electromagnetic structure 
packing stripline conductor is like putting an object into a 
custom fit box there is no air or excess room involved. Before 
drawing an EM structure, you must define an enclosure. The 
enclosure specifies things such as boundary conditions and 
dielectric materials for each layer of the structure. Defining 
enclosure properties such as X Dimension 58mm Y Dimension 
20mm, Grid X spacing and Grid Y spacing as 0.1mm. The 
bulk material properties define both dielectric and conductor 
material properties. In this project choosing RT Duriod 5880 
substrate, it is available in Laminates. These laminates 
normally consist of dielectric layer sandwiched between 
copper clad layer. RT Duriod 5880 is glass microfiber reinforced 
polytetrafluoroethylene (PTFE) composite are designed for 

exacting stripline and microstrip circuit applications. RT Duroid 
5880 are easily cut, sheared and machined to shape. They are 
resistant to all solvents and reagents, hot or cold, normally 
used  in etching printed circuits or in plating edges and holes. 
RT Duriod has good features such as Lowest electrical loss for 
reinforced PTFE material, Low moisture absorption, Isotropic, 
Uniform electrical properties over frequency, Excellent chemical 
resistance. RT Duriod 5880 is a registered trade mark of M/s 
Rogers, it is having some typical applications like Commercial 
Airline Telephones, Microstrip and Stripline Circuits, Millimeter 
Wave Applications, Military Radar Systems, Missile Guidance 
Systems, Point to Point Digital Radio Antennas. RT Duriod 5880 
substrate contains two important properties such as Dielectric 
constant ( ), loss tangent ( ), giving the values as 2.2 and 
0.001. The conductor material used is copper, having thickness 
of 1 ounce. In the fig.1 illustrates the layout for a dual directional 
coupler. This layout is a view of the physical representation 
of a circuit, in which each component of the schematic is 
assigned a layout cell. In the object-oriented AWRDE, layouts 
are tightly integrated with the schematics and EM structures 
that they represent, and are simply another view of the same 
circuits. Any modifications to a schematic or EM structure are 
automatically and instantly reflected in their corresponding 
layout. The layout of a dual directional coupler is shown in 
fig.1.The dual directional coupler comprises of six ports, it is 
a passive and reciprocal network. Representing each port of a 
dual directional coupler is given in the form of Table1.

Fig.1 : Layout Of A Dual Directional Coupler

Table1: Representing Each Port Of A Dual Directional Coupler 
In The Form of Table

INPUT COUPLED ISOLATION TROUGH

PORT 1
PORT 3
PORT 5

PORT 4
PORT 6

PORT 2

PORT 2
PORT 4
PORT 6

PORT 3
PORT 5

PORT 1

IV. Fabrication and Assembling of Stripline Dual 
Directional Coupler
To print circuit on substrate with the design data it is required 
to generate co-ordinates in the required format of DLRL. With 
the design data truncated to second decimal are taken and 
coordinates are generated in the required aristo format for the 
printed circuit. There are two types of MIC (Microwave Integrated 
Circuit) technology. They are thin film and thick film technology. 



IJECT Vol. 2, IssuE 4, oCT. - DEC. 2011 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g154  InternatIonal Journal of electronIcs & communIcatIon technology

In this project thin film technology is used, it finds application 
at higher frequencies and is very expensive. The circuit is 
fabricated using standard photolithographic technique. The 
layout of a dual directional coupler is shown in the fig.1 which 
has to be printed on RT Duroid 5880 substrate by the etching 
process. Etching is one of the photolithographic technique 
used in this project. In this process the soft metallization part 
of the circuit is removed by etching process done by spraying 
ferric chloride solution at high velocity. The hardened part of 
the circuit remains unaffected. The printed circuit cannot be 
tested directly. Mechanical ground plates are designed as 
per the circuit requirement. These ground plates are made by 
aluminum. The assembly of the circuit is done as follows, the 
printed card is cut according to the required dimensions and 
free holes are made at the appropriate places for placing the 
screws. A dummy card is prepared with same dimensions as the 
printed card. The dummy card should be of same thickness as 
the printed card. Now both cards are checked properly without 
having any burs. The printed card is placed on bottom plate 
and connectors are fixed properly at the required positions 
carefully. Dummy card is placed on the printed card and top 
plate is placed. Finally the screws are fixed properly, to connect 
circuit with ground planes and connectors.

V. Testing The Device with Spectrum Analyzer
In general, microwave components are characterized by 
scattering parameters, also called as S- parameters. The 
S-matrix representation of a multiport network is the most 
convenient and widely accepted representation.  The calibration 
procedure of the spectrum analyzer is as follows, switch on 
the spectrum analyzer. Once the RF is on, set the start and 
stop frequencies of 1-2GHz. Calibrate reflection by connecting 
standard short, and open and then store them in the memory. 
Calibrate transmission by connecting two ports and store it 
in memory. After calibrating the spectrum analyzer for the 
frequency range of interest, the device is connected between 
port 1 and port 2. Since there are two channels we can take 
graphs from four parameters such as , , , . 

VI. Measurement Procedure and Results

1. Return Loss           
Port1 of the spectrum analyzer is connected to input port and all 
other ports are terminated with 50  load. The minimum value                                                                                         
of return loss is noted. This is repeated for all other ports. 
The Experimental measurements of a dual directional coupler 
representing the return losses in the graphical form are shown 
in the fig.2(a).

2. Insertion Loss
Port 1 of the spectrum analyzer is connected to input port 
and port 2 of the spectrum analyzer is connected to direct 
or through port of a dual directional coupler. The remaining 
ports are terminated with 50  load. Then maximum value of 
insertion Loss is noted. The Experimental measurements of a 
dual directional coupler representing the insertion losses in 
the graphical form are shown in the fig.2(b).

3. Coupling
Port 1 of the spectrum analyzer is connected to input port and 
port 2 of the spectrum analyzer is connected to coupled port. 
The remaining ports are terminated   with 50  load. Then mean 

coupling is noted. The Experimental measurements of a dual 
directional coupler representing the coupling in the graphical 
form are shown in the fig.2(c).

4. Isolation
A common measure of isolation of a coupler is directivity. Port 
1 of the spectrum analyzer is connected to input port and port 
2 of the spectrum analyzer is connected to isolated port. The 
remaining ports are terminated with 50  load. The Experimental 
measurements of a dual directional coupler representing the 
isolation in the graphical form are shown in the fig.2(d).

Fig.2:(a) Return losses  

Fig.2:(b) Insertion losses

Fig. 2: (a) & (b) Experimental measurements of stripline dual 
directional coupler showing
a) Frequency vs return losses. 
b) Frequency vs insertion losses.



IJECT Vol. 2, IssuE 4, oCT. - DEC. 2011ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g  InternatIonal Journal of electronIcs & communIcatIon technology 155

Fig.2 :(c) Coupling

fig.2 :(d) Isolation

Fig. 2: (c) & (d) Experimental measurements of stripline dual 
directional coupler showing
c) Frequency vs coupling. 
d) Frequency vs isolation.

VII. Application of Dual Directional Coupler
RF Directional Couplers have a wide range of applications in 
RF front-end circuits. For example, in mobile communications 
handsets, compact RF directional couplers are employed to 
monitor the output power level produced by the transmitter 
power amplifier, and to monitor the power reflected by the 
antenna due to mismatch. This circuit application is used to 
ensure that the handset conforms with emission regulations 
and also provides a means to conserve battery life of the 
handset.
A block diagram of a conventional power monitoring circuit of 
an RF front-end circuit is shown in fig. 3. 

Fig.3 : RF Front-End Circuit With Power Monitoring Of Forward 
And Reflected Power Using A Dual- Directional Coupler

Dual directional couplers available are from audio frequencies 
to optical frequencies and everything in between. In general, 
they have a limited frequency range, although this may cover 
a considerable slice of spectrum. The circuit of fig. 3 provides 
bi-directional power monitoring. Fig. 3 shows a typical antenna 
system with the dual directional coupler connected between 
the feeder and the antenna. The system consists of a RF power 
amplifier at the front end of a dual directional coupler, which 
is necessary to generate some kind of signal at the frequency 
of interest to enable the measurement to take place; a feeder 
which is probably a coaxial cable, but might equally be any 
other kind of feeder such as twin feeder or a waveguide; a dual-
directional coupler that operates with the same characteristic 
impedance as the feeder, and finally, the antenna. There are two 
possible positions for the measurement plane in this system. 
In the microwave frequency region, power is considered to 
be in electric and magnetic fields, in fig. 1 when the forward 
power generated from the source is completely matched with 
the load there doesn’t exist any problem. If the forward power 
generated from the doesn’t match with the load there exists a 
standing waves, these standing waves travels towards RF power 
amplifier and  completely damages the system this said to be 
as a backward power. To avoid the damage for power amplifier 
an isolator has been connected in between RF power amplifier 
and port 1 of a dual directional coupler. The isolator protects 
the RF power amplifier without reaching the reflected energy. 

VIII. Conclusions
The Dual Directional Coupler has become a virtually 
indispensable measurement tool in the area of microwave 
engineering. Though it is well discussed with its basically 
form in waveguide version, state of art applications demands 
miniaturization of its size. The stripline version of the coupler 
reduces its size enormously. To improve directivity an effective 
technique is used. By arranging capacitive stubs on the coupled 
lines the directivity is improved, when capacitive stubs are not 
arranged the directivity is in between 20-30db. After arranging 
the capacitive stubs the directivity is improved from 50-60 dB. 
In this paper, design, fabrication of strip line version of a 35
1dB coupler is carried out using Photolithographic techniques 
outlined.
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