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ABSTRACT

In this paper, the design of five port structures using power dividers and hybrid coupler was done using Advance
Design Systems. Micro strip lines were used in the design procedure and the termination is done with 50 ohm resistance.
This methodology yields encouraging results in impedance matching, performance improvement and the scattering
parameter simulation has been done for the design and simulation results are obtained.
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1. INTRODUCTION

Communication systems should be designed to
accommodate technological advancements at every step of
the development and when the up gradation is done these
upgraded components are good enough to communicate
each other. The software defined radio was developed in
early 1990s to surpass these issues. SDR is a
reconfigurable communication device, where the
functionalities are defined in software. By moving the
radio functionality from hardware to software, promises to
change the economics of deploying the operating wireless
network.

In recent past, Wireless transceivers became very
prominent in communication arena. Major challenge in the
wireless system is inter operability. To communicate
between two separate standards is not possible with
traditional radio [2 and 4]. The design philosophy of the
RF front end subsystems has been the topic of interest for
researchers in the past and present with the evolution of
novel mechanisms in exploring their design. Low Noise
Amplifier design with High Electron Mobility Transistor
as the integral component [10] , Band Pass Filter and
Mixer designs were underwent various changes those
facilitate the thirst of the designer. Six port structures are
prominent in the recent past which are intended to
microwave as well as millimeter wave applications.

Down conversion becomes simplified by
avoiding IF stage and this is possible as the vector ratio of
input signals at two input ports can be measured using the
four output ports power readings SDR down conversion
[3, 11and 12].

Broad band software receiver is one of the
efficient architectures that are having ample number of
advantages over the successors. Basic difference in the
receivers exists in the number of stages sufficient enough
to convert RF signal to baseband signal. Direct conversion
consists of down conversion; whereas super heterodyne
receivers have two or more [5, 11].

2. PORT STRUCTURES

Port strcutures are very useful in the desing of
different types of architectures. These architectures are
versatile in nature in accordance with the need or

specification. For example, in RF front end subsystems
like LNA and Mixer in Software defined Radio , Sigma
delta architecture becomes vital [9 and 10].

The first six port receiver was proposed in 1994,
which is a direct digital receiver. In principle, the six port
consists of linear circuits with signal dividers and
combiners that are interconnected in such a way that four
different vectorial combinations of the reference signal
and signal to be receiver signal are obtained. In the recent
past six port technology is prominent in RF front end
systems. An incident wave vector ratio at two input ports
is calculated using the power values at output of four
ports. Because of this there is no need of down converting
the RF signal to IF [1, 12]. There is no direct path
existence between LO and RF ports of these structures.
The input signal at the port 1 is combined with the phase
shifted signal at port 2; here port 1 and port 2 are input
ports. Different phase shifts and attenuation exists between
the components because of that the two radio frequency
input signals generate different amplitudes and phases at
four output ports. The intensity of the four output signals
are detected using Schottky diode detectors. Five Port
Structure design has also become the topic of interest for
researchers because of the developments in the integrated
technologies like MMIC and SICL [8].

3. DESIGN OF MIXER USING FIVE PORT
STRUCTURE

The design of Mixer is crucial for RF front end
sub-system architecture and this becomes feasible with
variety of choices that a designer possess. Five Port
Structure design has also become the topic of interest for
researchers because of the developments in the integrated
technologies like MMIC. Five port reflectometers were
applied to demodulators and radars in 2004 by Fernando
Rangel de Sousa et al. A novel method was proposed for
calibration based on analytical approach which has laid
down new direction to impart adaptability into port
structure concept.

In this work an attempt is made successfully to
design five port structures for a particular range of
specifications, where a great degree of performance is
obtained when compared with their counterparts. In this
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the methodology adopted contains micro strip lines which
were designed and used to make these structures as
competent enough with the changing market needs.

Power dividers and Hybrid couplers are the key
components of a five port structure design. Particularly,
Wilkinson power divider is an essential component for
microwave and millimeter wave antenna arrays. This was
first introduced by Wilkinson in 1960 [6]. In order to
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develop five port junctions, the power divider and hybrid
coupler should be designed and synthesized effectively.
Port structure designs and evaluation [7] are performed at
5.8 GHz RF frequency. The design simulation process has
been carried out in a standard micro strip technology. The
simulation Environment provides great flexibility in
investigating the performance characteristics.

Figure-1. Five port structure design using hybrid coupler and power divider.

VSWR values return loss and mismatch loss
values of Figure-1 is helpful in concluding that five port
structure applied in full SDR flow is better in performance
for high frequency applications.

4. RESULTS AND DISCUSSIONS

This section represents the simulated results
obtained for the design in the Figure-1. VSWR values at
5.8 GHz are obtained for all the ports in the design
including input ports. Figures 2, 3, 4, 5 and 6 represents
the VSWR values at the respective ports.
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Figure-2. VSWR at the input port 1.
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Figure-3. VSWR at the input port 2.
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Figure-4. VSWR at the output port 3.
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Figure-5. VSWR at the output port 4.
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Figure-6. VSWR at the output port 5.

Table-1 represents the RL (return loss) and ML
(mismatch loss) at different output ports at 5.8 GHz for the
five port structure shown in the Figure-1. whereas, Figure-
7 represents the comparison of the RL and ML values for
the data of Table-1.

Table-1. Return loss and mismatch loss for the five port

structure at the output ports.

Port RL ML
number VSWR (Return (Mismatch
loss) loss)
3 6.718 2.61dB 3.46 dB
4 4.709 3.75dB 2.38dB
5 2.556 7.18dB 0.92dB

WRL (RETURN LOSS)

3

PORTS 1 5

WML (MISMATCH LOSS)

Figure-7. Comparison of return loss and mismatch loss at

the output ports.

5. CONCLUSIONS

The variation of the VSWR at the

input and

output ports were obtained and the return loss as well as
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mismatch loss was calculated at the output ports. In most
of the cases , it is observed that the return loss is more than
mismatch loss expressed in dB. These results are very
encouraging so that this design of five port structure will
serve as the efficient alternative for the mixer stage in the
RF front end receiver architectures. This also leads in
future works towards reduction of the MMIC area , there
by the cost of the production.
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