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Characterization of Balanced Transmission
Line by Microwave Techniques

Paul D. Teal, Neil L. Scott, and Rodney G. Vaughan

Abstract— This paper presents a method of experimentally charac-
terizing a balanced transmission line using microwave techniques. An
unbalanced measurement instrument and the transmission line under
test must be connected by a balun, and the effect of the balun must be
removed from the measured data. Deembedding techniques are discussed
briefly, and several baluns are evaluated. Two methods of performing
the measurement are presented. The first uses a one-port measurement
where known loads are measured from the end of various lengths of
transmission line. The second uses two-port measurements with different
transmission-line lengths, and is more effective for measurement of line
loss. Experimental results are presented for 2-mm toughened plastic
sheath (TPS) “twin and earth” power cable for the range of 0.3-300 MHz.

Index Terms——‘ Balanced transmission line, balun, characteristic
impedance, power cable, propagation constant.

. I. INTRODUCTION

There is interest in modeling indoor domestic power distribution
as a medium for wide-band data transmission. In order to construct
a model, it is desirable to determine the characteristic impedance
(Zo) and the propagation constant (v = a + j3) of a typical power
distribution cable. The following techniques were used to determine
the transmission-line characteristics:

1) mathematical modeling;

2) one-port measurement with different loads at two different line

®  lengths; ,

3) two-port measurement with different line length through con-

" nections.
The two measurement techniques were developed to find properties
of the cable from measurements which include properties of both
the balun and cable. There is little information published on how
to perform this measurement ([1] describes a modal decomposition
technique, which requires a four- or eight-port test set).

A cross section of the cable tested is presented in Fig. 1. Also
presented are the three configurations in which connections were
made to the cable. The first two require a balun. The first configuration
(phase-neutral) is not truly balanced because of the asymmetry caused
by the earth conductor, but is treated as a balanced line.

I1. MATHEMATICAL MODELING

The transmission-line parameters Zp and v are readily calculated
[2] from the distributed parameters of the transmission line: resis-
tance, inductance, conductance, and capacitance, all per unit length.
For a balanced line of two circular condugtors, these can, in turn, be
calculated from the separation, radius, permeability, and conductivity
of the conductors, the permittivity, permeability, and conductivity of
the dielectric, and the frequency.

Where it was feasible to perform this calculation, there was close
agreement between the calculated values and those obtained by
measurement (see below). In some cases, however, applying such
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Fig. 1. The connection configurations. (a) Cable cross section. (b) Trans-
mission configurations.

calculations may be inadequate and measurement may be desirable.
Some of the factors requiring consideration are as follows.

1) The conductors of the toughened plastic sheath (TPS) are
stranded and twisted, hence, it is difficult to define their exact
radius and separation.

2) The geometry of the system is increased in complexity by the
presence of a third parallel conductor.

3) The geometry is also increased in complexity by the presence
of two different dielectric {polyvinyl chloride (PVC)} materials
as well as air. .

4) No accurate data was available for the conductivity of the two
different dielectric materials.

III. MEASUREMENT TECHNIQUES

When the cable is used as a balanced transmission line, a balun is
required to connect to the unbalanced coaxial cable of the network
analyzer. The connecting cables and balun(s) are here referred to
as the embedding network. The aim of the techniques presented is to
extract the properties of the cable from the measured data, which will
include the properties of the embedding network, as well as those of
the cable.

A. One-Port with Different Loads at Two Different Lengths

In this technique, three different loads are used to characterize
the embedding network. Two different loads on a longer length of
cable are then used to find the properties of the additional cable
length (see Fig. 2). The embedding network is modeled as a two-
port. Combining the equation for the reflection coefficient I'in of a
load, and the equation for this load as it appears when a load Z¢ is
connected to the remote side of a two-port network 3], we can obtain

Zip+Tig+r—-Z T\ =0 1)
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