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Impedance Transformation is a ubiquitous concept used in almost all
applications of circuits. Especially in variety of fields including communication,
emerging wireless powering and high-frequency power conversion, impedance
transformation by reactance circuit, a lumped-element circuit with inductors and
capacitors, is a basic technique. This paper deals with such impedance
transformation oriented reactance circuits and shows that the performance of
reactance circuits has a visual representation based on non-Euclidean geometry.
By utilizing this visual representation, this paper also shows a new design method
to maximize the reactance circuits’ performance, as well as a new graphical chart
for the optimization.

In a conventional design of reactance circuits, Smith chart is used as a basic
tool. Smith chart visualizes the change of an impedance by insertion of reactive
elements as a path on a chart, and then such a circuitual problem that finding a
circuit topology is replaced by such a geometric problem that finding a path
connecting two points which correspond to original and transformed impedances.
This paper pushes on with this graphical representation, and shows that not only
topologies, but also the performance of reactive circuits is represented visually as
the length of a path measured by the Poincaré metric. It is shown that at least
following four (and possibly more) kinds of performance are proportionate to the
path length: Stored energy in the circuit; dissipative power loss measured in dB or
Np; sensitivity of the input impedance fluctuation to the small error of circuit
parameters such as inductance or capacitance; and to the small fluctuation of the
working frequency.

Besides the graphical representation, we also give a solution for the
minimization problem of the path length, namely maximization of the
performance of reactance circuits. Our solution is given based on two concepts, one
of which is the graphical representation, and the other is a novel local coordinate
system named rg-local coordinate system. Projecting the rg-local coordinate
system onto a plane, we obtain the rg-plane as an alternative of the Smith chart.
Then the path minimization is performed on the rg-plane instead of the Smith
chart. The benefit of the rg-plane is that reactance circuit is represented as a
combination of orthogonal line segment, so the calculation of path length gets
much easier than that on the Smith chart. The conditions for the shortest path is
clarified, and the way how to find a path satisfying the conditions is also given.




