The Scattering Matrix

At “low” frequencies, we can completely characterize a linear

device or network using an impedance matrix, which relates the
currents and voltages at each device terminal to the currents

and voltages at all other terminals.

But, at microwave frequencies, it

is difficult to measure total
currents and voltages!

* Instead, we can measure the magnitude and phase of
each of the two transmission line waves V" (z) and V' (Z).

* 1In other words, we can determine the relationship
between the incident and reflected wave at each device
terminal to the incident and reflected waves at all other
terminals.

These relationships are completely represented by the
scattering matrix. It completely describes the behavior of a
linear, multi-port device at a given frequency @, and a given line
impedance Z,



Consider now the 4-port microwave device shown below:

microwave
device

Note that we have now characterized transmission line activity
in terms of incident and "reflected” waves. Note the negative

going “reflected” waves can be viewed as the waves exiting the
multi-port network or device.

- Viewing transmission line activity this way, we can fully
characterize a multi-port device by its scattering parameters!



Say there exists an incident wave on port 1 (i.e., {" (z,)=0),

while the incident waves on all other ports are known to be zero
(ie., U (2,)=W’ {33 )=V (z,) = 0).

p;i*{%} port 1

« Say we measure/determine the

voltage of the wave flowing into
port 1, at the port 1 plane (i.e.,
determine V" (z, = z,,)).

port 2

Say we then measure/determine
the voltage of the wave flowing

out of port 2, at the port 2
plane (i.e., determine

v, (fe = Z5p ))

The complex ratio between V" (z, = z,,) and V, (2, = z,,) is know
as the scattering parameter 5;;:
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Likewise, the scattering parameters 5;3; and 54 are:
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