Module 13:
Network Analysis and
Directional Couplers
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13.2 Network theory

 two port networks, S-parameters, Z-parameters, Y -parameters

The study of two port networksisimportant inthefield of electrical engineering because most
electric circuits and electronic modules have at least two ports, namey input and output termina
pairs. Two-port parameters describe a system in terms of the voltage and current that may be
measured at each port. A typica generalized two-port network isindicated in thefigure be ow.

V Linear Network Vv

Figurel. Genera linear network.

Herel, isthe current entering port 1, |, isthe current entering port 2, and V, and V, are voltages
that exist at ports 1 and 2, respectively.

- Y-parameters

If the network that exists between ports 1 and 2 is linear, and contains no independent
sources, then the principle of superposition may be applied to determine the currents |, and
[, interms of voltagesV, and V,

I, = YV + YRV,

I, = YV, + YV,

2 = TaVq



These may be written in matrix form as

I1
I2
Here the terms Y, Y., Y, and Y,, are known as admittance, or Y-parameters. It is
apparent form the matrix equation above that the parameter Y,, may be determined by

measuring |, and V, when V, is equa to zero (or more accurately when port 2 is short-
circuited)

Y.
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The remaining Y -parameters may be determined in a similar manner
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Y, = —
\Y
5 1V,=0
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Because the parameter Y, is an admittance which is measured at the input of a two-port
network when port 2 is short circuited, it is known as the short-circuit input admittance.
Likewise, the parameters Y ;, and Y ,, are known as short-circuit transfer admittances, and
Y ,, is the short-circuit output admittance. Itis evident that, using these relationships, the
properties of an unknown, linear two-port network can be completely specified by values
measured experimentally at ports 1 and 2.

Z-parameters

A similar set of relationships may be established in which the voltages at the input and
output of alinear two-port network are expressed in terms of theinput and output currents

V

1

I
N

V, = Z



which may be described in matrix form

\/
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It is apparent from this expression that the parameter Z,;, may be determined by open-
circuiting port 2 (letting | , equal zero)

V

_ 1

le I_
5 11;=0

Z. = V2

21~ I_
1 1,=0

Z, = V2
22 |_ )
5 11;=0

Theterm Z,, isknown as the open-circuit input impedance, Z,,, and Z,, are known as open-
circuit transfer impedances, and Z,, is the open-circuit output impedance.

S-parameters

The representations above are useful if voltage and current can easily be measured at the
input and output of the two-port network. Whileitis usudly possble to directly measure
both voltage and current in low frequency electric circuits, it is not always possible to do this
with high-frequency circuits or particularly with waveguides. In such cases it is often
necessary to determine impedances from measured standing wave ratios or reflection
coefficients. Itis thus convenient to describe unknown high-frequency networksin terms of
outgoing and incoming wave amplitudes, instead of voltages and currents. The figure below
represents alinear two-port network
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Figure 2. General scattering network.

where a;, and a, areincoming wave amplitudes, and b,, and b, are outgoing wave amplitudes.
These parameters represent the normalized incident and reflected voltage wave amplitudes.
For an n-port network they are

where Z_, isthe equivalent characteristic impedance at the n" terminal port. Thevoltageand
current at some reference plane within the network can thus be represented by

V, =V, +V, = /2@, +b)

and

- lw-v)y--L@-b).

on

n

on

Solving for a, and b, yields




The average power flowinginto the n™ terminal is given by
1 * 1 * * * *
(Pn)ave - ?Re(vnln) - ERe[(anan B bnbn) + (bnan - bn an) .

Theterm (aa, - b b,) is purely red, and the term (b a, - b,a.) is purely imaginary,
therefore

(P)ae = 5@ ~b,b;)

where (P ). = 1/2(a,a, ) representspower flow into theterminal, and (P,),.. = 1/2(a,a, )
represents the power reflected out of the termind.

Consider again the case of a network with two terminal ports. The principle of
superposition may be applied to represent the outgoing wavesin terms of alinear combination
of the incoming waves

b, = Sya + Spa,
b, = S,a + Sa,
which may be written in matrix form as

bl
b,

bl
b,

[ S
Su S

Theindividual scattering, or S-parameters are determined in away similar to those above.
The parameter S, istheratio of the outgoing wave amplitude at port 1 to theincoming wave
amplitude at port 1 when theincoming wave amplitude at port 2 is zero (or more correctly
when port 2 is match terminated)

bl

S, = a a2:0.

It is noted that the ratio of the outgoing wave amplitude at port 1 to the incoming wave
amplitude at port 1 issimply the reflection coefficient at port 1. Therefore S, isthereflection



amplitude at port 1 is simply the reflection coefficient at port 1. Therefore S,, is the
reflection coefficient at port 1 when port 2 is match terminated. The remaining S-
parameters are determined as follows

b1
S = —
az al=0
- b2
S21 -
a, la=0
s b
22
a2 dl=0
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