Two-Port Networks
(I&N Chap 16.1-6)
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Single-Port Circuit

A

A “port” refers to a pair of terminals o
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through which a single current flows and i
across which there is a single voltage. network

{
O
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Externally, either voltage or current could be independently
specified while the other quantity would be computed. The
Thevenin equivalent permits a simple model of the linear

network, regardless of the number of components in the
network.
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Two-Port
A two-port network requires two terminal pairs (total 4
terminals). Amongst the two voltages and two currents shown,
generally two can be independently specified (externally).
How many distinct pairs of independent quantities are

possible? <% - (‘i\_ . o« T4 ¢
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By convention, regard Port 1 as the input and Port 2 as the

iInput (and use the polarity labels shown). We consider circuits
with no internal independent sources.
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Motivating Examples

We've seen two-ports before.
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Admittance Parameters
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Impedance Parameters
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Example
Find the two-port admittance and impedance parameters.
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Hybrid Parameters
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Transistor Hybrid Parameters

The “small signal” analysis (DC analysis of quiescent point is
separate) of BJTs often utilises hybrid parameters.
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Transmission Parameters

Linear
Vi network

= [al=12 DI

v
? \Q\\:> 1\:§\'Lf' qt>.i>"L

——o0 '&_\-:C.\(L-’?é‘,_'b

Transmission parameters are useful for cascaded networks.
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Parameter Conversions

TABLE 16.1 Two-port parameter conversion formulas
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Other 2-Port Interconnections
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I&N Examples 16.5 & 16.6

]2 o)

For the circuit shown, use the interconnected f®lra K
and series networks below to find, respectivelg, th To % 20

circuit admittance and impedance parameters.
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I&N Example 16.3
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Find the hybrid parameters for the circuit using tion-ideal op-amp model.
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&N Example 16.9

Analyse the effect of loaR, on the gain and gain
error using a non-ideal op-amp model (As20000,
R=1 MQ, R=500Q, R;=1 kQ andR,=49 kQ).
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|&N Example 16.10

Using the op-amp circuit from example 16.9 but
using a different value fdR,, compare the single-
stage vs two-stage amplifier to achieve a gain of v R RE v
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Equivalent Circuits from [z]

A reciprocal network with known Vil 1211 Z121[L4
Impedance parameters can be Vol ™ [ ] I,
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Z21 222
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Summary

« A two-port network has an input port and an oufput, each with
each port involving a single current and a singitkage.

o If the two-port network is linear and does nottaamany independent
sources, it may be possible to characterize updifférent sets of
matrix relationships. We discussed four: admittggtampedance [z],
hybrid [h], and transmission [T]. If the parametexsst, they can be
calculated or measured individually by short-citicigy or open-
circuiting the appropriate port.

» A two-port network is reciprocal if y=Y,,, 2,~2,,, h,o=-h,,. If the
linear network only contains passive elements, ieciprocal.

 When two-port networks are connected (a) in setiesr impedance
parameters add; (b) in parallel, their admittarem@ameters add; and (c)
In cascade, their transmission parameters multiply.
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