
ECSE 210: Circuit AnalysisECSE 210: Circuit Analysis
Lecture #30: 

Two-Port Networks



Two-Port Impedance Parameters

Commonly referred to as the Z-parameters.
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Note the voltage polarities, and current directions.
Using the principle of superposition we get:

2121111 IIV zz +=

2221212 IIV zz +=



Z-Parameters

Two equations describe two-port operation.
zij are complex constants of proportionality with units of 
Ohms (Ω).
Once z11 , z12 , z21 , z22 are known, the input/output 
operation of the two-port network is completely defined.
zij are the impedance parameters or Z-parameters.
The Z-parameter matrix is:
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Z-Parameters
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Z-Parameters vs. Y-Parameters
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Example

Z-parameters can be found “experimentally”. 
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Example
Open circuit port 2:
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Open circuit port 1: 
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Example 2
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Find the current through the 4Ω resistor.

22 )4( IV Ω−=
Boundary conditions
due to terminations.



Example 2

Z-parameter equations:
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Boundary conditions:
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(Eliminates V1 and V2)



Example 3
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Find the impedance (Z) parameters of the circuit below:
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Open-circuit port 1 (cont’d):
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Two-Port Hybrid Parameters

Commonly referred to as the H-parameters.
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Note the voltage polarities and current directions.
Using the principle of superposition we get:

2121111 VIV hh +=

2221212 VII hh +=



H-Parameters

Two equations describe two-port operation.
hij are complex constants of proportionality with units of 
Ohms (Ω), Siemens (S) or no units.
Common in transistor models.
Once h11 , h12 , h21 , h22 are known, the input/output 
operation of the two-port network is completely defined.
hij are the hybrid parameters or H-parameters.
The H-parameter matrix is:
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Inverse Hybrid Parameters
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Hybrid/Inverse Hybrid Parameters

How to find Hybrid/Inverse Hybrid parameters.

Given hybrid parameters, calculate the inverse 
hybrid parameters by taking the inverse of the 
matrix and vice versa.

or

Calculate parameters directly using open/short 
circuit tests.
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Calculate the input impedance



Example

2121111 VIV hh +=

2221212 VII hh +=
Hybrid parameters equations
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Two-Port Transmission Parameters

Commonly referred to as the ABCD-parameters.
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Note the voltage polarities and current directions.
Using the principle of superposition we get:

221 IVV BA −=

221 IVI DC −=



ABCD- Parameters

Two equations describe two-port operation.
A, B, C and D are complex constants of proportionality 
with units of Ohms (Ω), Siemens (S), or no units.
Common in transmission line models.
Once A, B, C and D are known, the input/output operation 
of the two-port network is completely defined.
The transmission parameter matrix is:
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