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Introduction to Circuits for ECE

Lecture 15

Input and Output Resistance,
Differential and Common Mode Signals 

and Op-Amp Non-Idealities
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Announcements

• Recommended Reading:
– Textbook Chapter 5

• Upcoming due dates:
– Lab report 2 due by 11:59 pm on Wednesday 27, 2019
– Prelab 3 due by 12:20 pm on Tuesday March 5, 2019
– Homework 3 due by 11:59 pm on Friday March 8, 2019
– Lab report 3 due by 11:59 pm on Friday March 15, 2019

• Lab 3 is next week (starting Tuesday March 5, 2019)
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Input Resistance of Inverting Amplifier
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Output Resistance of Inverting Amplifier
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Two-Port Model of Inverting Amplifier
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Loading Effect
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Cascaded Op-Amp Circuits
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Differential Amplifier
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Differential Mode and Common Mode Signals

𝑣01 = 𝑣/ − 𝑣.

Differential mode signal

Common mode signal

𝑣3

R45645

Load

𝑖89:;

𝑣/ 𝑣.
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Differential Mode and Common Mode Gain
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Common Mode Rejection Ratio
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Op-Amp Non-Idealities
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Ideal Op-Amp 

Real Op-Amp 

−V36 + V16 ≤ 𝑣)*+ ≤ V3P − V1P
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Op-Amp Bandwidth
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