
EECS 16A
Spring 2023 - Profs. Muller & Waller

Lecture 9B – Op Amps & Negative Feedback



Toolbox
KVL:	Voltage	drops	around	a	loop	sum	to	0
KCL:	All	currents	coming	out	of	a	node	sum	to	0
𝑉 = 𝐼𝑅
𝑃 = 𝐼𝑉
Vsource(off)	à short
Isource(off)	à open

Measure	V	
with	open

Measure	I	
with	short

𝑅 =
𝜌𝐿
𝐴

RTh = VTh/IN

𝑅! ∥ 𝑅" =
𝑅!𝑅"
𝑅! + 𝑅"

C

𝐶 =
𝜖𝐴
𝑑

𝑄 = 𝐶𝑉

𝐼 = 𝐶
𝑑𝑉
𝑑𝑡



Last Time: Comparators!

Comparators compare two 
values (inputs):
U+ > U- à Uout = ”1” = VDD

U+ < U- à Uout = ”0” = VSS



New Elements with 2 Inputs and 2 Outputs



Comparator Model – converts analog to 1-bit digital!

Uout = 



From Last Lecture: How to Read Out Touch



If VDD = VSS we can simplify!

Operational Amplifier – Same Model! 
(Different circuit – optimized for analog output) 



I got an internship at Bose this summer!
First assignment: Design a circuit to play music – LOUD!

Music is stored as digital Music is analog!

Speaker takes 0 – 10 VNeed to convert digital to analog?



DAC: Digital to Analog Converter



Listen to Digital Music



Can We Connect the DAC Directly to a Speaker?

= 1000Ω

= 3.3 V 0 - 10 V

8ΩVspeaker
+

-

= 0 V



Need to Isolate DAC and Speaker!

= 1000Ω

= 3.3 V 0 - 10 V

8ΩVspeaker
+

-

= 0 V



Solve for Vspeaker

= 1000Ω
8ΩVspeaker

+

-



Setting a Reliable Gain with Negative Feedback!

Make small adjustments to correct the output
Basis of Control Theory
Used all the time in circuits!
What are some examples from daily life?



Setting a Reliable Gain with Negative Feedback!

𝑆#$%
𝑆&'

=
𝐴

1 + 𝐴𝑓
Describes the input-output relationship: 
The Transfer Function



Apply Negative Feedback to an Op Amp!



An Op Amp with Negative Feedback! 𝑆#$%
𝑆&'

=
𝐴

1 + 𝐴𝑓


