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Module 2
Lecture 10
Negative Feedback
(Note 18)




Last Class...
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Digital to Analog Converter - DAC
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Digital to Analog Converter - DAC
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Negative Feedback
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« Making small adjustments to correct output
on the fly

» Basis of control theory
* Many examples in daily life:
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Negative Feedback
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Need to isolate the DAC from speaker — OP-Amp with NFg
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Op-Amp in negative feedback ..
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Golden Rules of Op-Amps ~ for our design we wan A=3
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Let’'s go back to playing music
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Today

Voltage Divider Voltage Summer Unity Gain Buffer
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Checking for Negative Feedback (Determng the peloniy o NFg)

Step 1 — Zero out all independent sources : replacmg voltage sources with wires and current sources with

open circuits as in superposition Lﬁj‘;ﬁ—"

Step 2 — Wiggle the output and check the loop — to check how the feedback loop responds to a change
- if the error signal decreases, the output must also decrease. The circuit is in negative feedback
if the error signal increases, the output must also increase. The circuit is in positive feedback

vV
R> Q:, 5’\'6 2:
4/\/\-/\/_1,2_‘ - AFPl‘I d\s‘&urkm\cc.
U; \nercases
R, I U U3 /Q\> Va i nereases (V7)
1’ . : ' Us de
u —— > — t 3 decreases

V*C,\) N i3 -

5 »

- "’«ml j‘_"

— - "

; ) / ATV RN

(when V7 increase

No\u \e‘)fs 30\\)3. \* A (U*-V) decrcades)




- v, + 3,

NFp = OR# 2 opplies
OV = U~

\lw\— W = AR,

—

\]O\M’ \)3 - T Ra

1\* —S.z. =R

U5= \]o\r"
U =0 &C\‘ch'r\— n NFQ D GR#2 Oue?\'los Vr=\U" \‘]\'V\, X \)0\)‘\' = 0
Lw\):.:\_)' We Kpow Ut =0 =D VU7=0 R, Rz
@ V™= Va =D Uz2=0 )
E\CN\QY\‘\ DC%‘-“\*\onsf ®&\<O \...‘ 0 LG—Qﬁ”) \)0\)‘\' = RL : \j \)_ﬂ\—j
\"R\= -S‘\-R\ l A%
\)p.,,z TR, \ ‘&\*X": \)Q\)\— = __Ql ,‘Q\y\
\)\IOHOUK% Dr;; JRTRRYS Z Tnvectn ,\ \‘ 1,y
\7;;7,-: \33 VL = Va= Vo \ AMF\‘ S\Q‘ PN Q\r\' = 'iBﬁ
\,W\ R



A faster way...
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Example circuit 2 (trans-resistance amplifier)
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Artificial Neuron \
( Ener E&6ici ey\"' Nevral Networ ks) — YCS W€ can |
* Neurons in our braif Are interconnected.
» The output of a single-neuron is dependent on inputs from several other neurons.
« This idea is represented with vector-vector multiplication — the output is a linear combination of several inputs.
* An artificial neuron circuit must perform addition and multiplication.
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Artificial Neuron

* Neurons in our brain are interconnected.

« The output of a single-neuron is dependent on inputs from several other neurons.
« This idea is represented with vector-vector multiplication — the output is a linear combination of several inputs.
* An artificial neuron circuit must perform addition and multiplication.
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Unity Gain Buffer Spocker  Desigqn
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