Chapter 3: Applications of Resistive

Circuits




Chapter 3: Outline

Ideal Source vs. Real Source

Power Transfer to the Load
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Amplifier Model

Op-Amps: Characteristics & Applications




Amplifier Models




Types of Amplifiers

e VCVS - Voltage amplifier
e CCCS - Current amplifier
e (VCCS, CCVY),...




Voltage Amplifier

Source Load
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(b) Transfer curve and typical waveforms




Voltage Amplifier
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Voltage Amplifier

so that A\/ » I
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Current Amplifier
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Example 3.4:

Cascade Voltage Amplifier

First stage

gkQ L
Ve

Q|

_ 8 (- 10) 1
8+ 24 1+ 24

o
I
Py
llo —
I
=
: S
ge
ol & +0
N
~
5 o
N
1]
LR
(@]
ge

P e — o — — — — — — ——— — — —

Vout 8 5 kQ

—_—_—— e —— —— — — — —_— —_— —_— —_— —_———

(- 10)——

1+5




Operational Amplifiers

(Op-Amps)




Amplifiers with very nice characteristics




Op-Amps

e Op-amps provide high-gain amplifications of the
difference between two Input voltages :Vg =V = Yy
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(a) Schematic diagram of an op-amp (h) Op-amp symbol
with two power supplies




Op-Amps
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Figure 1.2 A 14-lead DIP (dual in-line package). (a) Side view (b) Top view Offset null

Figure 1,3 Schematic of the wAT4l op amp.




Op-Amps
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(a) Op-amp transfer curve (b) llustrative waveforms




Op-Amps:. Linear Region
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Op-Amps. Saturation Region
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What is the equivalent circuit of an op-amp inthe
saturation region?




Op-Amps. Feedback Connection

e A stable op-amp requires negative feedback
connection.




Various Op-Amp Circuits

e Non-inverting voltage amplifier
e Voltage follower (buffer)

e |nverting voltage amplifier

e Inverting summing amplifier

e Difference amplifier

e Many more...




Non-inverting Voltage Amplifier
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Feedback factor B, loop gain AB, closed-loop gain A/(1+AB).




Non-inverting Voltage Amplifier
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(b) Simplified circuit model
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Non-inverting Voltage Amplifier

With aload and a real source
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Voltage Follower (Buffer)
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(a) Voltage follower
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(b) Buffer between source and load

No loading effects, Input resistance -« , Output resistance=0




|deal Op-Amps

e Ao (Infinite gain)
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Example 3.6:
A Non-inverting Current Amplifier
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Inverting Voltage Amplifier

Rp

(a) Diagram of an inverting
voltage amplifier
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(c) Equivalent circuit

R. = R P unity gain inverter




Inverting Voltage Amplifier
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To minimize loading effects, R,>>R_, or add a voltage follower




- Non-inverting voltage amplifier: loading effects
- Inverting voltage amplifier: loading effects




Inverting Summing Amplifier
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Example 3.7

Want to have: v_,(t) » 200v,(t) - 40v, (t)

Vo - 40((- 5V,) + V) =- 40(V, +V,)
A A
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Inverting amplifier  Inverting summing amplifier

o A4 5y, 1k 0 kQ

= vp, I\’ = vy, Vout = — 40 [(=bv,) + vp]
+




Example 3.8: Difference Amplifier
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Chapter 3. Problem Set

e 14 16, 20, 23, 25, 27, 29, 32, 36, 3/, 39, 40,
45, 48




