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Week 6 Agenda:
Operational Amplifiers

e Linear Effects
— Input and Output Impedances
— Finite Gain, Aoy,
— Gain—Bandwidth Product

e Nonlinear Effects
— Voltage Limit
— Current Limit

— Slew Rate

e DC Imperfections
— Bias and Offset Currents
— Offset Voltage

e Differential Amplifiers

Oct 2021 Chuck DiMarzio, Northeastern University 12425. .slides6r2—1



The Story so Far

e Assume Ideal Linear Operation
— v;qg = 0, v = v_ (Virtual short/virtual ground)
—iy =0andi_ =0
— Calculate vy, to make this happen

— Solve for any other variable

e Check Validity of Assumptions
— vo IS Between the Rails
— Currents and Voltages Are “Large Enough”

— More on that this Week
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Op—Amp Impedances

Ry — oo R_ — o0 Ry~ 0

Usually OK
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Impedances in a Circuit

Ry — o0 11 /1D
R_ — o0 A = _h2
R
Ro=~0 vo independent of Ry,
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Finite Gain Effects (1)

Aor
Virtual Ground Fails.

Oct 2021 Chuck DiMarzio,

_ Ry
v = Vi + (Vo — Vip) R1 + Ro
Vo . ‘ o R]_
Aor = Vi + (Vo — Vin) R1 + Ro
Vo Rq Ro
— — Vo — Uin
Ao, Ri1+ Ro R1 + R>

multiply by Apr (R1 + Rp)

—vo (R1 + B2 + Ao R1) = vinR2AoL

Yo _ RyAoL
Vin Ri+ Ry + Ao Ry
vo _ Ro Aor,

Uin Rq %+A0L+1
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Finite Gain Effects (2)

A . Dpen Loop Gain, dB

Wil
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Yo _R2 Aol
Vin R % + Ao + 1
Apg is unpredictable; Don't trust it. Keep Ry/R1 < Apy,
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Op—Amp Gain Spectrum

290 f

e Ap; Varies with
Frequency

Aoy, (0) is Maximum
foor, 1S Cutoff Frequency

Aor (fooL) = A'%Q(O)

Why Square Root of 27

—28¢B
Er=vs

10 degy
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Open—Loop Gain Spectrum

A2 (0) Aor (0)
App (f) =—9L IRy Aor (foor) = 3
1+ <f00L>
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Closed—Loop Gain Spectrum

A (f), Open-Loop Cir
W

7
10 10 10 10 10 10 10 10

Acrfocr, = AorLfoor Gain—Bandwidth Product
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Week 6 Agenda:
Operational Amplifiers

e Linear Effects
— Input and Output Impedances
— Finite Gain, Aoy,
— Gain—Bandwidth Product

e Nonlinear Effects
— Voltage Limit
— Current Limit

— Slew Rate

e DC Imperfections
— Bias and Offset Currents
— Offset Voltage

e Differential Amplifiers
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Voltage Limits
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Ideal Gain: —Ry/Rqy = -5

New Concept: Transfer Function (Plot of output vs. input)

Oct 2021
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Voltage Limits Example

Irwerting Amplifier; Transfer Characteristics
T

v, Output Yoltage, Yolts

ouT

+12—Volt Power Rails. Blue dash is ideal. Cyan solid is actual.
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Voltage on —Input
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Inverting Amplifier Saturation
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Virtual Ground Fails.
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Gain Saturation Example

Blue in, green out. 1V at 75Hz 5V at 750Hz
R>/R1 = 5000/1000, 4+ 12 V rails
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Current Limits

Irwerting Amplifier; Transfer Characteristics

v, Output Yoltage, Yolts

ouT

VIN’ Input Yoltage, Volts

X shows current limit, ez = 20mMA at v = imaz Ry, || Ro.
R; = 500%2, R = 5k
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Slew Rate Limit

Desired voltage, Aywv;, in Black varies too fast.

Result is Green.
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Week 6 Agenda:
Operational Amplifiers

e Linear Effects
— Input and Output Impedances
— Finite Gain, Aoy,
— Gain—Bandwidth Product

e Nonlinear Effects
— Voltage Limit
— Current Limit

— Slew Rate

e DC Imperfections
— Bias and Offset Currents
— Offset Voltage

e Differential Amplifiers
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DC Imperfections

Adjustment for Voffr Circuit design for currents.
Not needed for typical applications.
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Differential Amplifier
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vy affects current in vy source (try superposition)
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Good Differential Amplifier

Infinite input impedance. Low common—mode gain.
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A Little Review

e Circuit Concepts

e KCL, KVL

e Ohm’s Law, Resistivity, Resistance and Geometry
e Series and Parallel Combinations

e Node and Mesh Analysis

e Superposition

e \Wheatstone Bridge Circuit

e Op—Amps; Inverting, Non—inverting, Impedances, Limits
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