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Large Signal Operation of Op-Amp and Second Order
Effects
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Large-Signal Operation of Op Amps

Output Voltage Saturation:

Jdop amps operate linearly over a limited range of
output voltages.

Output Current Limits:

JAnother limitation on the operation of op amps is that their output
current is limited to a specified maximum.

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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Slew-Rate

dimplicit in the frequency response analysis for the closed-loop
amplifier is the assumption that the sinusoidal input signals are
small.

 If a large sinusoidal signal or step function is applied to an op-
amp circuit, the input stage can be overdriven and the small-signal
model will no longer apply.

(ANonlinear distortion when large output signals are present is
slew-rate limiting.

dMaximum rate of change possible at the output of a real op amp,
this maximum is known as the slew rate (SR) of the op amp.

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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Finite Open Loop Gain (Inverting Amplifier)
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition




Finite Open Loop Gain (Non-Inverting Amplifier)
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition




Inverting Amplifier Closed-Loop Input Resistance
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition




Non-Inverting Amplifier Closed-Loop Input
Resistance
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition




Nonzero Output Resistance

dThe ideal op-amp has a zero output W
resistance, the output voltage is .
independent of the load impedance. The - \ Ry
op-amp acts as an ideal voltage source and “ E
there is no loading effect.
JAn actual op-amp circuit has a nonzero
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output resistance, which means that the

output voltage, and therefore the closed- 1 _ 1| A
loop gain, is a function of the load R R, 1+||:‘:\Z2
impedance. -

Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition

P WFTEL OWLIME
e S NLICACEE CERTIICATION ICOURSE



Frequency Response
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition




Gain Bandwidth Product
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition




Offset Voltage
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dThe output dc offset voltage is the
measured open-loop output voltage when the
input voltage is zero.

dThe input dc offset voltage is defined as the
J___>_Q input differential voltage that must be applied
U o  tothe open-loop op-amp to produce a zero

Vs i output voltage.
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition
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Offset Voltage Compensation

Two Methods:

a) An externally connected offset compensation
network.

b) An operational amplifier with offset-null terminals.
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition




Input Bias Current

‘,Hl
—
Ve
—_— - FFF +
— .
Ipy L~
If the input stage is
et e Nl symmetrical, with all
I B 2 I oS I B1 I B2 .
corresponding elements matched,

then IB1 = IB2.

Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition
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Bias Current Compensation

dThe effect of bias currents in op-amp circuits can be minimized
with a simple compensation technique.
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen, Fourth edition




Recapitulation

(JOp-amp slewing can result in nonlinear distortion of output signal
waveformes.

dCapacitive coupling, an op amp reduces the dc offset voltage at the
output considerably.

dThe effect of Vs on performance can be evaluated by including in
the analysis a dc source V. in series with the op-amp positive input
lead.

 The input offset voltage, V , is the magnitude of dc voltage that
when applied between the op amp input terminals, with appropriate
polarity, reduces the dc offset voltage at the output to zero.
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