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Figure 4-2: Operational amplificr.

Table 4-1: Characteristics and typical ranges of op-amp parameters. The rightmost column represents the values assumed by the
ideal op-amp model.
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Figure 4-6: Equivalent circuit model for an op amp operating
in the linear range (vo < |Veel). Voltages vp, un, and v, are

referenced to ground.
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Op-Amp Characteristics

» Linear inpul-outpul response
« High input resistance

« Law output resistance

« Very high gain

Parameter

Open-loop gain A
Input resistance R

Output resistance Ry

Supply voltage Veo

10% 1o 108 (ViV)
10° 10105 @
1101002
51024V

Tdeal Op Amp_
£
0o Q

0%
As specified by manufacturer

é Alvp— 0g)

Vee=—10V

Figure 4-7: N

<— Negative feedback
(connecting output to
negative input terminal)

loninverting amplifier circuit of Example 4-1.
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Circuit Design
Ry 14KkQ
R, 8kQ
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R, 20kQ

(b) Block diagram

Figure 4-14: Two-stage circuit realization of vy = 4v) + 710
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4-7 Voltage Follower/Buffer

4-7.1 No Buffer

In electronic circuits, we ofien need 1o incorporate the
functionality of a relatively simple ¢but important) circuit that
serves 1o isolate the input source from varia

o unity gain amplifier. T
follower, let us irs examine the

wehich obviously is dependent on both &, and Ry, 50 i the load
resistance &y, changes, so will the output voltage v,

‘Source circuit

A
(b) Souree cireuit ;cp’.mlcd by a buffer

17: The voliage follower provides o voliage gain
but it inultes the input cireui fram the foud.

472 With Op-Amp Buffer

Tn contrast, when the op-amp vollage followerreuit nh\mn
in Fig. 4-170b) is inserted in hebween the

» When designing and building a multistage cireuit,
designers usually insert buffers between adjacent stiges,
which allows them 10 design cach stage separately and
then cascade them all together with buffers in between
them. «




Basic Rules of Op-Amp Circuits

(1) KCL and KVL always apply everywhere in the
circuit, but KCL is inapplicable at the output node
when applying the ideal op-amp model. All other
circuit-analysis tools can be applied to op-amp
circuits.

(2) The op amp will operate in the linear range so long
as [uo| < [Vl

(3

w

The ideal op-amp model assumes that the source
resistance Ry (connected to terminals v, or vy) is
much smaller than the op-amp input resistance R;
(which usually is no less than 10 M), and the load
resistance Ry, is much larger than the op-amp output
resistance R, (which is on the order of tens of ohms).

4.11  Determine the output voltage for the circuitin Fig. P4.11
and specify the linear range for v, given that Vi = 15V and
Vo =0.

Figure P4.11: Circuit for Problems 4.11 and 4.12.

4.12  Repeat Problem 4.11 for Vp = 0.1 V.

(4) The ideal op-amp constraints are i, = iy = 0 and
Up = Up-
200K
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*(b) If Ry, = 12k, choose Ry so that G; = —15.
Ry
) it
is :f Ry R

4.17 Delermine v, across the 10 k2 resistor in the circuil of
Fig. P4.17.

Figure P4.17: Circuit for Problem 4.17.

4.22  The circuit in Fig. P4.22 uses a potentiometer whose
total resistance is R = 10 k2 with the upper section being R
and the bottom section (1 — B) R. The stylus can change g from
010 0.9. Obtain an expression for G = v, /v, in lerms of 8 and
evaluate the range of G (as B is varied over its own allowable
range).
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4.23  For the circuit in Fig. P4.23, obtain an expression for
voltage gain G = v, /vs.
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Figure P4.23: Circuit for Problem 4.23.
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#4.24  Find the value of v, in the circuit in Fig. P4.24.

Figure P4.24: Circuit for Problem 4.24. 4w~
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