


Design Example: Design an inverting amplifier with a closed loop
voltage of A, = -5. Assume the op-amp is driven by a sinusoidal soorce, v,
= 0.1 sin @t volts, which has a source resistance of R, = 1 kQ and which
supply a maximum current of 5 uA. Assume that the frequency 1s low.

Vs

i¢ = ——(Ry 1n this example means two resistances : R = R| + R;-.
s

Vs
Rg +RI1

R, represents the source resistance. Thereforeiy =

If iy (max)=54A, then we write Ry (min) + Rg; = Vs (max) = 0.1 =20kQ

ig(max) 551076

~Ry .
Rgp + R |

Accordingly Ry =5(Rg + Ry) =5x20 =100 kQ

Ry should be19kQ and 4,, =




To Solve Ideal Op-Amp Circuit

If the noninverting terminal of the op-amp 1s at ground potential, then
the inverting terminal is at virtual ground. Sum currents at this point,
assuming zero current enters the op-amp itself.

If the noninverting terminal of the op-amp is not at ground potential,
then the inverting terminal voltage is equal to that at the noninverting
terminal. Sum currents at the inverting terminal node, assuming zero
current enters the op-amp itself.

For an ideal op-amp circuit, the output voltage 1s determined from
either step 1 or step 2 above and 1s independent of any load connected
to the output terminal.



Amplifier with a T-Network

Vo

| R
vy =0—=ipRy =—vg (R—f

Vx VYx _Vx Vo
Ry Ry R3
Combing the above equations we get
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Design Example: An op-amp with a T-network is to be used as a preamplifier for a
microphone. The maximum microphone output voltage is 12 mV (rms) and the
microphone has an output resistance of 1 kQ. The op-amp circuit is to be designed
such that the maximum output voltage 1s 1.2 V (rms). The input amplifier resistance
should be fairly large but all resistance values should be less than 500 kQ.

1.2
= =100
4] 0.012
R R R
4y = 2 (1+ 3)
Ry Ra Ry
R
If we choose —= R2 i 8
R1 R
R3

—100 = -8(1+ ) &;
Ry Ry

We should include the value of the source resistance in the calculation

If we set R] =49 kQ and Ry =1kQ then the total resistance (R] effective) Will be 50 k2

Ry = R3 =400kQand R4 =38.1kQ

=10.5



A Single Difference or Differential Amplifier

Copyright ©@ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

R, R;
vout :_(VZ _vl) 4/\/\/\/\/7
R, ~
%)
R)
Vout = R_V]d
1 i
R
Ad — —2 Vout
Ry
O —




V1

Instrumentation Amplifier

Instrumentation amplifier
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Design Example: Determine the range required for resistor R, in the
instrumentation amplifier to realize a differential gain adjustable from 5 to
500. Assume R.= 2R, so that the difference amplifier gain 1s 2.

« Assume R, is a combination of a fixed resistor R,; and a variable resistor R,..
Assume R, = 100 kQ

R 2R
AV _ vOMf — F 1_|_ 2 le
V1 — V2 R Ry
2Ry .. : : .
500=2 1+ and the minimum differential gain is Rlv
Ry f
2Ry . : :
5=2| 1+ and from the maximum gain expression
R; f+ 100
2Ry =249R 7

2Ry 249R1f
Ry r +100 Ry r +100
le =0.606 kQ and Ry =75.5kQ

1.5




Large Signal Operation of Op Amp

Like other amplifiers, op amps operate linearly over a limited range of
output voltages.

Another limitation of the operation of op amps 1s that their output current
1s limited to a specified maximum. For example, the op amp 741 is
specified to have a maximum output current of £20 mA.

Read Example 2.5.

Another phenomenon that can cause nonlinear distortion when large
output signals are present is that of slew-rate limiting. This means there 1s
a specific maximum 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 and is
defined as p
SR = “Yo.

at | max



Design Example. Design a difference amplifier with a
specified gain and minimum differential input resistance.
Design the circuit such that the differential gain 1s 30 and the
minimum differential input resistance 1s R, = 50 kQ

R; =2Ry =50kQ

R = R3=25kQ

R2
R
we must have Ry = Rg =750 kQ

Since the differential gain 1s — = 30,
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DC Impertfections
Offset Voltage

* The IC Op-amp comes so close to 1deal performance that it 1s
useful to state the characteristics of an ideal amplifier without
regard to what 1s inside the package.

— Infinite voltage gain

— Infinite input impedance
— Zero output impedance
— Infinite bandwidth

— Zero put offset voltage (exactly zero out 1f zero 1n).
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Build any op amp circuit, apply zero voltage to its input, and
what do you expect at the output?

Although you would zero voltage, there 1s actually an error
voltage present at its output.

What causes this error? You can trace the error back to a
number of unbalances in the op amp's internal transistors and
resistors. To account for this in a circuit design, the net error 1s
modeled as an offset voltage, V¢, 1n series with op amp's
input terminals.

How will 1t affect the circuit? That depends on the op amp
itself and the circuit design.
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The mput offset voltage can range from UV to mV and can be
either polarity.

Bipolar op amps have lower offset voltages than JFET or
CMOS types.

The offset voltage 1s modeled in series with one of the op amp
input terminals. Which one?

Although the net effect 1s the same at either input, 1t 1s much
easier to analyze V4 1n series with the non-inverting input.
Why? The resulting circuit with V¢ at V+ looks just like the
non-inverting amplifier configuration.
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The input v

LR

oltage signal is short circuited

Actual op amp

V

o

Ry

V, =V (1+—

Offset free op amp

R,
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In many SPiegtonOlia8E (OmPENsation | . input

signal 1s large compared to the offset voltage V', the effect of
the offset voltage 1s negligible.

However, there are situations in which 1t is necessary to
compensate for or null out the offset voltage.

Two such methods are:

— Offset null terminals: Some op amp are provided with two additional
terminals to which a specified circuit can be connected to trim to zero
the output DC voltage due to V.

— Offset compensation circuit through two terminals.

— Capacitively coupling the amplifier.
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V+

Offset nulling —— Potentiometer

terminals

V-

v

The output DC offset voltage of an op amp can be trimmed to zero by
Connecting a potentiometer to the two offset-nulling terminals. The wiper
Of the potentiometer is connected to the negative supply of the op am.
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Capacitively coupled inverting amplifier.
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Exercise 2.24: Consider an inverting amplifier with a nominal gain of 1000 constructed
from an op amp with an input offset voltage of 3 mV and with output saturation levels
of £10 V. (a) What is the peak sine-wave input signal that can be applied without output
clipping? (b) If the effect of V) 1s nulled at room temperature (25 0oC) how large an
input can now one apply if: (i) the circuit is to operate at a constant temperature? (ii) the
circuit is to operate at a temperature in the range 0°C to 75 °C and the temperature
coefficient of V¢ is 10 pV/°C?

R

R

Maximum amplitude of a sine wave at the op amp outputis10-3="7V.
(b) For part (1) =10 mV

V, =Vos(l+==); V, =3mV(1+1000) =3V

(b) For part (ii) : Temperature range of 0° C to 75° C corresponds to input offset
voltage range of (0-25)x104V =-250uV to ((75-25)x10uV =500uV.
This input offset range corresponds to output DC levels of
-250uV(14+1000) =-0.25V to 500 1V (1+1000) =0.5 V.
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Exercise 2.25: Consider an inverting amplifier with a nominal gain of 1000
constructed from an op amp with an input offset voltage of 3 mV and with
output saturation levels of £10 V. The amplifier is capacitively coupled. (a)
What is the DC offset voltage at the output and what is the peak sine wave
signal that can be applied at the input without output clipping? Is there a need
for offset trimming? (b) If R, = 1 kQ and R, = 1 MQ, Find the value of C that
will ensure that the gain will be greater than 57 dB down to 100 Hz.

The maximum amplitude of a sine wave at the output without clipping is
10-0.3mV =9.997 V, accordingly there is no need for offset trimming.

. : . . R R2
(b) The magnitude of the gain of this amplifieris |Ad| = 2 =

1 , 1

C @
20log|4,|)57;

R2

1
R? +
B

A4)707.95;

Y707.95;C =1.59 uFF
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One of RAB-AMB INpHE DASEL CUBREeRL. (it bias

currents for the two mputs may be slightly different.

Even though the mputs are designed to be symmetrical, slight
differences which occur in the manufacturing process may
give slightly different bias currents.

This offset current 1s typically on the order of a tenth of the
input bias current, with 10 nA being a representative offset
current for a 741 op amp.

Even with 1dentical source impedances, this offset current will
produce a slight voltage between the input terminals, contrary
to the 1deal op amp.
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IB1' IBZR3/R1

V,

(0]

I +1p;

2
A resistor may be added in series with the I)g = ‘]Bl _ 132‘
Non-inverting input lead to reduce the value of

The output dc voltage due to input bias currents |/ =1, R, = [z R, (no R3)

>R +R, 21
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To minimize the effect of the input bias currents one should place in
the positive lead a resistance equal to the DC resistance seen by the
inverting terminal.

If the amplifier is AC coupled, we should select R, = R,.

We must always provide a DC path between each of the input
terminals of the op amp and ground. If we couple both input of the
amplifier then the circuit will not operate without the resistance R; to
ground.
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2.26: Consider an inverting circuit designed using an op amp and two
resistors, R, = 10 k€2 and R, = 1 MQ. If the op amp 1s specified to have an
input bias current of 100 nA and an input offset current of 10 nA, find the

output DC offset voltage resulting and the value of resistor R, to be placed in
series with the positive input lead 1n order to minimize the output offset
voltage. What 1s the new value of Vo.

Vo =1gRy =100 nAx1MQ = 0.1V

R1R
R3 = 1442
R1+ Ry

Vo =10os§R>) =10nAx99kA~=0.01V

=9.9kQ =10 kQ2
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