Operational Amplifier
Characteristics

o IDEAL OP AMP: responds well to both ac as well as dc
signal
Practical OP amp: has some dc voltage even when both
inputs are grounded
under AC conditions the characteristic are frequency
dependent

DC CHARACTERISTICS

n ideal op-amp draws no current from the source and its response
s also independent of temperature.
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These non-ideal dc characteristigs that add error
components to the dc output voltage are:
Input bias current
Input offset current
Input offset voltage

Thermal drift.
» Input bias current
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Fig. 3.1 (a) Input bias currents (b) inverting ampiifier with bias currents
In + Ig
So, Iy = _H;'_ﬂ. (3.1)

For 741, a bipolar op-amp, the bias current is 500 nA or less. The
FET input op-amp will have bias currents as low as 50 pA at room
temperature.
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Consider the basic inverting amplifier of Fig. 3.1 (b). If input voltage
V; is set to zero volt, the output voltage V, should also be zero volt.
Instead, we find that the output voltage s offset by,

= ()& (3.2)

For a 741 op-amp, with a 1 MQ feedback resistor,
V, =500 nA x I MQ = 500 mV

The output is driven to 500 mV with zero input because of the bias

currents. In applications where signal levels are measured in millivolts,
this is totally unacceptable.

~in Fig. 3.1 (c) where a compensation resistor Reyp has been
nddad between the noninverting input terminal and ground
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Fig. 3.1 (c) Bias current compensation

in Fig. 3.1 (¢) where a compensation resistor R.omp has been
added between the noninverting input terminal and ground. Current
Iy flowing through the compensating resistor R, develops a voltage
V, across it. Then, by KVL, we get,
-Vi+0+V, -V, =0
or V.=V, -V (3.3)
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By selecting proper value of R, V; can be cancelled with V, and
the output V,, will be zero. The value of R, is derived as

Vl = IERmp

or B = —VL (3.4)

R ooy

The node 'a’ is at voltage (- V}), because the voltage at the non-
inverting input terminal is (- V)). So, with V, = 0, we get,

= -l (3.9)

Also, = -2 (3.6)
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For compensation, V, should be zero for V| = 0, that is, from
Eq. (33) V, = V,

So that, I, = A4 (3.7)
Ry
KCL at node ‘a’ gives,
- V, V (R, + R;)
I =L +1 =-4 L=y, { 8
B . 1 R[+R1 1 RIRr {3 }

Assuming Iy = Iz and using Egs. (3.4) and (3.8) we get,

V, (By+By) _ V)
Rl Rl‘ Rmp
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R\R
l

=R, || R, (3.9)

Input Offset Current

Bias current compensation will work if both bma currents I3 and I

are equal.
Since the input transistors cannot be made identical, there

will always be some small difference between Iy and Iy, This
difference is called the offset current I, and can be written as

| Ins| = Ig—1Ig (3.10)
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Offset current I, for BJT op-amp is 200 nA and that fur FET op:
amp 18 10 pA. -

Kven with bias current compensation, offset current
will produce an output voltage when the input voltage V, is zero.

Referring to Fig. 3.1 (¢),
Vi= I - (3.11)

and I = L (3.19)
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KCL at node ‘a’ gives,

R
L=(I -1)= I3 -(1,; ;““") (3.13)
1
Again
Vo = Iin - Vl
" I2Rf o | E Rmmp
- + RNI'-'IIP +
=|I5-1} R Ry - Ig Ry (3.14)
1
Substituting Eq. (3.9) and after algebraic manipulation,
V, = Rl - I}) (3.15)
So, V, =R, (3.16)

So even with bias current compensation and with the feedback
resistor of 1 MQ, a 741 BJT op-amp has an output offset voltage

V, = 1 MQ %-200nA-5 200 mV
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[t can be seen from Eq. (3.16) that the effect
of offset cumnt can be minimized by keeping feedback resistance
small. Unfortunately, to obtain high input impedance, R, must be
kept large. With R, large, the feedback resistor R; must also be high
s0 as to obtain reasonable gain.
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By T to n conversion,

2
R, = %& (3.17)

To design a T-network, first pick

R << L (3.18)
R?
Then calculate R. - ﬁ {319‘)

Design an inverting amplifier of the type shown in Fig.-3.1 (d) using
741 op-amp to get a gain of — 10 and an input impedance of 10 MQ.
That is, calculate R,, R, and R,.

Solution
In Fig. 3.1 (d), to set input impedance R, = 10 M1, pick R, = 10 MQ

Siﬂl:ﬂ, AC'L - —-%IL
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Therefore Ry = Ao R, = (10) (10 M Q) = 100 MQ
Choose R, = 47 kQ

R? (47 kQ2)?

R = =22 0
* Ry-2R, 100MQ -2(47 kQ)

Input offset voltage
Even with zero input voltage- output may not be zero
Due to unavoidable imbalances in the OP Amp

Apply small input voltage at input terminals to make output
voltage zero
This voltage is called input offset voltage V.

The input voltage to be applied at the input to make output
voltage zero
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IV,
is set to zero, the circuits of Fig. 3.2 (b and ¢) become the same as in
Fig. 3.2 (d). The voltage V, at the () input terminal is given by

R
= | ——1
Vs [Rl TR, JV,, (3.20)
* - V=0V
_( )+ L
- vﬂs
Fig. 3.2 {(a) Op-amp showing input offset voitage
or v, =Bt E y (1.8 y, (3.21)
R, R,
Since, V.= |V, - V,| and V, = 0,
Ve = 0-V5|=V, (3.22)
or, V, = (1 + Ef-ll-’m (3.23)
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Fig. 3.2 (b) Non-inverting amplifier Fig. 3.2 (c) Inverting amplifier

A,
Ry,
Vos —Q
+ Vo=(1+ E-wm
Vi=0V

Fig. 3.2 (d) equivalent circuit for ¥ = 0
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Total Output Offset Voltage

The total output offset voltage V,r could be either more or less than
the offset voltage produced at the output due to input bias current or
input offset voltage alone. This is because input offset voltage V, and
input bias current Iy could be either positive or negative with respect
to ground. Therefore, the maximum offset voltage at the output of an
inverting and non-inverting amplifier of Fig. 3.2 (b, ¢) without any
compensating technique used, is given by

< Vo
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Fig. 3.3 (a) Offset null pin connection for uA741. Balancing circuit for
(b) Inverting amplifier (c) Non-inverting amplifier

Linear Integrated Circuits —-Roy
choudry and Jain



However, with Rmp in the circuit, the total output offset voltage
will be given by

Vi = [1 + %t] V. + Rl (3.25)

1

Many op-amps provide offset compensation pins to nullify the offset
voltage. So one must refer to the manufacturer’'s specifications while
using the offset null connections. Figure 3.3 (a) gives the connections
for the 741 op-amp. The manufacturers recommend that a 10 kQ
potentiometer be placed across offset null pins 1 and 5 and the wiper
be connected to the negative supply pin 4. The position of the wiper
is adjusted to nullify the output offset voltage. However, when the
given op-amp does not have these offset null pins, external balancing
techniques are used. Figures 3.3 (b, ¢) show the balancing circuits
used for inverting and non-inverting operational amplifiers.

—_— - — —
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Example 3.2

(a) For the non-inverting amplifier of Fig. 3.2 (b), B, = 1 kQ and R;
=10 k€. Calculate the maximum output offset voltage due to V,,
and Ig. The op-amp is LM 307 with V, = 10 mV and I = 300 nA,
I, = 50 nA.

(b) Calculate the value of R, needed to reduce the effect of Iy.

(c) Calculate the maximum output offset voltage if R, as calculated
in (b) is connected in the circuit.

Solution

@ Vg (14 %}L] V.. +Rely

\

(
1+1{]kﬂ
\

=110 mV +3 mV =113 mV

(b) The value of R, needed is,
Regmp = 1kQ||10kQ = 990 Q
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(c) With R, in the circuit,

VI:IT = [1-1‘-%‘1-] VH +R(f“

110 mV + 0.5 mV = 110.5 mV

Thermal Drift

Bias current, offset current and offset voltage change with tempera-
ture. A circuit carefully nulled at 25°C may not remain so when the
temperature rises to 35°C. This is called drift. Often, offset current
drift is expressed in nA/°C and offset voltage drift in mV/°C. These
indicate the change in offset for each degree celsius change in tem-
perature.

There are very few circuit techniques that can be used to minimize
the effect of drift. Careful printed circuit board layout must be used
to keep op-amps away from source of heat. Forced air cooling may be
used to stabilize the ambient temperature.
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A non-inverting amplifier with a gain of 100 is nulled at 25°C. What

will happen to the output voltage if the temperature rises to 50°C for
an offset voltage drift of 0.15 mV/°C?

Solution

Input offset voltage due to temperature rise = 0.15 mV/°C x (50°C -

25°C) = 3.75 mV. Since this is an input change, the output voltage will
change by

Vo = Vo X Acyr,
= 3.75 mV x 100 = 375 mV
This could represent a very major shift in the output voltage.
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AC CHARACTERISTICS

the dc characteristics such as bias current,
offset current, offset voltage and thermal drift. These will affect the
steady state (dc) response of the op-amp only.

For small signal

sinusoidal (ac) applications, one has to know the ac characteristics
such as frequency response and slew-rate

Frequency Response

Ideally, an op-amp should have an infinite bandwidth. This means
that, if its open-loop gain is 90 dB with dc signal its gain should
remain the same 90 dB through audio and on to high radio frequen-
cies. The practical op-amp gain, however, decreases (rolls-off) at higher

frequencies.
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Fig. 3.4 (a) High frequency model of an op-amp with single corner fregquency

there must be a capacitive component
in the equivalent circuit of the op-amp. This capacitance is due to the
physical characteristics of the device (BJT or FET) used and the
internal construction of op-amp. For an op-amp with only one break
(corner) frequency, all the capacitor effects can be represented by a
single capacitor C as shown in Fig. 3.4 (a). This figure represents the
high frequency model of the op-amp with a single corner frequency.
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There is one pole due to R,C and obviously one — 20 dB/decade
roll-off comes into effect.

The open loop voltage gain of an op-amp with only one corner
frequency i1s obtained from Fig. 3.4 (a) as

v, = R:f‘;} -~ Aora (3.26)
on A= :: 1+ ;?:—Lfﬂnc
or, A= . +?ﬁ'ﬁf’f1) (3.27)
where fi = ﬁ (3.28)

is the corner frequency or the upper 3-dB frequency of the op-amp.
The magnitude and the phase angle of the open loop voltage gain are
function of frequency and can be written as
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Al

(3.29)
; 1+(f/fH)P

¢ = —tan™' (fif;) (3.30)

The magnitude and phase characteristics from Eq. (3.29) and (3.30)
are shown in Fig. 3.4 (b, ¢). It can be seen that

(i) For frequency [ << f;, the magnitude of the gain is 20 log Ag,

in dB.
(i1) At frequency f = f,, the gain is 3 dB down from the dc value of

Agp in dB. This fregquency f; is called corner frequency.
(iii) For [ >> f,, the gain rolls-off at the rate of —20 dB/decade or

— 6 dB/octave.

20 log Ag |
3dB

IANdB)

il f— e e e S e

(b)
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Fig. 3.4 (b) Open loop magnitude characteristics in semilog paper and (c) phase
characteristics for an op-amp with single break frequency

It can further be seen from the phase characteristics that the phase
angle is zero at frequency f= 0. At corner frequency f, the phase angle
is —45° (lagging) and at infinite frequency the phase angle is —90°.
This shows that a maximum of 90° phase change can occur in an
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op-amp with a single capacitor. It may be mentioned here, that zero
frequency does not occur in log scale. From all practical purposes, zero
frequency is taken as one decade below the cormer fregquency and

infinite frequency is one decade above the corner frequency. The voltage
transfer function is s-domain can be written as

A=_AoL ___ Ao
1+ j(f/fi) 1+ jlw/m,)

= Aor-w;, _Agp-®;

Joo + @y 8 + W,
i

i

-

A practical op-amp, however, has number of stages and each stage
produces a capacitive component. Thus due to a number of RC pole
pairs, there will be a number of different break frequencies. The

transfer function of an op-amp with three break frequencies can be
assumed as

0<fi<h<fy (3.31)

Linear Integrated Circuits —-Roy
choudry and Jain



Open-loop gain (dB) ————m

or, A= Ao ® ® 0 (3.32)

(8 +w,) (s +wy) (8 +wg)

with 0 < @, < ©; < ;.
For a typical op-amp, straight line approximation of open-loop gain
vs frequency in logarithmic scale is shown in Fig. 3.5. The open loop
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290 —20 dB/decadsa
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,, I —40 dB/decade
| I

40 — [ I
: I

2ol , { ~60 dB/decade
I 1

I g | I I 1
1k 10k 100k f, M, 10M 1, 100M

———® Frequency (Hz)
Fig. 3.5 Approximation of open loop gain vs frequency curve
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Accordingly, as frequency is increasing,
cascading effect of RC pairs (poles) come into effect and roll-off rate
increases successively by —20 dB/decade at each corner frequency. Each
RC pole pair also introduces a lagging phase of maximum up to —90°,

Stability of an Op-Amp

Op-amps are rarely used in open loop configuration because of its
high gain. Let us now consider the effect of feedback on op-amp
frequency response. Consider an op-amp amplifier of Fig. 3.6. (a). It
uses resistor feedback network and may be used as an inverting
amplifier for v, = 0 and as non-inverting amplifier for v, = 0.

Fig. 3.6 (a) HaSH ryfﬁbggi PBF§%¥I|E{1 in op-amp
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From the negative feedback concepts, we may write the closed loop
transfer function as
A

Ac = 1+ AB

where A is the open loop voltage gain and B is the feedback ratio. In
Eq. (3.33), if characteristic equation (1 + AB) = 0, the circuit will
become just unstable, that is, leads into sustained oscillation.

Rewriting the characteristic equation as, 1 — (-AB) = 0 leads to

(3.33)

loop gain, —Af =1 (3.34)
Since AP is a complex quantity, the magnitude condition become
|AB| =1 (3.35)

and phase condition is

[—AB = 0 (or multiple of 2n)
or, [ AB = = (or odd multiple of x) (3.36)
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or

Gain in dB ————»

(1 +A4p) <1
A <0 1.e. negative

Open-loop gain

w Curve for closed loop gain
Ag = 10,000 or B0 dB

Curve for closed loop gain A, = 1000 or 60 dB

Curve for closed loop gain A, = 10 or 20 dB

60 dB/decade rate of c#muru-""} - 60 dB/decade
I [ 1 ] 1
1k 10k 100K i 10M 100M
Frequency (Hz) ————

Fig. 3.6 (b) Effect of feedback on open loop gain vs frequency curve
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- Ao 003 .,
A (8+ ;) (s +wy)(s+wg)’ <M <0p <O

Obviously the poles of the open-loop transfer function are at — w,,
—wy and —w,;. The closed loop poles, that is the poles of A in Eq.
(3.33) will be given by the roots of the characteristic equation

1+Ap =0

Putting the value of A from Eq. (3.32) we get,

1+ PAg ey _
(s + ) (s +mp) (s +w3)

or, (s+w)(s+w) (s+w)+PAg @00 =0
or, 8+ (0 + 0+ 1y + 50+ 00+ 00 + O 00y
(1+pA) =0 (3.37)
The roots of the cubic equation depend upon BAg;, the dec loop gain
and therefore, (BAg;) becomes critical parameter that determines the
new pole location. Further, fAg; can take any value between zero for
no feedback (f = 0) and Ay, for maximum feedback (f = 1). For
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will find out that critical value of Ay, for which the closed loop
system becomes just unstable. Rewriting Eq. (3.37) as

ags’ + aps” + a8 +a, =0 (3.38)

oy (BAQ (BAq),
tptﬂ,]c.(z+%+-5;+ T

wy Closed loop pole for

+ ot " (BAoU< (BAaL),

Fig. 3.7 Root loci as a function of B4,
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where,
az; =1
QG =Wy + Wy + @y
G = 00 + W03 + 00,
a, = 0, Wy 003 (1 + PAgy)
In order to find the critical value of BA,, apply Routh’s stability
criterion to Eq. (3.38). That is,

(i) All the coefficients ag, a,, @, and a, should be positive.
(1) asa, - aga, <0 (3.39)

This means that if op-amp is used as an inverting amplifier in Fig.
3.6 (a), the inverting gain magnitude should be greater than 4 and if
used as non-inverting amplifier, the non-inverting gain should be
greater than 5 for oscillation to sustain.

If it is desired that the amplifier should remain stable for any
resistive network, that is, 0 < B < 1, then A, must satisfy the most
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stringent condition for B = 1, that is,

AUL-:[2+“_}I.+"_}L+B.+“_}1+E+E] (3.45)
W @3 Wy Wy W W

Frequency Compensation

In applications where one desires large bandwidth and lower closed
loop gain, suitable compensation techniques are used. Two types of
compensating techniques are used (i) External Compensation, (ii)
Internal Compensation.

Linear Integrated Circuits —-Roy
choudry and Jain



The common methods for accomplishing this are:
Dominant-pole compensation
Pole-zero (lag) compensation

—40 dB/decade

hrll—--.l-i —— — — —

i Linear_ Intearaied Circuifs.= i
Fig. 3.8 (a) Dominant p-nr]e rm E: .Fl:!f%ln ws freguency curve for
dnmnrfﬁqg%ﬂ.@ B-ensati-un



Internally Compensated Operational Amplifier

Sometimes, the relatively broad bandwidth of the uncompensated op-
amp is not needed. For example, in the instrumentation circuit, the
op-amp required is to amplify relatively slow changing signals and
therefore it does not require good high-frequency response.

They are sometimes called mmp&nsat.e:i op-amps. Also they are stable
regardless of the value of closed-loop gain and w1thnut externally
connected compensating components.

The op-amp IC 741 contains a capacitance C, of 30 pF
(see Fig. 2.22 (a)) that internally shunts off signal current and thus
reduces the available output signal at higher frequencies. This inter-
nal capacitance, which is an internal compensating component, causes
the open-loop gain to roll-off at —20 dB/decade rate and thus assures
for a stable circuit.
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' The 741 op-amp has a 1 MHz gain-bandwidth
product. This means that the product of the coordinates, gain and
frequency of any point on the open-loop gain vs frequency curve is
about 1 MHz. If 741 op-amp is wired for a closed-loop gain of 10* or
80 dB, its bandwidth is 100 Hz as can be seen by projecting to the
nght from 10* in the curve of Flg 3.11. For gain of 102, the bandwidth
increases to 10 kHz and for gain 1, the bandwidth is 1 MHz. For 741
op-amp, unity gain-bandwidth prﬂduct is specified as 1 MHz in the
data sheet. This simply means that op-amp 741 has 1 MHz bandwidth
with unity gain as seen in Fig. 3.11. Some internally compensated op-
amps are Fairchild's pA 741, National Semiconductor’'s LM741, LM107
and LM112 and Motorola's MC1558.

‘o_‘ ' A L L [ ] ) % A .

- 100 | ineYfintegra’®¥Circuiti o8y bl oM ’
Fig. 3.11 Frequerqgeugw«'lg@ of uA741 op-amp




Slew Rate

The rise time of an amplifier is defined as the time the output takes
to change from 10 to 90 percent of the final value for a step input and
1s given as 0.35/BW, where BW is the bandwidth of the amplifier.
Ideal response time should be zero second as BW is infinite for ideal
op-amp, that is, output voltage should respond mstantaneously to any
change in the input.

Rise time 1s usually specified for small signals,
usually when the peak output voltage is less than one volt. However,
for large signal output (i.e., V,, > 1 volt), the op-amp’s speed is limited
by slew rate, Manufacturers specify slew rate that gives the circuit
designer a good idea of how quickly a given op-amp responds to changes
of input voltage. An op-amp’s slew rate is related to its frequency
response. Usually op-amps with wide bandwidth will have higher
(better) slew rates.
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The slew rate is defined as the maximum rate of change of output
voltage caused by a step input voltage and is usually specified in
Vius. For example, a 1V/us slew rate means that the output rises or
falls by 1 V in one microsecond. An ideal slew rate is infinite which
means that op-amp’s output voltage should change instantaneously in
response to input step voltage. Practical IC op-amps have specified
slew rates from 0.1 V/us to well above 1000 V/us

What causes slew rate? There is usually a capacitor within or outside
an op-amp to prevent oscillation. It is this capacitor which prevents
the output voltage from responding immediately to a fast changing
input. The rate at which the voltage across the capacitor v, increases
1s given by,

dv. _

I
— 3.49
dt C )
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du, I

—l. 3.49

dt C ( )
Here, I is the maximum current furnished by op-amp to the capacitor

C. This means that for obtaining faster slew rate, op-amp should have

either a higher current or a small compensating capacitor. For the

741 C, the maximum internal capacitor charging current is limited to

about 15 pA. So the slew rate (SR) of 741 C is,

SR = dv =.!M=.!M = 0.5 Vius
dt | .x C 30pF

Slew rate limits the response speed of all large signal waveshapes.
For a sine wave input, the effect of slew rate limiting can be calculated
as follows:

Consider a voltage follower shown in Fig. 3.12 (a). The input is
large amplitude, high frequency sine wave.

If v, =V, sin ot
Then, output v, = V_, sin wt

Figure 3.12 (b) shows the input-output waveform.
The rate of change of the output is given by,

dy,
—2 = V_ o cos wt
dt Linear Integrated Circuits —-Roy
choudry and Jain



Vo=Vg

~ v.?_ B

= (@) )
Fig. 3.12 (a) Voitage follower (b) Input/output waveform

The maximum rate of change of the output occurs when cos wt = 1.

That is,
SR = dﬁ{ =0V,
dt max

Therefore, Slew Rate = 2n f V,, V/s
=2nfVn y
o Ves
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Fig. 3.13 (a) Voltage follower using op-amp with slew rate' 1V/us (b) square
wave voltage signal applied (c) output for input frequency of 100 Hz (d) output

for input frequency of 100 kHz (e) output for input frequency of 1 MHz
Linear Integrated Circuits —Roy
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Thus the maximum frequency f,.. at which we can obtain an
undistorted output voltage of peak value V_ is given by,

Slew Rate
6.28 x V,
This f,... 1s also called the full power response. It is the maximum

frequency of a large amplitude sine wave with which op-amp can have
without distortion.

fmax (H2z) =

The output of an op-amp voltage follower is a triangular wave as
shown in Fig. 3.14 for a square wave input of frequency 2 MHz and
8V peak to peak amplitude. What is the slew rate of the op-amp?

Since slew rate is defined as the maximum rate of change of the
output, so from Fig. 3.14, it can be seen that,

6V

SR = = 14 V/us

(0.5/2)us

v

0.5us
Linear Integrated Circuits —-Roy
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A square wave of peak to peak amplitude of 500 mV has to be amplified
to a peak-to-peak amplitude of 3 volts, with a rise time of 4 us or less.
Can a 741 be used?

Since the output has a peak amplitude greater than 1 volt, the slew

rate is the limiting factor. The required slew rate = % From the

definition of rise time, the change in the output voltage Av in 4 us is
equal to

(09-0.1)3V=24V
Therefore, SR = 24V 0.6 V/us
4 pus

Since the slew rate of 741 is 0.5 V/us, it is too slow and cannot be
used.
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A T41C op-amp is used as an inverting amplifier with a gain of 50.
The voltage gamn vs frequency curve of 741C is flat upto 20 kHz. What
maximum peak to peak input signal can be applied without distorting
the output.

The slew rate for 741C is 0.5 V/us, so maximum output voltage at 20
kHz, is

0.5 = (27) (20X 10%) (Vp)

108
Va = 3.98 V peak
or, V, = 7.96 V peak to peak.

Hence, for the output to be undistorted sine wave, the maximum
input signal should be less than

7.96 _ 159 mV peak to peak.

Linear Integrated Circuits —-Roy
choudry and Jain



ANALYSIS OF DATA SHEETS OF AN OP-AMP

From the data sheet it can be seen that:

X.
2.
3.

4.

741 is internally frequency compensated op-amp.

741 is a monolithic IC fabricated using planar epitaxial process.
It is useful for integrator, summer, voltage follower and other
feedback applications.

Absolute maximum ratings are specified for supply voltage,
internal power dissipation, differential input voltage, input
voltage, storage and operating temperature ranges, soldering pin
temperature and output short circuit duration.

741 is available in all three packages viz 8-pin metal can, 10-pin
flat pack and 8 or 14 pin DIP. The pin diagrams for all these
packages are shown in the data sheet.

For 741C, two sets of electrical specifications are available, one
set is applicable at room temperature (25°C) and other set applies
to the commercial temperature range (0° to + 70°C). As we are
interested only in showing the significance of the parameters
listed, we limit the discussion to only one model, that is 741C at
25°C.
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L0 L.
The various electrical parameters supplied in the data sheet are as
follows:

Input offset voltage:]t is the voltage that must be applied between
the input terminals of an op-amp to nullify the output. Since this
voltage could be positive or negative its absolute value is listed on the
data sheet. For 741C, the maximum value is 6 mV,

Input offset current:The algebraic difference between the currents
into the (-) input and (+) input is referred to as input offset current.
It 1s 200 nA maximum for 741C.

Input bias current:The average of the currents entering into the
(-) input and (+) input terminals of an op-amp is called input bias
current. Its value is 500 nA for 741C.

Input resistance:Thig is the differential input resistance as seen
at either of the input terminals with the other terminal connected to
ground. For the 741C, the input resistance i1s 2 MQ.
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Input capacitance:Jt ig the equivalent capacitance that can be
measured at either of the input terminal with the other terminal
connected to ground. A typical value of C, is 1.4 pF.

Offset voltage adjustment range: gpecial feature of the 741
family op-amp is the provision of offset voltage null capability. For

— g r e m s m e m = m e g =g — = e e _—

For 741C offset voltage adjustment range 1s
+ 15 mV.

Input voltage range: This is the common-mode voltage that can
be applied to both input terminals without disturbing the performance
of an op-amp. For the 741 C, the range of the input common-mode
voltage is + 13 V. Common-mode configuration is used only for test
purpose to determine the degree of matching between the inverting
and non-inverting terminals.
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Common-mode rejection ratio: It has been discussed in detail in
Sec. 2.3.7. For 741C, CMRR 1s typically 90 dB. CMRR is usually
measured under the test condition that the input source resistance R,
< 10 kQ. The higher the value of CMRR, better is the matching be-
tween the two input terminals and smaller the output common-mode
voltage.

Supply voltage rejection ratio: The change in an op-amp’s input
offset voltage due to variations in supply voltage is called the supply
voltage rejection ration (SVRR). Some manufacturers use terms like
power supply rejection ratio (PSRR) or power supply sensitivity (PSS).
These terms are expressed in microvolts per volt or in decibels. For
741C, SVRR = 150 pV/V. Obviously, lower the value of SVRR, better
the op-amp.

Large signal voltage gain: An op-amp amplifies the difference
voltage between the two input terminals and, therefore, its voltage
gain is defined as,

output voltage

Volta in = -
oTABE B differential input voltage
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Output voltage swing: The output voltage swing indicates the
value of positive and negative saturation voltages of an op-amp, and
never exceeds the supply voltage V* and V~. For 741C, the output
voltage swing is guaranteed to be between +13V and -13 V for R; 2
2 kQ.

Output resistance: Output resistance R, is the resistance mea-
sured between the output terminal of the op-amp and the ground. It
i1s 75 Q for the 741C op-amp.

Output short circuit current: This is the current that may flow
if an op-amp gets shorted accidentally and is generally high. The op-
amp must be provided with short circuit protection. The short circuit
current I, for 7T41C i1s 25 mA. This means that the built-in short
circuit protection i1s guaranteed to withstand 25 mA of current.
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Supply current: Supply current I, is the current drawn by the op-
amp from the power supply. It is 2.8 mA for 741C.

Power consumption: This gives the amount of quiescent power
(V; = 0V) that must be consumed by the op-amp so as to operate
properly. It 1s 85 mW for 741C.

Transient response: 1he rise time and overshoot are the two
characteristics of the transient response of any circuit. These
parameters are of importance whenever selecting an op-amp for ac
applications. The transient response test circuit is included in the
data sheet. For 741C, rise time is 0.3 pus and overshoot is 5%.

Slew rate: This is another parameter of importance whenever
selecting an op-amp for high frequency applications. It has been
discussed 1n detail in Sec.3.3.4. Op-amp 741C has a low slew rate (0.5
V/us) and therefore cannot be used for high frequency applications.
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