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Characteristics of Op-Amps:

« DC Characteristics of op-amp
« AC Characteristics of op-amp
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Characteristics of Op-Amps:

« DC Characteristics of op-amp

Current 1s taken from the source into the op-amp Inputs respond
differently to current and voltage due to mismatch in transistor.

« DC output voltages are,
1. Input bias current

2. Input offset current

3. Input offset voltage

4. Thermal drift
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) Characteristics of Op-Amps:

* DC Characteristics of op-amp
1. Input bias current:
The op-amp‘s input is differential amplifier, which may be made of BJT or FET.
In an ideal op-amp, we assumed that no current is drawn from the input terminals.

The base currents entering into the inverting and non-inverting terminals (Ig & I3
respectively).

- Even though both the transistors are identical, 1; & 1 are not exactly equal due to
Internal imbalance between the two inputs.

- Manufacturers specify the input bias current I
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Characteristics of Op-Amps:

« DC Characteristics of op-amp
1. Input bias current:

tlll'

@ | b
Fig. 3.1 (a) Input bias currents (b) Inverting amplifier with bias currents
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Characteristics of Op-Amps:

1. Input bias current Compensation

« Op-amp with a 1MQ feedback resistor o \f\/&/\« |

* V, =500 nA X 1IMQ =500 mV | S, **12'"“

The output is driven to 500mV with zero input, R LT, )

because of the bias currents. "'"‘\4\-\»"\' '8’{0\, _—_: >\L4)Vo S
In application where the signal levels are measured in 1 I+ 1 ; i |
this is totally unacceptable. \(_ Lt '

This can be compensated. V1§ . ;  im
Where a compensation resistor Rcomp has been added H o

between the non-inverting input terminal and ground L]

as shown in the figure. Fig. 3.1 (c) Bias current compensation in an inverting amplifier
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1. Input bias current: Aditya Engineering College (A)

Current 15* flowing through the
compensating resistor R, then by KVL we
-V,+0+V,-V, =0 (or)

Vo=V,-V, >(3)

« V, =If R omp (or)

IB+ - Vlchomp —>(4)
* The node =a‘ is at voltage (-V,).

* Because the voltage at the non-inverting input terminal is (-V,).
« So with Vi = 0 we get,

l, =V,/R, >(5)

I, = V,/R; >(6)

 For compensation, Vo should equal to zero (V, =0, V; = 0). i.e. |

+ from equation (3) V, = V,. So that, 9. 3.1 (c) Bias current compensation in an inverting amifier
I, = V,/R; >(7)
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1. Input bias current: Aditya Engineering College (A)

KCL at node =a‘ gives,

lg=1,+1,;
Assume Ig™ = I3* and using equation (4) & (8) we get e AM
I:acomp = Rl ” Rf "'>(9) : -
R‘l ] |-B
e ‘a'{o —
R
$+ |+
L )v=0 ~[ '8
1 Vy S Ramp.
| - ' ~
| #
Fig. 3.1 (c) Bias current compensation in an inverting amplifier
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finfrer) Characteristics of Op-Amps:
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1. Input bias current Compensation with non-inverting amplifier

Rcomp = Rl ” Rf

INTEGRATED CIRCUITS AND APPLICATIONS

Fig. 3.1(d) Bias current compensation in
a non-inverting amplifier
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Characteristics of Op-Amps:

2. Input Offset Current:
Bias current compensation will work if both bias currents IB* and IB- are equal.

Since the input transistor cannot be made identical. There will always be some small
difference between I;* and I;". This difference is called the offset current

||os| = IB+ 'IB_
* Offset current |, for BJT op-amp is 200nA and for FET op-amp is 10pA. Even with bias
current compensation, offset current will produce an output voltage when V, = 0.
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Characteristics of Op-Amps:

2. Input Offset Current Compensation

R¢
T BN e [
S - ¥ R, :
‘x\ vVVWWA vWW———
S
'?j?kx ek v
e S "
—— \ 3
2 S -O

Fig. 3.1 (e) Inverting amplifier with
~ T-feedback network
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FARTSAY Characteristics of Op-Amps:
« DC Characteristics of op-amp

3. Input offset voltage:

In spite of the use of the above compensating techniques, it is found that the output voltage
may still not be zero with zero input voltage [V, # 0 with V, = 0]. This is due to unavoidable
imbalances inside the op-amp and one may have to apply a small voltage at the input
terminal to make output (V,) = 0. This voltage is called input offset voltage Vos. This is the
voltage required to be applied at the input for making output voltage to zero (Vo = 0).

I N Vo

N
—'?[ Vios

Fig. 3.2 (a) Op-amp showing input
- offset voltage
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Characteristics of Op-Amps:

« DC Characteristics of op-amp

3. Input offset voltage: R,
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Fig. 3.2 (b) Non-inverting amplifier Fig. 3.2 (c) Inverting amplifier
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Characteristics of Op-Amps:

* DC Characteristics of op-amp

3. Input offset voltage:

Fig. 3.2 (d) equivalent circuit for V=0
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{inife) Characteristics of Op-Amps:

* DC Characteristics of op-amp

Total output offset voltage:

The total output offset voltage VOT could be either more or less than the offset
voltage produced at the output due to Input bias current (IB) or input offset voltage

alone(\os).
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Total output
offset voltage
Compensation

DC Characteristics of Op-Amps: Aditya Engineering College (A)

2 &8 R,
R - : R
: 1 A\ VI ;
———VAAAA, O—— A"\ WA -
= 74
2 >
6 V,
741 5 —0o V, +V 23 ’
( Vi . B V=it
' 5 50 kQ o8 R,+R,
— Reome Pot 200 kQ
R4
= = \0*0
(@) =
! (b)
R
+V 2
A\AAAN
R, R,

50 kQ ~
Pot 200 kQ

comp VOS =%

(c)

Fig. 3.3 (a) Offset null pin connection for

(b) Inverting amplifier (©) Non-inL:lzZt‘i‘r}é 2?,'1?3?;:2'_9 circuit for
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ADITEAY Characteristics of Op-Amps:

« DC Characteristics of op-amp
4. Thermal drift:
Bias current, offset current, and offset voltage change with temperature.

A circuit carefully nulled at 25°C may not remain. So when the temperature rises to
35°C. This Is called drift.

Offset current drift is expressed in nA/°C.

Compensation:

Printed circuit board layout must be used to keep op-amps away from sources of
heat. Air cooling to be provided to reduce the temperature effect.
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AN AC Characteristics of Op-Amps:

« AC Characteristics of op-amp
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Fig. 3.4 (a) High frequency model of an op-amp with single corner frequency
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Characteristics of Op-Amps:
« AC Characteristics of op-amp

A

20log A, - l
3dB

—20dB/decade

|AI(dB)

- ————— e ————

>
1 (log scale) - f - h (log scale) f
(b) (c)

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

« AC Characteristics of op-amp
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."Z\D'ﬁr% AC Characteristics of Op-Amps:

 Frequency Compensation
» External Frequency Compensation
* Internal Frequency Compensation

 External Frequency Compensation
« Dominant-pole Compensation
» Pole-zero (lag) Compensation
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FARTSAY AC Characteristics of Op-Amps:

 External Frequency Compensation
« Dominant-pole Compensation

V,Q_

f,=1/21RC

(a) %

Fig. 3.8 (a) Dominant pole compensation
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) AC Characteristics of Op-Amps:

 External Frequency Compensation
« Dominant-pole Compensation

& 4 No compensation
pen loop | f
gain (dB) | g /

{

Dominant pole
compensation

—60 dB/decade

£\ £, 1. il
1\ 2 1 f(log scale)

(b)
Fig. 3.8 (b) Gain vs frequency curve for dominant pole compensation
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FARTSAY AC Characteristics of Op-Amps:

 External Frequency Compensation
» Pole-zero (lag) Compensation

=G

(a) +

Fig. 3.9 (a) Pole-zero compensation

11

INTEGRATED CIRCUITS AND APPLICATIONS Dr. N. Radha, Associate Professor, ECE Saturday, April 15, 2023



Aditya Engineering College (A)

) AC Characteristics of Op-Amps:

 External Frequency Compensation
» Pole-zero (lag) Compensation
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Fig. 3.9 (b
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AC Characteristics of Op-Amps:
 External Frequency Compensation

Dominant pole
compensation

Open loop gain (dB)

40 dB/decade

—60 dB/decade

: f. .l f. » §
' (Log scale)
3-dB Band width improvement

Fig. 3.10 Comparison of dominant pole and pole-

X

Zero techniques
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AC Characteristics of Op-Amps:

M@"uyw‘rlg/m‘&‘
* Internal Frequency Compensation
« 741 op-amp is compensated.
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Fig. 3.11 Frequency response of puA741 op-amp
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AC Characteristics of Op-Amps:
 Slew Rate

« Another important frequency related parameter of an op-amp Is the slew rate. (Slew rate is the
maximum rate of change of output voltage with respect to time. Specified in V/us).

If Vs = VmSinwt then output VO = Vmsinwt . The rate of change of output is given

dv, V, ® cos mt
di

Y A aN

(a) _ (b)
Fig. 3.12 (a) Voltage follower (b) Input/output waveform
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AC Characteristics of Op-Amps:

 Slew Rate
The maximum rate of change of the output occurs when cos wf = 1. That is,
SR = 2% / =wV,
dt max
Therefore, Slew Rate = 2t f V_,, V/s
_ 2 fV, .
= V/us
106 /n
Where /= input frequence (Hz)

V.. = peak output amplitude

If right hand side of Eq. (3.51) is less than the slew rate of the op-amp. then output will
be undistorted. If frequency or amplitude of input signal is increased to exceed slew rate of
op-amp, the output will be distorted.

Thus the maximum input frequency fa.x at which we can obtain an undistorted output

voltage of peak value V,, is given by,
_ Slew Rate ;46
fmax (H2) = "5 o5V,

is the maximum frequency of a large
' full power response. It 1s . '
is also called the b have without distortion.

This £,

mplitude sine wave with which op-amp
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AC Characteristics of Op-Amps:

* Slew Rate

Find out the slew rate if an op-amp is necessary to amplify a signal through 4 volts
of peak voltage at a 30kHz of frequency.

Sol.

* Vm =4V and fm = 30kHz

e Slew rate (S) = 2ZnfmVm

e Substitute the given values in the above equation.
* S =2%3.4x4x30x10"3

e =188.4x10”3 = 188400 V/S or 0.1884V/ us
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AN Ideal and practical characteristics of an Op-Amp
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Measurement of Input offset voltage and PSRR

:

I

]
1

e 10

mll
|<—

—
-—

Fig. 2.56 Measurement of Vios and PSRR
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Measurement of CMRR
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Fig. 2.57 Measurement of CMRR
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Measurement of Output offset voltage

Fig. 2.58 Measurement of oﬁtput offset voltage
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[ADTEA) Measurement of Differential Input Resistance
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Fig. 2.59 Mea‘sur_ement ot R,
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Measurement of Output Resistance
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Fig. 2.60 Measurement of R,
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Measurement of Slew Rate

L

Fig. 2
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1(a) Measurement of slew rate
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