25.37 OP-Amp Differentiator

A differentiator is a circuit that performs differentiation of the input s
differentiator produces an output voltage that is proportional to the rate of chan
voltage. Its important application is to ;;roducc a rectanaular output from a ramp in
shows the circuit of OP-amp differentiator. It consists of an OP-amp, an input cap
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Circuit analysis. Since point A in Fig. 25.88 is at virtual ground, the virtual-ground equivalent
circuit of the operational differentiator will be as shown in Fig. 25.89. Because of virtual ground and
infinite impedance of OP-amp, all the input current i, flows through the feedback resistor R i.e. i = ig.

. U=, - B
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dv dv;
l — c = —h
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v,i—=0=v,

( iR = 'c)

it h)

._ Eq. (i) shows that output is the differentiation of the input with an inversion and scale multiplier of

RC. If we examine eq. (i), we see that if the in

put voltage is constant, dv/dt is zero and the output

voltage is zero. The faster the input voltage changes, the larger the magnitude of the output voltage.
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25.38. Comparators

Often we want to compare one volt
comparator may be used. A comparai
advantage of very high open-loop vo

agg to another to see which is larger. In this situation, a
oris an OP-amp circuit without negative feedback and takes

: _ s ltage gain of OP-amp. A comparator has two input voltages
(noninverting and inverting) and one output voltage. Because of the high open-loop voltage gain of

an OP-amp, a very small difference voltage between the two inputs drives the amplifier to
saturation. For example, consider an OP-amp having Aoy, = 100,000. A voltage difference of only
025 mV between the inputs will produce an output voltage of (0.25 mV) (100,000) = 25V.
However, most of OP-amps have output voltages of less than + 15V because of their d.c. supply
voltages. Therefore, a very small differential input voltage will drive the OP-amp to saturation. This
is the key point in the working of comparator.

Fig. 25.93 illustrates the action of a comparator. The input
voltages are v, (signal) and v, (*reference voltage). If the
differential input is positive, the circuit is driven to saturation and
output goes to maximum positive value (**+V_ =+ 13V). Reverse
happens when the differential input goes negative i.e. now output is

+
maximum negative (- V., = — 13V). This circuit is called ‘2 5

+15V

comparator because it compares v, to v, to produce a saturated =~ = -5V F
positive or negative output voltage. Note that output voltage .
rapidly changes from — 13V to + 13V and vice-versa. Fig. 25.93
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25.26 Noninverting Amplifier

There are times when we wish to have an output signal
of the same polarity as the input signal. In this case, the
OP-amp is connected as noninverting amplifier as
shown in Fig. 25.55. The input signal is applied to the
noninverting input (+). The output is applied back to the
input through the feedback circuit formed by feedback
resistor R, and input resistance R,. Note that resistors R,
and R, form a voltage divide at the inverting input (—)
This produces negative feedback in the circuit. Note
that R; is grounded. Since the input signal is applied to
the noninverting input (+), the output signal will be
noninverted i.e., the output signal will be in phase with

the input signal. Hence, the name non-inverting ;
amplifier. Fig. 25.55

Voltage gain. If we assume that we are not at saturation, the potential at point A is the same as |

n- Since the input impedance of OP-amp is very high, all of the current that flows through R;also
ﬂows through R, Keeping these thlngs in mind, we have,

Voltage across R, = — 0 ; Voltage across Rz Vo= Vi
Now Current through R, = Current through R,
—Vi" -0 Vout - Vin
or Ri = Rf
or Vme = VouRi-V, R,
or Vin (Rf £ R;) o Vout Rt
vV R, + R, R
or S A B i

: Vout Rf
Closed-loop voltage gain, A, = N Tt =

in ]
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25.24 Inverting Amplifier

An OP amplifier can be operated as an inverting

amplificr as shown in Fig, 25.46. An input signal v, is ——-\/V'j/'\/\‘
applied through input resistor &, to the minus input

(inverting input). The output is fed back to the same R,

minus input through feedback resistor R, The plus AN

input (noninverting input) is grounded. Note that the -
resistor R, provides the *negative feedback. Since the input v, il
signal is applied to the inverting input (<), the output
will be inverted (i.e. 180° out of phase) as compared
to the input. Hence the name inverting amplifier.

Voltage gain. An OP-amp has an infinite input
impedance. This means that there is zero current at the inverting input. If there is zero current
through the input impedance, then there must be no voltage drop between the inverting and non-
inverting inputs. This means that voltage at the inverting input (-) is zero (point A) because the
other input (+) is grounded. The OV at the inverting input terminal (point A) is referred to as virtual |
ground. This condition is illustrated in Fig. 25.47. The point A is said to be at virtual ground
because it is at OV but is not physically connected to the ground (i.e. V,=0V).

Fig. 25.46

Virtual ground (0V) Ry > h
VW=
[y

R

R —ny o lov

Vine—MW A | Vin® YNV = I' 0

OV{ '-—Ovout Ri L -——OVM ke
+
(1) (i)
Fig. 25.47

Referring to Fig. 25.47 (if), the current /, to the inverting input is zero. Therefore, currcntl
flowing through R, entirely flows through feedback resistor R,. In other words, /= 1,,.

Voltage across R, V, -V, V. -0 V,,,
Now Iill = R = R = pe = -
i i i i
Voltage across R, v _y - -V
and lf = = = f s our _ 0 Vnut = our
Since If = I, _vnur =ﬁ
mn Rf R
% R
Voltage gain, A, = -2 —=__/
Vo R
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25.15 Operational Amplifier (OP- Amp)

Fig. 25.38 §hows the block diagram of an operational amplifier (OP-amp). The input stage of an OP- amp is
a differential stage followed by more stages of gain and a class B push-pull emitter follower.

P mm e AN s
! |
! I
o——:— _._l'_o
! MORE CLASS B .
v oo DIFF STAGES PUSH-PULL | !
8 AMP OF EMITTER | Vout
I
: GAIN FOLLOWER | !

Fig. 25.38

The following are the important properties common to all operational amplifiers (OP-amps):
(i) An operational amplifier is a multistage amplifier. The input stage of an OP-amp is a
differential amplifier stage.
(i) An inverting input and a noninverting input.
(fii) A high input impedance (usually assumed infinite) at both inputs.
(@) A low output impedance (< 200 Q).
®) A large open-loop voltage gain, typically 10°.
(") The voltage gain remains constant over a wide frequency range.

Vi) Very large CMRR (> 90 dB).
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Operational Amplifier
An operati ns as
R . : 5
o 1 a-mpl.lﬁcr (QP-Amp) IS a circuit that can perform such mathematical operatio
add b action, integration and differentiation,

X 351 show .
sitises ammsiﬁ(::s'rh the block diagram 9f an operational amplifier. Note that OP-Amp is a
CE amplifier. ang ﬁnaﬁ th;;e stages are : differential amplifier input stage followed by a high-gain
y the output stage. The key electronic circuit in an OP-Amp is the

differential amplifier. A diff ; ;
. . erential amplifier (DA ] ) ;
difference between these two Ny (DA) can accept two input signals and amplifies the

o—T—
| ORE CLASS B I
v, 1 Py STAGES PUSH-PULL | !
| OF EMITTER | vout
: GAIN FOLLOWER !
o - L
I
| ]

I I
o g e
Block diagram of OP-Amp

Fig. 25.1

The following points may be noted about operational amplifiers (OP-Amps) :

(i) The input stage of an OP-Amp is a differential amplifier (DA) and the output stage is
typically a class B push-pull emitter follower.

The internal stages of an OP-Amp are direct-coupled i.e., no coupling capacitors are used.
The direct coupling allows the OP-Amp to amplify d.c. as well as a.c. signals.

high input impedance (ideally infinite) and very low output
impedance (ideally zero). The effect of high input impedance is that the amplifier will
draw a very small current (ideally zero) from t.he signal source. The effect .of very low
output impedance is that the amplifier will provide a constant output voltage independent

of current drawn from the source.
(iv) An OP-Amp has very high ¥open-loop v
. back. Itisb the open
ated with negative feedback. It 1s because e open-
Y e OP-Amps are almo% B h and we can sacrifice the gain to achieve

. . . hig
loop voltage gain of these amplifiers 18 Very ' foachiey
the advantgagfs of negative feedback including Jarge bandwidth (BW) and gain stability

(i)

(iii) An OP-Amp has very

oltage gain (ideally infinite); typically more than
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n-bit conversion in just n-clock periods. The heart of the

L circuit is an 8-bit successive approximation register (SAR)
its output is apphed to an 8 bit D/A converter. The analo g

; output of the D/A converter is then compared to an analog
| input 51gnal by the comparator. The output of the
comparator is a serial data input to the SAR The SAR

~ then adjusts its digital output until it is equlvalent to a.nalog»
" input. The 8-bit latch at the end of conversion holds onto

the resultant digital data output. The circuit words as
- follows. A W

the MSB dl'= 1, with othe_r' bits to zero. So the trial code

g = Figure shows a successive approximation type of
A/D converter. It uses a very efficient strategy to complete

‘With the arrival of the'START command, the SAR sets
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