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designing an active circuit. As active dovices can be onsily fabri wn i T
ble to get rid of the inductors altogother. o 14.1 has ¢ | y boon #ho o liko 0
The monolithic IC form of the simple cireuit of FiB: 1¢ " atos @ it compt not own in
14.2 (e). Another example is shown is Fig. 14.3A which incot l“t’(“r 9, Tho clre I‘ i
diode (D), a resistor (R), an npn teansistor (1), and 0 m!?nu qA (b). [golatio w(v;ihupn

Fig. 14.3A (a) whose monolithic IC layout is dopicted in g st nogative v
components is achieved by connecting thep-type substrate to thu.mf & b
junctions separating the components are then reverse binsed, offering
higher than 10 MQ.

14.4 LIMITATIONS OF ICs
(i) Very small resistors (less than a fow ohms) and very large re
meg ohm) cannot be obtained by the 1C technology-
(ii) Large capacitances (greater than 200 p¥) cannot be
(iii) Inductors and transformers cannot be fabricated in the IC.
(iv) The tolerance of the IC passive components is large (typicall
(v) The IC components are voltage-sensitive and have large tempe
(vi) The performance of the p-n-p transistor is poor.
(vii) The power dissipation capacity is small.
(viii) The high-frequency performance of ICs is limited by the p
o With the progress in technology, some of these limitations are expected
ture.

sistors(ui' the order of

produced.

y 4 20 per cent).
rature coefficients.

arasitic capacitances.
to be removed In

14.5 OPERATIONAL AMPLIFIERS

The operational amplifier (abbreviated OP AMP) is the best known example of a general-pur-
pose linear integrated circuit. The IC OP AMP was developed by Robert Widlar in 1964. Basi-

cally, the OP AMP is a direct-coupled high-gain differential-input amplifier. The significance
of the term ‘operational’ is that the OP AMP can perform mathematical operations such as
summation, subtraction, integration, and differentiation. Such operations are important in
analog computers. In addition, the OP AMPs can be used in signal amplification, wave form-
ing, servocontrols, impedance transformation, active filters, oscillators, voltage regulators, ana-
log-to-digital and digital-to-analog converters, to mention but a few. 1C OP AMPs are useful in
communication equipment, instrumentation, and data processing.

The advantage of OP AMPs is that negative feedback can be applied. The performance of
the OP AMP with negative feedback is controlled by the feedback elements independent of the
characteristics of the transistors and other elements that constitute the OP AMP. As the feed-
back elements are usually passive, the circuit operation is very stable and predictable. The IC
OP AMPs are inexpensive and have temperature stabilisation. The user of the device need not
know the detailed internal circuit configuration of the OP AMP. He simply needs to be ac-
quainted with its terminal properties, so that by connecting external circuit components he can
use the OP AMP for a specific purpose.

5 ag:;c:l: S)ETbOI': Fllgu(re 141;4 ;hows the circuit representatio.n of an operational amplifier.
t put terminals (markeda and b) and one output terminal (markedc). Terminal a is

known as the inverting input terminal and is labelled ‘" The significance of the negative sign is
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| the terminal @ appears at the terminal

that a signal applied at : is called the noninverting
g : d. Terminal bis calle ,
¢ withits polarity reverselabelled ‘4’ A signal applied to the

1 terminal and 18 . '
;’:fnlgnaelrb appears at the terminal ¢ with the §ame pola;xt;ly,
The output voltage at ¢ 1S proportional to the difference of the

two signal voltages applied at the Fwo %npu't tetrhmmzt
simultaneously. The constant of pr(_)portlonaht_;y gnvza: : eo;;eal | A, ;
loop voltage gain (A) of the operational amplifier. A is .a; ; Flg. 1414 Girey oy

constant, and for an ideal amplifier A approaches infinity for basic OP App, oy

all frequencies.
The power supply voltages whlch a
to the terminals d and e. The termina

circuits.
OP AMP Characteristics: The ideal OP AMP has the following properties:

1. An infinite voltage gain.

2. An infinite input impedance.

3. Zero output impedance.

4. An infinite bandwidth.

5. Characteristics not drifting with temperature.

6. Perfect balance, i.e. the output voltage is zero when equal voltages are applied t, the
two input terminals.

For a practical OP AMP, the dc or the low-frequency voltage gain is typically 10° to 106
!’he bandwidth is finite, the voltage gain being constant up to several hundred kilohertz an
then decreasing with increase in frequency. The input impedance is between 150 kiloohm ang
a few hundred meg ohm. The output impedance lies in the range 0.75 to 100 ohm. The pract;-

ca.l OP AMPs do not have a prefect balance and their characteristics also change somewhat
with temperature.

. Common-mode rejection ratio. An OP AMP is basically a differential amplifier with *
s1gna'l voltages v, and v, each measured with respect to ground, applied to the noninverting
terminal b gnd the. inverting terminal a respectively (Fig. 14.4). The output voltage appearing "
at the terminal ¢ is vy, measured with respect to ground. In practice, the difference signal

re usually balanced with respect to groun , fe

Is d and e are, however, often omitted ip ¢ Ppligg

Chematic

vy (= v, - v,) an_d also the average signal, called the common-mode signal v ( SR ] are
: amplified to produce the output voltage. We have :
bis grounded. Now

S0 QAN il
|

1
S (14.3)

L= T
0= 9 4, '2)Pd+(A1+A2)vc=AdUd+AcUc (14.4)

- = -.\M
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1 (14.5)

and A=A +A,
A, is the voltage gain for the difference signal and A, is that for th
In the ideal case, A is infinitely large while A_is zero. In practice, th

ideal, and a figure of merit, called the common-mode rejection ratio (C
has to be introduced. It is defined by

e common-mode signal.
e situation is not truly
MRR) of the OP AMP

Arl

CMRR = (14.7)

Since A, needs to be large and A very small, the amplifier must be s0 designed that the
CMRR is much larger than unity.

Offset error voltages and current: An ideal OP AMP is perfectly balanced, 1.e. Vg =‘0
when v, = v,. In practice, an OP AMP shows an unbalance due to a mismatch of the bull.t-m
transistors following the inverting and the noninverting input terminals. This mismatch gives
unequal bias currents flowing through the input terminals. Thus an input offset voltage has to
be applied between the two input terminals to balance the output.

The input bias current is half the sum of the individual currents entering the two input
terminals of a balanced amplifier [Fig. 14.5(a)]. The input bias current is

lgp = %23 when v, = 0.

The input offset current i, is the difference between the individual currents entering the

input terminals of a balanced amplifier [Fig. 14.5(a)]. Thus

Lio =2py— Ly when v, =0.

0 [ G Voo
y (b) %
Fig. 14.5 (a) Input offset voltage (b) Output offset voltage.

The input offset voltage v, is the voltage to be applied between the input terminals to
balance the amplifier [Fig. 14.5(a)].
The output offset voltage v, is the voltage at the output terminal when the two input
terminals are grounded [Fig. 14.5(b)].
" Practical OP AMPs have arrangements to balance the offset voltage.

146 CIRCUIT OF AN OP AMP

s circuit of a general-purpose monolithic IC OP AMP is shown in Fig. 14.5A. The high input
impedance is provided by the Darlington connection of two npn transistors. There are two
‘erential gain stages; the output is taken from a single-ended emitter follower. The transis-
T, and T, are identical; so are the transistors T; and T',. Also,R, =R,. The errors from the
rmal drift are reduced, since the corresponding components of each pair are affected almost
ually owing to their close spacing in the IC chip.

Scanned by CamScanner




292 | Electronics—Fundamentals and Applications
—0 4+ 15V
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R E
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Output
a b A p
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+—— — 15V

Fig. 14.5A Circuit of an IC OP AMP.

Let the inverting input terminal a be grounded and a small positive voltage v, be applieq
to the noninverting input terminal b. This will drop the potential of the point M, so that T, will
conduct more. The potential of the point N increases consequently. The transistor 7 .—'nu-;,-
conducts less, so that the output voltage (at the terminal ¢) becomes more positive. Th;; a
signal applied to b appears with the same polarity (though amplified) atc. If A, isthe voltage
gain, the output voltage is vy =A,v,. Sincev, and v, have the same polarity, A, is positive

Now, letb be grounded and a small positive voltage v, be applied toa. The point P becomes
less positive, so that T, conducts more. As a result, the potential of the point @ falls and T,
conducts less, The potential of N thus becomes more negative, so that 7', conducts more. The
potential of the output terminal ¢ thus falls. So, a signal applied to @ appears in an amplified
form with its polarity reversed at c. If A, is the voltage gain, we have for the output voltage,
vy =A, v, Sincei,and v, have opposite polarity, A, is negative.

When v, and v, are simultaneously applied to b and a, respectively, the output voltage
can be written as Vo = A, + Ay, which is Eq. (14.1). Ideally, A, = - A,, so that we obtain
vy =0 for v, = Uy

AC equivalent circuit of an OP AMP

The AC equivalent circuit of an OP AMP is shown in Fig. 14.5B. The input resistance between
the inverting input terminal and ground is R, , that between the noninverting input terminal

Fig. 14.5B AC equivalent circuit of an OP AMP - (a) practical, (b) ideal.
- and ground is R,,, and that between the two input terminals is R,. All the three resistances R,

e

» and R; are typically very high. The output voltage is the amplifier gain A multiplied by the

¥
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j A, (14.6)

A ls the voltage gain for lhﬂ rlil'furt'nce signal and A_is that for the common-mode pignal.
the fdes %‘ !a infinitely large while A_ig zero, in practice, the gituation is not truly

f merit, called the comnion-mode rejection ratto (CMRR) of the OF AMP
{
needs to be Inrge and A, very small, the amplifier must be so degigned that the :

A, e . (A -AY

CMRR = | A

————

(14.7)

mﬂ Tt ik dofined by
e _ wch Targer than unity
Yfset error voltages and current: An ideal OP AMP in perfectly balanced, i.c. v, = 0
3 = 0, Inpractice, an OP AMP shows an unbalance due to a mismateh of the built-in
< following the inverting and the noninverting input terminals. This mismatch gives
ents flowing through the input terminals. Thus an input offset voltage has to
iween the two input terminals to balance the output.

s current is half the sum of the individual currents entering the two input

Wﬂm«d amplifier [Fig. 14.5(n)]. The input bias current is

by = -"-1—2-13-, when v, = 0.

Whe tnput offset current i  is the difference between the individual currents entering the
e e uslance: amplifier [Fig. 14,5(a)], Thus

bio = Lyy = b3, when v, =0,

| lig -
' o |
. vm - + vo ] 0 [ >_—‘vm }‘
! I ]m : l .l

(a) b (b)

Fig. 145 (a) Inpul affsel vollage (b) Outpul offset voltage,
the voltage to be applied between the input terminals to
4o

is the voltage at the output terminal when the two in put
14"&];11

\ Fig. 14.5A. The high input )
_._:,_* o{ Wo npn t:ans:sturb There are two |
single-cnded er _itter follow(,r The transis-
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294 2 through the virtual grounqd_ g
AMP being infinite, no current can flow into the OP AMP g £
a?ri?tf;al ground cannot serve as a sink for cutl'rent.
¢ The current i through the resistance R, 18
Uy =v (14'5)
R,

' ' ideal o
Assuming that the OP AMP is an1 ' .
i passes through R, and not into the OP AMP. Kirchhoff

=

: infinite input impedance, the current
th an infinite inpu : i
Ay s current law at the point G gives

v, - _U-1Up /v
R, R
es to
As the point G is a virtual ground, v = 0. Hence Eq. (14.9) reduc
L e (14.10)
R, R

The ratio of the output voltage v, and the .input voltage v, is the closed-loop gain of the
amplifier. So, the closed-loop gain of the inverting amplifier 1s

v __ B (14.11)
U1 3 R,

Thus the closed-loop voltage gain is the ratio of the feedback .re.sistance R[ to the input
resistance R,. The negative sign signifies that the output voltage is inverted with respect to
the input voltage.

The input resistance of the amplifier system is

AT V1 e ;1
R"""T_(zh-v)/Rl R, (14.12
using Eq. (14.8) and noting thatv = 0. It should be noted that R, refers to the entire amplifier
system and not to the OP AMP which has an infinite input impedance. The output resistance
of the inverting amplifier is very small.

2. Phase shifter: Let the resistances R, and Rf in the circuit of Fig. 14.6 be replaced
respectively by the impedances Z, and Zf which have equal magnitudes but different phase
angles. Hence

vo __%r __|Zr|exp(j6y) :
v 2y |ZyJexp(jo,) P bl oty

Since |Z,| = |Z,| and exp (j 1) = — 1. The angles 6, and 6, are respectively the phase
angles of Z and Z,. Equation (14.13) shows that vy leads v, by (n + 6 =06,),but | v, | =| v, |.
Obviously, the circuit shifts the phase of a sinusoidal input voltaée leaving itsomagnittllde
unaltered. The phase shift can be anything between 0° and 360°.

3. Scale changer: Let R;/R, = K (a real constant) in the circuit of Fig. 14.6. The output
voltage can be written as

R /O (14.14)

inverting amplifier can then serve as a scale changer. A low voltage can be accurately measured
by amplifying the voltage by the scale changer and dividing the amplified voltage by the scale
factor.

i e -
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4. Noninverting amplifier: Figure 14,7 do- A,
picts the circuit diagram of a noninverting amph-
ger. The input \\'olmgq v, 18 applied to the L
nonin\'el'tillg‘ tlf"“_‘“}“lv Since the voltage gain of ;
the OP AMP is infinite, the potential of the point ¢ 2 a6
jgalsovy. The current flowing into the O AMP is V) et
negligible, its input impedance being very large.
Hence, applying Kirchhoft's current law at the point

b

Fig. 14.7 Noninverting amplitier.

G we obtain
- Virh o L
'Rf R, (14.1H)
v R
or 0 w14 (14.16)
Uy [\‘

which is the voltage gain of the amplifier systom. The voltago gain s groatoer {han unity by i
factor R,-/Rl. As the gain is positive, there is no phase difforence between the input vuli‘n;u; 0
and the output voltage v, The input impedance of the cireuit is high and the output impodance
is low.

In the circuit of Fig. 14.7, it R = 0 and R, =, the cireutt
reduces to that of Fig. 14.8. Equ:\{.ion (14.16) shows that the
voltage gain in this case is unity. Therefore, the circuit of
Fig. 14.8 1s referred to as a unity-gain buffer or a voltage

- follower. This circuit offers a high input impedance and a low
output 1mpedance, and therefore can be employed as an
impedance matching device between a high-impedanace source
and a low-impedance load.

5. Adder or summing amplifier:
Figure 14.9 gives the circuit diagram of an adder
or a summing amplifier. The same reasoning
as in the case of the inverting amplifier shows
that the point G is a virtual ground, i.e. Gis at
ground potential. The input impedance of the
OP AMP being infinite, the sum of the currents
Igy gy s i, will be equal to iy, by Kirchhoff's
current law. That is,

il+i2+...+i."=i0
SEvo) Fig. 14.9 Summing amplifier

_ Ry R, R,
or Vo=—| =yt -Vttt 5= Uy (14.17)

“ R Ry R,
,lu,‘.:"f}ijl = R2 =.. =Rn =R, Eq. (14.17) gives

m iy R
B E vo=——é'-r- (v +Up* .. +v,) (14.18)

3 .i_i:h R,= R, Eq. (14.18) reduces to
: Vo ==(uy + Uy + ... + V). (14.19)
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cally equal to the algebraic sum
d a summing amplifier or an
utput voltagev, is measured
ely by dividingv, by R, /R,

This equation shows that the output voltage v, is numeri
of the input voltages v, v,, ..., v,. Hence the circuit is terme
adder. If the algebraic sum of the input voltages is very small, the o
with R, >R. From Eq. (14.18), the desired sum is obtained accurat

6. Differential amplifier: A differential (or differ-

ence) amplifier amplifies the difference of two voltages. A
Figure 14.10 shows the circuit diagram of a differential ) -
amplifier. Suppose that the difference between the voltages : I3 Yo
v, andv, is to be amplified. The voltagev, is applied to the  Vi© b
noninverting input terminal and v, to the inverting input

terminal of the OP AMP. The output voltage is v,. The

voltage gain of the OP AMP being infinite, the points a

and b will have the same potential, say, v_. Applying

Kirchhoff’s current law at a and b, we obtain respectively =

sy o U (14.20) Fig. 14.10 Differential amplifier.
R, R,

and 270 U (14.21)
R, R,
where we have assumed that the input impedance of the OP AMP is infinite. Subtracting Eq.
(14.20) from Eq. (14.21), we get
Uy = % (vy-v,)

Thus v, is the amplified version of the difference voltage (v, —v,), the voltage gain of the
amplifier system being R./R,.

7. Oscillator: Owing to its high gain and
wide bandwidth, the IC OP AMP can be used in
oscillator circuits. Figure 14.11 shows the cir-
cuit diagram of a phase-shift RC oscillator us-
ing an OP AMP. The RC network is connected

at the output of the OP AMP. The resistance
R, of the potentiometer is greater than R. Also,
the feedback resistance R, is greater than R, to
achieve a proper voltage gain of the inverting ! i ] , _
aTiri systim. The potentiometer slider is Fig. 14.11 Phase-shift oscillator using OP AMP.
adjusted for unity loop gain. Sustained oscillations at a frequency determined by the network
parameters can then be obtained.

The use of an OP AMP as the active element in the Wien-bridge oscillator circuit is shown
in Fig. 14.12. The oscillation frequency is f; = 1/(2n RC). The principle of oscillation has been
discussed in detail in Chapter 11. From Eq. (11.58) we find that the voltage gain A of the active
element must be 8, where 3 (a positive number greater than 3) is given by Eq. (11.54).

8. Differentiator: The circuit of Fig. 14.13 gives an output voltage v, which is propor-
tional to the derivative of the input voltage v, with respect to time. Therefore, the circuit is
termed a differentiator. The infinite voltage gain of the OP AMP makes G a virtual ground.

The charge on the capacitor C is therefore g = Cv,

q
hW=4r (14.23)

or c

(14.22)

f a : , —
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-0 VY

Fig. 14.12 Wien-bridge oscillator using OP AMP.
Differentiating with respect to time, we obtain

GHTeRda 3 i (14.24 —“VMW—}R
i, d Cdt C = C gl
where i is the current flowing through the capacitor. Since § 1t L_o v
the input impedance of the OP AMP is infinite, the current i T + 4
flows through the resistance R also. Therefore, i = —v /R, so i
that Eq. (14.24) gives +
vy,=—CR Eidﬂl_ (14.25) Fig. 14.13 Differentiator,
; :

Obviously, the output voltage v is proportional to the time derivative of the input voltage
vy, the proportienality constant being — CR.
9. Integrator: If the positions of R and C in the circuit C

of Fig. 14.13 are interchanged, the resulting circuit, depicted 2 F gl
in Fig. 14.14, is an integrator. As the gain of the OP AMPis v, O——AMA™ g
infinite, the point G is a virtual ground. The current i flow-

ing through the resistance R is i = v,/R. The input imped-
ance of the OP AMP being infinite, the current: flows through

the feedback capacitor C to produce the output voltage v, Fig. 14.14 Integrator.
Therefore,

1t 1
Bl R _ 14.26)
v, C jozdt CR U1 dt (

The output voltage v, is thus proportional to the time integral of the input volt_age v, the
Proportionality constant being —1/(CR). Hence the circuit is referred to as an integrator.
Integrators find applications in sweep or ramp generators, in filters, and in simulation studies
in analog computers. _

10. Voltage-to-current converter: If the output current of a device is propox;tmnalh to
1ts input signal voltage, the device is called a voltage-to-current converter. The noninverting
amplifier circuit of Fig. 14.7, redrawn in Fig. 14.15, can serve as a voltage-to-current converter,
the load resistance R, replacing the resistance R ¢ If i} is the current through R, , we have

i
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the potnd G having the fpod voltage o) due (o e b ) - ‘ \
(E] A0V,

nito gadn of the O AME, Obsarve Chink e ourend £ ‘ a
doen not depend on the Tond rertatnnos Ry i e pro Vi@ A

portional to the tnpat voltage o Volbigo-toseareant con

varters are vaod i analog-(o n\luihn convertors and in Fig, 14,18 VollageAo-ourfent Gonvertey
driving the deflection cotln of enthode ray (ubes in tel
ovinion,

L Cuevontdosvoltage converier H the oul
put voltage ot a dovice t proportional ot fnput slgnal
current, the devico tu termod a current-do-voltage gon
vertor, Figure 14,16 shown the efreabt dingeam of a cur
ront-to-voltage convertor, The fnput slgnal corvent /,
can bo provided by the output eurrent (ndapendent of
the load) of'a photocell or n photomultipler tube, Sinee 1448 Ourrentito-voltage
the point ' sorves as o victual ground, the current Fig. 14. “m‘w""m
through tho rosistance R, munt be zoro, The whole in ' '
put signal curront i flown through the feedbnek rosiptor h',, Lo produce the output voltage Uy We

have

i,

Vo= =i, R, (14.,28)

Thus the output voltage vy i proportional to the input current ¢, the proportionality
constant being i,

12, Logarithmio amplifior: If the foodback resistor 1, in the cireuit of Fig. 14.6 is ro
placed by a diode, we obtain o logarithmie amplifter giving an output voltago v, that changes ng
the logarithm of the input voltage vy The eireuit of o logarithmic amplifier is shown in Fig,
1417,

The volt-ampere characteristic of the diode is given by Eq. (5.5), viz,

!
uffrriet—
H,
€]

L w | oxp A 1
{ m (8} .o
: ‘ \ nk,T |

Heoro 7 18 the diodo current for the forward voltage

vy Ife v,../ M Ay T') >> Lor, i »> 1, wo have V) Qe
: ey - Vu
1=l oxp il -
|]k"T
] eV
or | et
g (.I,, ) kT
kol : Fig. 14.17 A logarithmic amplifier for
Ny b
or, U= ‘ In (1 ) positive Input voltage V.
H

Since G is a virtual ground in Fig. 14.17, we have i vy/R, and the output voltage is

nka Ul
Vo= om- 8] e |
{ 4 ¢ n(IuRl

Hence v, responds to the logarithm of v,,

N Scanned by CamScanner



o "

— mh&mmm,‘y‘ 14.18 operas,
- the negatree half cvcle of the BRusowdal input voltage « ‘P‘;‘Ju
o “'.‘““hmwmdunopmv N&.:‘I;‘“' |
e .--h-d So, D, is ON and D, is OFF Neglecting the diode
g km-m--a,m, Thus v, = <RJ/R ) v The amplified
’pﬂ\nm\nm 14.19
. eemitive half-cycle of v, D, is OFF and D, is ON. Again neglecting the diode
~ find 5y = 0 (because the feedback through D, gives a virtual ground at the
M,&Wp‘mhﬂf-“nmhﬁcﬂlm Theimpertlﬂfeltun’:sare
N an occurs together with rectification and that rectification is achieved at

circuit can also be obtained using OP AMPs and diodes. The details

o

t W;"‘f

D, OFF|D, ONj

o, oMD;OFF|

'f\{

w¥ >
I .‘- ' ﬂ = 2z — ! >
"r.: “r-'

Fig. 14.18 A half-wave rectifier. Fig. 14.19 Waveforms of v,and v,

detector: In the peak detector circuit (Fig. 14.20), if the input voltage o, 1s

arger than tk thdtageo,theOPAMPoutputvolmgevispositive. Hence the diode D
18 ’ biased and it conducts. The circuit now acts as a voltage follower, so thatv = v, and
: - ' C'tdmrgedbytheampliﬁeroutputcurrentthmugththevoltager:i. Ko, now
: hwwttagen,ﬁ\eOPAMPoutputvoltagevisnegativeandthediodeD
’.'Bnmadtnrcannotdischarge,andholdsatanymaantofdmetthemostpﬁﬁve
he input voltage v, prior to ¢ (Fig. 14.21). After the operation, the circuit is reset by
connected across the capacitor. The MOSFET acts as a switch

g

14. P
2. &8

Yo

+ /
oA ili>
A A )

Fig. 14.21 input and output voltage waveforms.

cdmmbr(udmplyawnmm)isadewicewed
output of the mpaniﬂ'inﬂimhswhi&ﬁﬂ:e

4

Scanned by CamScanner



ad A ppliealtn®

NN) NI L Ifumhmuum" "
04

WP volbige b Larger, and arothios output ’“‘u,ﬂ:::‘:: ' ¥, {
the ot mput valtage s lrgor. An ov .t",,:;, Jemofs ‘1 ‘

Wl ne @ comparator by operating " ”:‘”,’: ,j,,..pmad N “
vondition and applylng the two "’"",‘;‘ u'll i the vlt - ’
o the inverting and the umm:‘f;';‘::'%u; ‘,",’ ) alightly wx Y 71

age Lo the noninverting iepd il (0y); ,

ke Lo tho noninverting IIEC g put tarminal (V) 0

coods the voltage te the Inve ) pomilive

(ohyos Lo the maximumm '
e S AM“"“:«'.“:;‘:: uo ( alightly groator than Uy pig, 1421 () A0 O MM s penme ey
outpul voltage ¥ # d e aximum negative outpul

g to the max
' %Pﬁ?l‘amnviuur renults from the very Inrye Vil
Wlu,::op- ain, and (s illustrated in Fig. 14.6C, The ouls Vinlfe ===~

o further clarify the behaviour of the comparator

we show in Fig. 14.210) an open-loop Ql‘AMP wu‘t/h |

supply voltages +V and -V, A de source of voltage + ,i vV

is connected to the inverting input and a ngnumnflu

voltage v, = V,, sin of is applied to thg nomnver‘tlgz -/,,T ' .

input (V'> V> V). Figure 14.21() digplays the o1 -

comparator output voltage v, The output voltage vy _V

switches to +V whenever v, exceeds V. v, stays at Vas Fig, 1421 () Inpus 30 088 sotes

long asv, >V, Whenv, drops below V},, the comparator b et

output switches to -V. gl ‘ -
Sometimes the inverting or the noninverting input berqnnal is grounded. The f:,...,,; S

then acts as a zero-crossing detector. If the inverting input is grounded, the‘r;uzp ut voltzge o,

switches to the maximum positive voltage V when the voltage v, to the noninverting inp=: o

slightly positive. When v, is slightly negative, v, switches to -V. If the noninverting input =

grounded, the reverse action takes place.

14.8 THE SCHMITT TRIGGER

With a positive or regenerative feedback, an OP AMP circuit can
be constructed to switch from one voltage level to another, show-
ing the phenomenon of hysteresis or backlash. Such a circuit is
called a regenerative comparator, or more commonly, a Schmitt
trigger after the original developer of the circuit using vacuum
tubes. -1
An OP AMP Schmitt trigger is shown inFig. 14.21A. The
input voltage v, is applied to the inverting terminal, whereas
the feedback voltage v, is applied to the noninverting terminal. o
From the superposition theorem we get
__wR |, VR, Fig. 14.21A An OP AMF
Ifv, is small or negative such thatv, << v, then the amplifier will saturate givi 4
where V; is the positive saturation volte;ge. Sﬁ, 8 - amvinesy =V,

_VaR VR
Uf— R1+R2 +R1+82 =Vl(s‘ay)'

vV,

=
24
=
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‘ Electronics—F undamentils and ApPP
PE.
= 2.076 V. Note that these trigger voltages are prissass; e

vy
voltage V. :
: . <44 tri <5 to transiorm 2 Slowly v; ‘

An important application of the Schmitt %ﬁ%i@ﬂi signzl 1 u‘;—:l? Ty
voltage into a square wave vo]tageszb”,“t”"'m oxtends beyond V, zand V. o™ &2
plotted against time ¢, This signal is SrbraY W2 50 ete ¥, 2mE 5 -7,
voltage v, swings abmpﬂyt""VA wben e of peak valnes <V & Wie,

voltage is thus a square wave ol P=2 =SV, and g

drops below V,. The output !
independent of the amplitude of the input voltage. k. .
wmparatorbemmwmmw PETES 20 TP Vit uy

itt trigger is 2 -
I gt for the output voliage to swing bebw=em —¥, ZnC 1, F g,

the trigger levels V; and V; . o= i - .

regenerative comparator because it employs positive or regener=tive foedback

om v" uu— "Ir.

When a practical OP AMP is connected as an a_mphﬁ'wnia 2 :ﬂnset? Joop £Ein. SE¥. 2 iy

input de voltage of 1 volt is applied, the output voliage isexpectad o be A voll. 1 oractre fhe
ttain the final valee of 4_wali, bat takes Somme TmE oteach

output voltage does not at once a
oI ZhENgE O e

owing to the inherent internal time constants of the OP AMP. Thes Tme rai=
closed-loop amplifier output voitage is called the slew rafe of the OPANP. | = = firme

merit, measured in volt per microsecond. A typical valee of the slew rat= for 2 monalish:
OP AMP is 1 V/us.
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