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Basic Op-Amp
The basic circuit connection using an op-amp is shown in Fig. 1. The circuit shown
provides operation as a constant-gain multiplier. An input signal, V1, is applied
through resistor R1 to the minus input. The output is then connected back to the same
minus input through resistor Rf. The plus input is connected to ground. Since the
signal V1 is essentially applied to the minus input, the resulting output is opposite in

phase to the input signal. Figure 2a shows the op-amp replaced by its ac equivalent
circuit. If we use the ideal op-amp equivalent circuit, replacing Ri by an infinite
resistance and Ro by zero resistance, the ac equivalent circuit is that shown in Fig. 2b.
The circuit is then redrawn, as shown in Fig. 2c, from which circuit analysis carried

out.

Fig. 1
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Inverting Amplifier

The most widely used constant-gain amplifier circuit is the inverting amplifier, as
shown in Fig. 14.15. The output 1s obtamned by multiplying the mput by a fixed or
constant gain, set by the input resistor (R,) and feedback resistor (R)—this output
also being 1nverted from the input. Using Eq. (14.8) we can write

K
I

Noninverting Amplifier

The connection of Fig. 14.16a shows an op-amp circuit that works as a noninverting
amplifier or constant-gain multiplier. It should be noted that the mverting amplitfier
connection 1s more widely used because it has better frequency stability (discussed
later). To determine the voltage gain of the circuit, we can use the equivalent repre-
sentation shown in Fig. 14.16b. Note that the voltage across R, 1s V/; since J; = 0 V.
This must be equal to the output voltage, through a voltage divider of R; and Ry, so
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@ Summing Amplifier

Probably the most used of the op-amp circuits 1s the summing amplifier circuit shown
in Fig. 14.18a. The circuit shows a three-input summing amplifier circuit, which pro-
vides a means of algebraically summing (adding) three voltages, each multiplied by
a constant-gain factor. Using the equivalent representation shown in Fig. 14.18b, the
output voltage can be expressed in terms of the inputs as
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culate the o tpt voltage of an op-amp s m]jmng amplifier for the following sets EXAMPLE 14.5
voltages and resistors. Use Rp=1MQ mall ¢

V=+1VV +2VV +3V. R, SUOkﬂR 1 MQ, R; =1 M.

Vi==2V, V=43V, V3=41V, R; =200 k), R, =500 k0, R; = 1 M().
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Using Eq. (14.11):

1000 kQ 1000 kQ 1000 kQ
[—(+ V) + (+2V)+ — " (+3 V)]
500 kQ 1000 kQ 1000 kQ
= RAV+1CV+13V)]=-7V
1000 kQ 1000 kQ 1000 kQ
b)) V, = —[ (—3V) £ (43 ¥+ (+1 V)Zl
200 kQ 500 kQ 1000 kQ

= —[5(—2V)+2B3V)+ 11 V)] = +3V
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Integrator
@ So far, the input and feedback components have been resistors. If the feedback com- @
ponent used 1s a capacitor, as shown in Fig. 14.19a, the resulting connection 1s called
an integrator. The virtual-ground equivalent circuit (Fig. 14.19b) shows that an ex-
pression for the voltage between input and output can be derived in terms of the cur-
rent /, from iput to output. Recall that virtual ground means that we can consider
the voltage at the junction of R and X to be ground (since V; = 0 V) but that no cur-
rent goes into ground at that point. The capacitive impedance can be expressed as

The expression above can be rewritten 1n the time domain as

vo(t) = _R—IC f vi(1) dt
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% where s = jw is in the Laplace notation.  Solving for V,/V; yields
@ j=£=_VO=_V0=—SCVO
R X UsC
o ol
g v, sCR
&
&
&

ok -k -al -8 ok -5k 5L 58 3R -f -3k 58 -l 51 38 -l 58 -8 5L -

E 4 | Real Time Systems Design Lecturer: Ahmed A. Radhi 2015-2016

GOLOHOLHOLOHOLOLOOLHLHLOLOHE



©HHHHHOLHHOLOLBOLHHOOHDH

Gy — G
Gy . G
Gy | 6
6ulco= ?&g - oy 6
6 Op-am —— 0,0 NRICI) 6
Cy + Ve @
& L &
Gy o
Cy C
Cy . &
Cy R, c C
& 20—V 6
® .o~ | - 6
© & &
6 Vs () —AWV Op-amp v &
Cy . Cy
Cy ‘ C
c * c
6 -0- _{Ric j V() df + RiC f va(t) di + RiC f v3(0) dr}@
6 Ahmed A. Radhi ‘ 6
666666666666666666



OOLOLOLHOHOHLODLOLHLOLHOOLE

Real Time Systems Design Lecturer: Ahmed A. Radhi 2015-2016

|

R, =200 kQ C=1uF

_%

R, =100 kQ

I

R;=1MQ

)

]
£
s

<pk o8 -3k -5k 38 oL -8 -8 -5f -5F oL )

@ Differentiator

A differentiator circuit is shown in Fig. 14.22. While not as useful as the circuit forms
covered above, the differentiator does provide a useful operation, the resulting rela-
tion for the circuit being

NN
W

dvl(l‘)
dt

000

o8 - .| v()=-RC

Op-angs —_—
r +

where the scale factor 1s —RC.
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6 Example :Determine the circuit to produce the output voltage given by
V,=-V-10V, + I/ +10V,.

“ o 1
v, o 10 v,
i o L >_1
v o 10
50kQ2 50kQ2
Vio AN
5kQ
V2o AN/
50kQ2 50k

io—ANN
ng

Multiplication by a Constant ; Reference Voltages

The coefficient potentiometer (pot) is a voltage divider which allows the output
voltage to be some fraction of the input voltage. A pot thus has a gain of less
than unity. The electrical circuit diagram and analog computer diagram are
shown in Figure . The transfer characteristic is given by

a0 58 43R <k 38 58 -l -5F -5k -8 -8 43R -5k 38 -1 -k 3R 5L -
Lk - ol -k ok 3R 5L 58 -k -F 38 58 -l 51 -3k -l 58 -0 -5F -5F 3L )

(1.16
Vin Vo
(a)
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Example : Determine the analog diagram and circuit to implement the
V, =-0.35V,+5.24V, + 2.6.
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Example : Determine the analog diagram and circuit to implement the
equation
d X

4+ 05—+x 4, x(0)=0x(0)=1.
dt

~[-x(0)] -[x(0)]
-10v

O =

—
S
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Logarithmic circuit

« There are two basic circuits for logarithmic amplifiers

* (a) transdiode and
* (b) diode connected transistor

<« Most logarithmic amplifiers are based on the inherent
logarithmic relationship between the collector current, Ic, and
the base-emitter voltage, v, ., in silicon bipolar transistors.

R,

KO_W_XGZ—"O‘V'O_/V\A' e

Xab &
The mput voltage 1s converted by R/ into a current, which then flows through

the transistor's collector modulating the base-emitter voltage according to the
mput voltage.

< The opamp forces the collector voltage to that at the noninverting input, 0 V
<« From Ebers-Moll model the collector current 1s
_ qVbe/ kT _ Vbe /¥, » Vbe!V,
I .=1I(e —D=1.(e T—1)=1I -e £

where I, 1s saturation current, ¢ 1s the charge of the electron 1.6x10°
Coulombs. k 1s the Boltsman’s constant 1.38x102® Joules, T 1s absolute
temperature, V', 1s thermal voltage.

*
L]

-
1‘0

For room temperature 300°K

I =] (638.6%62 _1) :I _833.6?53

&

< The output voltage is therefore

e L R e L T [—0.0259-111 i ]
I 23 R, Ri-Is
;E] 9 | Real Time Systems Design Lecturer: Ahmed A. Radhi 2015-2016
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# This equation yields the desired logarithmic relationship over a
wide range of currents, but 1s temperature-sensitive because of
V, and Ig resulting in scale-factor and offset temperature-
dependent errors.

« The system bandwidth 1s narrower for small signals because
emitter resistance mcreases for small currents.

» The source impedance of voltage signals applied to the circuit
must be small compared to R1. Omitting R1 yields a current-
mput log amp.

« Using a p-n-p transistor changes the polarity of input signals
acceptable but limits the logarithmic range because of the
degraded performance of p-n-p transistors compared to n-p-n

transistors
Y-
v, ==V, In| —
R

+ The equation for output voltage shows that the scale factor of @
the basic transdiode log amp depends on temperature because of @
V' and

% that there 1s also a temperature-dependent offset because of /.

ol -8 ok f 5L >R -l 5% -f -3E ol -l -y

e

+ Temperature compensation must correct both error sources.

<ak o8 -8 a8 5% -5k 38 ol 58 -l 5% -5k -5k -k oL 58 -k 58 -5F -5f -
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V... = — Ve and I = I, because there is no current at the inverting input.

0

Substituting into the formula for Vi,

V.
Vom =i kl In .
q IgR,

The term kT/g is a constant equal to approximately 25 mV at 25°C. Therefore.
6 voltage can be expressed as

o i
@ Ve = —(0.025 V)In )
©
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R, D,

42V i
100 kQ)

IR
Solution  The iput voltage and the resistor value are given in Figure 14-28.

Via } _ 2V

RAM

= —(0.025 V)In{400) = —(0.025 V)(5.99) = —0.150 V

Vour

I

-k -5k -l -8 3% R 38 58 -8 5% -1 51 -8 3% -8 -3E -0 -8 3% 58 -5F ol -

exponential circuit

< An exponential or antilogarithmic amplifier (antilog amp), performs the
function mverse to that of log amps:

» 1ts output voltage i1s proportional to a base (10, e) elevated to the ratio
between two voltages.

- Antilog amps are used together with log amps to perform analog
computation.
Simuilar to Log Apms there are two basic circuits for logarithmic amplifiers

* (a) transdiode and

* (b) diode connected transistor

R R,

1
—O vV, V.O—:C 0 ¥,

=<

0000000000000 0000000

(a) ()
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+ Interchanging the position of resistor and transistor in a log amp yields a

0000000000000 0000000
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e

basic antilog amp.

+ The base-collector voltage 1s kept at 0 V, so that collector current 1s given by

fc' = Is ' exp(vBE XVT)

» and for negative input voltages we have: V¥, =icR =1R, exp(-v,/V;)
» There 1s again a double temperature dependence because of I and V7.
» Temperature compensation can be achieved by the same technique shown for

log amps.
v Ry Q1 Q2 R,
r Vﬂ
TN TRy
v

+1° | | Rz
;D-W

« The multiplication procedure take three steps:
1. 1. To get the logarithm of a signal voltage use a Log amplifier.

7, =In(r;) and 7, =In(7,)

2. 2. By summing the outputs of two log amplifiers, you get the
logarithm of the product of the two original input voltages.

T,
i
ko8 ok -5k 38 o8 -5k R 3L ol oL -y

V, =V, +V, =In("))+In(V,) = In(V; - V,)

3. 3. Then, by taking the antilogarithm, you get the product of the

V, =exp(V,) =exp|ln(;, -V )|=1; -7,

©
©
two input voltages as indicated in the following equations: @
©
©
©
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< The block diagram shows how the functions are connected to
multiply two mput voltages.

< Constant terms are omitted for stmplicity.

=
|

Log amplifier InV,

Summing In(V, V)

. Antilo
amplifier amp]jfiﬁr — Vi\y
{Adder)
5 Log amplifier InV,
+The outputs of the log amplifier pr—

are stated as follows: ; Ry 4] 1

where K, = 0.025 V, K, = R,
and R = R1 = R2=Ré. Ve

The two output voltages from the
log amplifiers are added and
mverted by the unity-gain
summing amplifier to produce the

L K
fO]lDW}]lE result: Antilog amplifier ; Inverting amplifier
] R
Voml:m) = K] -lnl b Kﬂl +Ir E = AN 3
K, K, &
© "= -

OO

o

-
F

|E- -
E-

—
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