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Explain in detail the basic op-amp internal circuit with a neat diagram and also explain input
and output voltage ranges.

e circuit diagram — 4M

e Explanation — 4M

e input and output voltage range — 2M

8ASIC OPERATIONAL AMPLIFIER CIRCUIT

The basic circuit of an operational amplifier is illustrated in Fig. 1-4 Plus nnd minus
supply voltages (+Voc and —Vee) are provided, and the tw_vo input 'u:rmlnlls are
grounded. Transistors O, and Q; constitute a differential amplifier, which Wmt]_xl
voltage change at the collector of Q; when a difference input _volggc_,ﬁ,.gm!}e"l’r»w_
Bases of O, and ;. Transistor O operates as an emitter-follower to provide. a low

output impedance. As illustrated, the dc output voltage level at terminal # 6 is

V.,= VCC —\V.c—‘ Vm

or Vo = Voc — (IzRc) — Vee a-n
Assume that O, and Q- are maiched transistors, that is they have equal Vs levels

and equal current gains. Then, with both transistor bases at ground level, the emitter () |\

currents are equal, and both I, and I flow through the common emitter resistor,

Rge. The total emitter current could be calculated as

Vie

IE|+I =R£

With O, and Q bases grounded,
V.E = VEE - ‘VIE

Ien + I = V_E___YE (1-2)

Re P
To investigate the circuit operation, assume that Vec = +10 V, Ve = —10V,
Re = 4.7 k2, Rc = 6.8 k{2, and all transistors have Vae = 0.7 V.




Vo=Voc-Vac - Va3

1’
—gVa .

With both input terminals at ground level,

Eq. 1-2, I + Ipp = Re = 47kO
= 2 mA
therefore, Ien = I;; = 1 mA
and Iz = [ = 1 mA
Eq.1-1, Vo = Vec = (Ic2Rc) — Ve
~10V-(1mA X 68kQ2) — 0.7V
=25V

If a Positive-going voltage is applied to the noninverting input terminal, Q, bage i
pulled up by the input voltage, and its emitter terminal tends to follow the input sig-
nal. Since Q, and Q, emitters are connected together, the emitter of Q, is aj,
pulled up by the positive-going signal at the noninverting input terminal. The bage
voltage of Q, is fixed at ground level so the positive-going movement at its €mMitter
Causes a reduction in its base-emitter voltage (Vsez). The result of the reduction ig
Vae: is that its emitter current is reduced and consequently its collector current is re.
duced.

For convenience, assume that the positive-going input at the base of Q. reduces
Ica by 0.2 mA, (ice., from 1 mA to 0.8 mA). This gives a new level of ouput
voltage. :

Eq. 1-1, v:, = Vcc - (]cch) - VBE
. =10V - (0.8 mA X 6.8k()) -07V
39V

R




lis se'];hetgu:put vqlt_age hqs changed from +2.5 V to +3.9 V, a change of +1.4V.
n that a positive-going signal at the noni ing i i

a Positre i Fosii vonage. g nverting input terminal has produced
. Now consider what occurs when the noninverting terminal is grounded and 2
Ppositive-going input is applied to the inverting input terminal. In this case, Q; base is
qul{ed up, the base-emitter voltage of Q, is increased, and that of Q, is re:duced by a
similar amount. This results in an increase in /5, and a consequent increase in [
0"°.° agamn, for convenience, assume that a 0.2 mA change occurs in Iex
T_hu§, Ic:z 1s Increased from 1 mA to 1.2 mA by the positive-going voltage at the it
verting input terminal. The output voltage can now be calculated as

Eq. 1-1,  * V.=V - (IaRc) - Vae
=10V - (1.2mA X 6.8kQ)) — 0.7V
¢ v

For V;, = +15V
Input range +13V
Output swing +14V

741 op-amp is used in a non inverting amplifier with a voltage gain of 50. Calculate the typical
output voltage that would result from a common mode input with a peak level of 100 mv.

e (CMRR=31623-2M
e V0(cm)=158 uV -3M

-_S@'_L“-l . Gl Ay = 50 ’V‘cm} = 100V
N-B T d.léF,u.coj “voalur m_ﬁ CMRR ‘ﬁs"‘ S| CD?M:P Jds 90 dB
(cMRR }ds = 20 JO? CMRR

CMRR - : “(CMRR)ag] . { "agn = 31,63
mmua = ] amdh %9 lzo:l s
Yo(om) = Vikew) p, . 0OM . 59 . 158 v
MR R :
C 3,643 [_VGEW) _ |53'J,,'V‘—1

b) | With a neat block diagram, explain the general stages of an op-amp IC.

e Block diagram — 2M
e Explanation — 3M

10 M




BLOCK DIAGRAM REPRESENTATION OF A TYPICAL OPAMP:

Non inverting
—Pup —— LEVEL
INPUT INTERMEDIATE SHIETING OUTPUT OUTPUT
STAGE STAGE > —P»| STAGE [
> CIRCUIT
inverting
[BLOCK DIAGRAM OF A TYPICAL OPAMP]
INPUT STAGE:

1. The input stage is the dual input balanced output differential amplifier.

2. This stage provides most of the voltage gain of the amplifier.
3. It also establishes the input resistance of the OPAMP.

INTERMEDIATE STAGE:

1. The intermediate stage is usually another differential amplifier which is driven by the output of

the first stage.

2. In most amplifiers the intermediate stage is dual input and unbalanced (Single ended) output.

LEVEL SHIFTING CIRCUIT:

1. Because direct coupling is used, the DC voltage at the output of the intermediate stage is above

ground potential. Therefore, generally the level shifting circuit is used after the intermediate

stage to shift the DC level of the output voltage downward to zero voltage with respect to

ground.
OUTPUT STAGE:

1. The output stage is usually the emitter follower circuit.

The output stage increases the output voltage swing and raises the current supplying capability

of the OPAMP.

3. The output stage provides low output resistance.

98]

Analyze a voltage follower circuit implemented using a 741 op-amp. Find the minimum and

maximum input and output impedances with feedback.
AOLmin= 50,000 | Zi=2MQ
AOLmax=2,00,000 || Zo=75Q

e 7Zin-2M
e Zout-2M
E@_E_ﬂm : baf & T 7 o= 0-3M0 A= 2 0.000

Tie o= (1 ~F M'?jiﬁ-
' ={ 14 (s0.000 x1)}o-3M

15‘: - iSGDOM_ﬂri

LB’IG"U'I LA s T =

E- 1 fov VF

10M




Sohw | Go. T Zo = FSH- M- 2:,60000 T HTTT
=t o VE
et - _Zo_ - 35 Betp
(i+MB)  (I+ 200000)

b)

Design a direct coupled inverting amplifier with gain 50 and output voltage amplitude is to be
25V

I1 =50pA, Vi=50 mv, R3=1KQ — 1M each

e RI=1KQ,R2=50KQ— 1.5M each
o ¢ Given | Ays 50 Ves ROV e e
o
By« Vo = Vim= Yo = S0V
Vin v
WE T = 00Ty, = (00(S0on) = Soph
Vier I = By Ym , SOWM g0
R 4 Sop
Ris Vo o2F '. SOKO
T, Sop
By im Billg, = 50K IR s EES

Draw an ideal non inverting amplifier using op-amp and derive the expression for its close
loop gain.

Circuit diagram — 2M
Derivation — 3M

10M
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Define i) PSRR ii) slew rate iii) output impedance
iv) Input offset voltage v) Input offset current

e Each definition 1M 5X 1M =5M
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Explain common mode voltage, common mode voltage gain and CMRR for op-amp. Show

V.
that V) = % x Ac, for non inverting amplifier.

e VC, Ac, CMRR - 1M Each
e Derivation — 7TM

T mmE SV EeYW F IWIW

Common Mode Rejection

%:;er;%mv:li&ot;\he basic operational amplifier circuit in Fig. 1-9(b) rcproducgd in
tert.ninals e feedback connection from output to input deleted. The two input
This is k are connected together and both are raised to 1 V above ground level.
. US 1S XnOWN as a common mode input. Note that there is no differential input; both
i Is are at the same potential. So ideally the output should be zero.

o +Ve¢c
-
Rb —ﬁv.,

Figure 2-3 Basic op-amp circuit with the two input terminals connected together,
and a common mode input voltage applied. The common mode rejection ratio

(CMRR) is the open-loop gain divided by the common mode gain. CMRR =
M/Am-

Because the base voltages of Q; and Q: are raised to 1 V above ground, the
voltage drop across emitter resistor Re is increased by 1 V, and, consequently, I¢
and I, are increased. The increased level of /c; produces an increased voltage drop
across resistor Rc, which results in a change in the output voltage at the emitter of
Q. Similarly, if a 21 V common mode input is applied, Ic, falls, and again a change
is produced at the circuit output. So, as well as the open-loop (differential input)
gain M, each op-amp has a common mode voltage gain A.n. The common mode gain

is the output voltage change due to the common mode input divided by the common
mode input voltage.

V-’(cm]

10M




The above discussion refers to the basi(f operational amplifier circuit. A practi-
cal operational amplifier has additional circuitry, such as the constant current tall'lg
Fig. 1-5(a), to minimize the effects of common mode inputs. However, cyrchn wit
such circuitry, common mode signals still havg somelcffcct on _the output. The suc-
cess of the op-amp in rejecting common mode inputs is defined in the common mode

rejection ratio (CMRR). This is the ratio of the open-loop gain M to the common
mode gain A.,,.

CMRR = Z"‘i"— (2-1)

om

The CMRR is usually expressed as a decibel quantity on the op-amp data sheet.

CMRR = 20 log Aﬂ dB (2-2)

cm

The effect of op-

amp common mode gain is modified by feedback, just as the
open-loop differential

gain is modified by feedback to give a closed-loop gain. Con-

Vo{ﬂn) = Am X Vf[com]

Ho!.vever, any output voltage will produce a feedback voltage across resistor R,

}vhxch results in a differential voltage at the Op-amp input terminals. The differential

Input produces an output which tends to cancel the output voltage that caused the
feedback. The differential input voltage required to cancel Voiem) s,

Vo(m) A X V.

V, = = :

Y M
Va is also the feedback voltage developed across R,.

(cm)

So,

Vd = Vo(ﬂﬂ) X Rz
R, + R,

Common mode
inputs

Figure 24 A common mode input
voltage appears at both input terminals.
It is amplified by the common mode

8ain, but the pain tive
feedback Bain is affected by nega




Ch. 2 — Operational Amplifier Parameters

25

or, V"{“") X R, = Acm X V}fcm)
R[ G = RZ M
giViﬂg, Vo(;-m) 2 Arm V:‘(ml % Rl + R2
M R,
Vi
or, Vitom) = i(em) X
ohem) = FAIRR A,

(2-3)

Explain how loading effect can be reduced using voltage follower.

e Explanation with help of diagram — 4M

“+Wec

10M
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b)

Sketch an op-amp directly coupled difference amplifier circuit. Derive an
equation for the output voltage and explain the operation.

e (Circuit diagram — 2M
e derivation -2M
e cxplanation — 2M
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A load resistance of 22 k€2 is to be connecting to a source of 1.5 V with Source resistance of 56
kQ. Calculate the load voltage if Load is directly connected to source.

e VL -2M

Qe y . Verfu | 522 o2V
L7 x Re bR+ 22K

b)

Load is connected through voltage follower using op-amp 741. with Zo = 75Q, Zin =2 MQ
and AoL =2x105

10M




Vi, Vo, Zout, VL — each 2M
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