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Chapter: 1 Diode circuits

Small Signal Equivalent circuits of diodes, BITS,
MOSqu?s and _analog CMOS. Simple diode
circuits, clipping, clamping, rectifier. Biasing and
bias stability of transistor and FET amplifiers.
Amplifiers: single-and multi-stage, differential
and. operational, feedback, and power. Frequency
response of amplifiers. Simple op-amp circuits.
Filters. Sinusoidal oscillators; criterion for
oscillation;  single-transistor ~ and  op-amp
configurations. Function generators and wave-
shaping circuits, 555 Timers. Power supplies.

ANALOGCIRCUITS (EEE)

Characteristic of diodes, BJT, FET, SCR;
amplifiers — biasing, equivalent circuit and

frequency response; oscillators and feedback ||

amplifiers;-operational amptifiers - Characteristics
a.nd applications; simple active filters; VCO’s
timers. |

1.1: Wave Shaping Circuits

Wave shaping circuits are of two types
a) linear wave shaping circuits, -
b) non linear wave shaping-_g:i,r_'g}jj_ts,
a. Linear Wave shaping circuits
The process by which the wave form of a non sinusoidal signal is altered by passing it
through the linear network is called the linear wave shaping ’

Hiéﬁ&&& Circuit + o—ro o+
This circuit is called-the high v, R V, t=RC
pass filter because it passes the high frequency - ~

components and attenuates the low frequency components.
For low frequency, the reactance of the capacitance is large X¢ = Sric

(a) Sinusoidal input:

Vo _ R 1 ol
V, = R+ joC § IO e
= 1 -
155 1
oRC f
Vs o 1

Vi Vioj(f/f)  Wheref,= 1/21RC '
Vo| o 1., £ V! V= tan” (/) = tan” 6/ Vo O
I 7 \ T+ (f/0°

(b) Step input: vi(t) = Ve () + vo (1), vi () = Vu(t)
= 1/C fidt +vo(t)
(1) = iR, I/RC § vo(t) dt + vo(t) = Vu(t)

It is a single time constant circuitand a first order equation is obtained
The general solution of any single time constant circuit can be written as
: vo(t) = Ve+ (Vi - V) e here Ve=0, Vi=V, v (9 = ve'
(c)Pulse input:  vi()= Vu(t) -u {t-p)]
i -t “p/t ve(t)
1) vp=Vve",V,=Ve :

2) vo=Voet®T V=V, -V VR y
. 1y T
< large = slow response and oe
< small = fast response to! N
: t
0 Ay
V2| 2 .

For a low time constant the peak-to-peak amplitude will be double. The process of
converting pulses into spikes by means of a low time constant is called peaking. -

In high pass RC circuit, the average level of the output is always zero. The area above the
zero axis should be equal to the area below the zero axis, A} = A,
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(d) Square wave input
For a non — symmetrical square wave Ty # T, T} + T = T = I/f. The two extreme cases are
case I: 1>> Ty, 1 >> T,. The I/P and O/P are shown below.

Vi
(a) e -
T Average
\Y ‘lyolta e
B Low ] !
T, e T, -

Zero voltage I

Fi.g: (a) Square wave input ;(b) Output voltage if the time constant is very large(compared
with T).The d-c component V4. of the output is always zero. Area A| equals area A 5,

Case 2: 1 << T}, 1 << T, The response is shown below:

< T2

Fig: Peaking of a square wave resulting from a time constant small compared with T.

. ACE Academy

Analog Circuits

More generally the response to a square wave must have the appearance shown below:

Ve
The four levels Vy, V\', V3, V3 can be Vi Fowe—se-

determined from

Vy=Vie T VoV, =V

-VRC

\'A

Vo' =V, e'TZ’} Vy-Vy=V

For symmetrical square wave:

V;=-V,, V' = Vy' and the response is shown below:

Fig: Linear tilt of a square wéve when RC/T>> 1.

Percentage tilt ‘P” is dcfined by

T, =T.=TR2 é—Tl%!

VIT Outgut .

Vi-Vy T 0

p= 77 x 100 i x 100%

- —“—ng 100 %

‘Where f; = ﬁ and f=1/T

. (e) Ramp input:

v;(t)=l0.tu(t) and v (1) =ov.1:(1_—'e‘”T

Deviation from
linearity

FiFig (@

V)' 1\
Sy
1 v
—> ¢
I I.
2 . 2
*//VZ’L—
Va2

). are shown below, - -

Input =at

[ »

Fig (6) Fig(b)

Fig. (a) Response of a high pass RC circuit to a ramp voltage for RC/ T>> 1;

_(b) Response to a ramp voltage for RC/ T <<1.

For t << <, as a measure of departure from {inearity, transmission error, ¢, is defined as

Vi— Vo'
&= Vi , Att=T,e=T/(27) =nfiT




4 Diode circuits - ACE Academy

ACE Acadeimy Analog Circuits 5

Low Pass Filter:

(d) Square wave input:

R This circuit allows the low frequency components and attenuates the
high - ="
1 igh frequency components. 7 Lo vy =V (_V.-V"‘) et
\7 CT Vo Vi Vo = V' (VeV ) et T ,
—— 1 @
{a) Sinusoidal input: 0.707 b
L I T
v, 1+ (f/fy) £
Z Vo1 Vi= tan” (£/ ) , where f, = 1/(27RC) L
®
A Vi -
o - 0 {v = 1 ¢
(b) Step input: ;;
Vig =Vu(y)
- v, ()
V() =V (1-e") v i
) ¢
t=221=0.35/6
0.1 7
0 - { <
f————.2, J (@)

Fig. Step — voltage response of the low — pass RC circuit. The rise time &, is indicated. '
Fig. 218 (o) Square-wave input; (b-d) autput of the low-pass RC

circuit.  The time constant is smallest for (b) and lorgest for (d).

by
(C) Pulse input: VE-—o=-e-- 1
' Y (e) Ramp input:
v, i ’ Y
E %= ‘—(:-:,)/.nc' - - 4 OLRC :
1 T ) ]
. H , : :
0 1
DR 5
Fig. Pulse response of the low — pass RC circuits. :
J i
v; 1
v L, ; 1 >
osV ' | | T ¢
]
1
R
‘e ¢\ -
': Yo Fig. Response of a low — pass RC circuit to a ramp voltage
0.1V - i . H @RC/T<<1;(B)RC/T>>1.
Q A >t
t, ] ;
03— ': v=ot-at(1-€"Y,ext/T =1/20kT

Fig. Pﬁlse-res_ponse for the case f, = 1/,
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b. Non linear wave shaping circuits
These devices are used for the purpose of switching.

CLIPPERS ( Limiters or amplitude selectors or slicers)

There are a variety of digg_e_:_;r_jl_g—\_;'—(;rks called clippers that have the ability to “clip” off a

portion of the input signal witﬁoﬁt distorting the remaining part of the alternating waveform.

Dependmg on the orientation of the dlode, the posmve or negatwe regwn of the input signal
cllpped” off. s '

There-are two general categories of clippers: series and parallel:” The series configuration is

defined as one where the diode is in series with the load, while the parallel variety has the

diode in a branch parallel to the load.

There is no general procedure for analyzing clippers, but there are a few thoughts to be kept

in mind as you work toward a solution.

1. Make a mental sketch of the response of the network based on the direction of the
diode and the applied voltage levels.

2. Determine the applied voltage (transition voltage) that will cause a change in state for
the diode. '

3. Be continually aware of the defined terminals and pdla:ity of V.

4. It can be helpful to sketch the input signal above the output and determine the output.

It is reasonable to select R = VR¢R, .
The ratio R, / Rymay well serve as a figure of merit for diodes used in the present application.

ACE Academy Analog Circuits - _ 7

. CLIPPING AT TWO-INDEPENDENT LEVELS:

This circuit is referred 1o as a slicer because the output contains a slice of the input between
the two reference levels Vg, and Vg, The circuit is used as a means of converting a
sinusoidal waveform into a square wave. In this application, to generate a symmetrical square
wave, Vg1 and Vg, are adjusted to be numerically equal but of opposite sign. The transfer
characteristic passes through the origin under these conditions, and the waveform is clipped
symmetrically top and bottom.

CLAMPERS: -

The clampmg network is one that will “clamp” a signal to a different dc level. The -
network must have a capacitor, a diode; and a resistive element, but it can-also employ an
independent dc supply to introduce an additional shift. The magnitude of R and C must be
chosen such that the time constant t = RC is large enough to ensure that the voltage across
the capacitors does not discharge significantly during the interval, the diode is - —
non-conducting.The total swing of the output is equal to the total swing of the i mput signal.
This fact is an excellent checking tool for the result obtained.

In general, the following steps may be helpful when analyzing clamping networks.

1. Start the analysis of clamping networks by considering that part of the input signal that will
forwatd bias the diode.

2. During the period that the diode is in the “on” state, assume that the capacitor will charge
up instantaneously to a voltage level determined by the network.

3. Assume that during the period when the diode is in the “off” state the capacitor will hold -
on to its established voltage levels.

4. Throughout the analysis maintain a continual awareness of the location and reference

- polarity for V; to ensure that the proper levels for Vg are obtained.

5. Keep.in mind the general rule that the total swing of the output must match tie-total
swing of the input signal.
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Clamping Networks OBJECTIVE QUESTIONS: SET - A

-

1. In figure the input V; is a 100 Hz triangular wave having a peak amplitude of 2 Volts and
an average value of zero volt. Given that the diode is ideal, the average value of the output
Vo 1S eeiennn.

\1' : - : 1K
B : A*v Vi 06V 1K V0 B

2. The circuit shown in acts as + °_'| ___
a) rectifier b) clamper
c) clipper d ) comparator

3. The output waveform from an amplifier under pulse test has a rise time of 1us. The upper
3dB frequency of the amplifier is :

a) 250 KHz b) 350 KHz ¢) 175 KHz d) none

4. An amplifier with a lower cut off frequency of 10 Hz is to be employed for amplification
‘of square waves for the tilt on the output waveform not to exceed 2%.The lowest input
frequency that can be amplified is

a) 175 MHz b)9.5Hz ) 157TKHz  d)59.3 Hz

" 5. The circuit shown is to have an output vbltage of 9V and an output current of
approximately 1mA.If the input voltage is £10V the value of R, and the diode forward
current, respectively are .

a) 1 KQ, 6mA

b) I0KQ, 3mA - -
¢) 1KQ,93 mA

DHI0KQ, 1.5mA

6. The average value of the output of the circuit for the input V; (t) = 10 Sinwt, is
a) 10/x
b) -10/n

JAR s
c) -S/nm +
d) 5n Vi) R
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7 f input V(1) = V, Sinwt, the output expression for the circnit shown is
C

o] | .
N l
Vi) < v

©

a) —V,, + V, Sinwt
b) V-V, Sinot
¢) 2V, Sinot

d) 2 Vp, Sinwt

8. In a clamping circuit the value of R across the diode is

a) The geometric mean of the forward and reverse resistance of that diode
b) The arithmetic mean of the forward and reverse resistance of that diode
¢) The Harmonic mean of the forward and reverse resistance of that diode
d) The product of the forward and reverse resistance of that diode

9.Ina clamping circuit the forward and reverse resistance of the diode used,
Respectively, are 100 Q and 120 KQ..The value of R across the diode is

a) 60.05 KQ b) 3.464 KQ c) 12MQ d) 100 KQ

KEY: (D0 @b@B)b @c (5)c 6)d (Ha (8 a (9b

SET-B
01. The circuit shown in the figure is best described as
(A) bridge rectitier (B) ring modulator io\“putj

(C) frequency discriminator (D) voltage doubler T T

02. In the following limitér circuit, an input voltage V; = 101 sin 100 nt is applied.
Assume that the diode drop is .7 V when it is forward biased. The zener breakdown
voltage is 6.8 V. The maximum and minimum values of the output voltage

~ respectively are —W-
(AY61V,-07V
©)75V,-07V

03. Assuming that the diodes are ideal in figure,
the current in diode Dy is

iQ 12

(A) 8mA (B) 5mA )
(C)0mA (D)-3mA o B
) _ T v
04. The states of the three ideal diodes of the circuit =
shown in figure are 10

10}

®)07V,-75V ¢ K Dy Lo
D)75V,-75V 7 7 REEV .

(A)D/ON, D, OFF, D; OFF  (B) D,OFF, D, ON, D; OFF | " | ¥,
(C)DiON, D, OFF, D; ON (D) D,OFF, D, ON,D; ON |
10V %l r Dy

AAAA
-
o

)

KEY: (1)D @cC 3)C “HA

ACE Academy
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<

[l Ll L= Bl ) et

1.2 RECTIFIERS AND POWER SUPPLIES:

In a power supply, basically, starting with an AC voltage, a steady DC voltage is
obtained by rectifying the AC voltage, then altering to a DC - level by filtering and finally
regulating to obtain a desired fixed DC voltage.

Block dia_gram of a typical power supply:

AC rate Transformer Rectifier Filter ICregulator Load o
supply—1 —

The AC voltage is connected to a transformer which steps that A€ voltage down to
the level for the desired DC output. A diode rectifier then provides a full-wave Tectified
voltage that is initially filtered by a simple capacitor filter to produce a DC voltage. Thi.s
resulting DC voltage usually has some ripple or AC voltage variation. A regulator circuit
can use this DC input to provide DC voltage that not only has much less ripple voltage but
also remains almost the same DC value even if the input DC voltage varies some what, or the
load connected to. the output dc voltage changes. This voltage regulation is usually obtained
by using one of a number of popular voltage regualator iC units.

Half wave rectifier:

Ui

o

R 0 LA 2r a=wt
1_ T ®) \/ '

(a) =
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Full wave Full wave rectifier:(Bridge)

\/\/V
R
vm
Vi = 0.636 V.,

0

The output resulting from a rectifier is a pulsating DC voltage and not yet suitable as a
battery replacement. A filter circuit is necessary to provide a steadier DC voltage. The filtered
output has a DC value and some AC variation (ripple). A very popular filter circuit is the

Capacitor filter circuit :

Ac input

By . V. p-p)

@"5—4—“————% “\ A
.

Vems=lae/ 4B C)

1= Vims I Vae=1/ (@B fCRy)
The riple can be further reduced by using 0
an additional RC section as shownbetow:

Filter capaictor with additional RC filter section:

-+

ACE Academy Analog Circuits 13
PARAMETER HALF-WAVE | FULL-WAVE BRIDGE
Ripple frequency(f) | f 21 2 f;
PIV Vi e A Vin
I V! Re+R1) V! Re+Ry) V! R¢# Ry)

| "Average current(lye) | In/ 7 2 In/7 21./7
R.M.S value(lms) In/2 In/ V2 In/ V2
DCvoltage(Vas) | Vel -leRr |2 Vd - licRe 2 VT - 2 1o Ry
Form factor (F) 1.57 111 111
Ripple factor( r) 1.21 0.482 0.482
Puc L Re I Ry Ie2 Ry
P; Im (Re+R) | Lo’ R+ Ry) Ims” 2Rr+ Ry)
Efﬁciency('],) T—aT[i(f)./jRT) % 1_:-(2—/01{,5— % 1+—(28111§R_L)- %
Regulation Ri/Rux100% | Re/Rux100%

f,= a.c. input supply frequeney, P I V ( Peak Inverse Voltage): The maximum voltage to

)|
\% £ {rms)

AY

_____ Vdczm_f V'dj =lf £ (rms)
t
o
| @ 1 Filter J‘ G %RL Load
Full'— wave recti_ﬁer I I

B e L -

which the diode is subjected in a rectifier circuit

2%

. 0.5
2 I .
J T, T = [‘2;01 P da] , Veo =l Ry, Form factor , F = I/ L

Too= L
2n

I'ms= R M S value of the ac components of current = (Irms —Ia¢ )0 S
Ripple factor, 1= I'ms/ Tgc = V'ims / Vae = VF 1

1, = Efficiency of Rectification = Py / Pi, Regulation = Vi -V

FL

x 100 %
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OBJECTIVES SET - A
. In a series regulated power supply circuit, the voltage gain A, of the ‘pass’ transistor
satisfies the condition:
a A, >« b. I<<A; <o c A=l d A <<l

—

2. In rectifier circuits , the values of Vic » Vems » PIV rating of diode depends on the secondary
voltage which is ultimately depends on

a) primary voltage b) turns ratio ) both (a) & (b) d) none of the above

3. To get high regulated dc voltage which’i’s"great& than the rated voltage of a zener diode,
zeners can be connected in

a) series b) parallel c) none of the above

4 . For a given rectiﬁér . calculate the value of fipple voltage if V4, = 10V ripple factor is 2%
a) 0.2v b) 0.3V ¢)04v . d) none

5. A 10:1transformer is use in half wave réctiﬁef find no load voltage what is the PIV rating
of diode_ used

a)23 52342 0235 d) none

6. If the ripple voltage in full wa';'/e rectifier is 25v at a load current of 60mA. What would be
the value at a load current of 120mA. :
a)yl100 v b) 25V ) 50V d) none

7. In a half wave rectifier , the load current flows for
a) the complete cycle of the input signal
b) only for positive half cycle of input signal
c) less than half cycle of input signal
—d) more than half cycle but less.than the complete cycle of i input 51gnal

8. In a half wave rectification if the input frequency is 50Hz, then the output has a frequency
of
a) 12.5Hz b) 25Hz - ¢) 10Hz d) 50Hz

9. The disadvantage of half wave rectifier has a.c component the d.c component

a) components are expensive
c) output is difficult to filter - " d)none
10. The out put of a half wave rectifier has a a.c component -the d.c component.

a)equal to b) more than ¢) less than d) none

ACE Academy' |

b) diodes must have a high power rating '

AnalOg Circuits - - 15
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11. 1f the a‘c.input to a Half wave rectifier has an r.m.s value of 400/v2 volts, then the diode
PIV rating, is

a) 400V b) 400/42 ¢) 400 xV2 d) 400 x3

12. A full wave rectifier is as-effective as a half eave rectifier.

a) twice b) thrice c)twoand halftimes . - d) four times
13. In a full wave rectifier, the current in each of the diode flows for p
a) the complete cycle of input sngnal b) haif cycle of input signal

¢) for zero tlme ~ dymore than half cycle of input signal

14. In a full wave rectifier, lf the mput signal frequency is 50Hz, then output has a frequency
of .
a) 100Hz 7 b) S0Hz ¢) 25Hz d) 200Hz

15. The bridge rectifier is preferable to an ordinary two — diode full wave rectifier because

a) it uses four diodes b) transformer has center — tap
c) needs much smaller transformer for the same output  d) it has higher safety factor

16. In full wave rectification, transformer is :
a) essential b) center tapped c) both (a) & (b) d) none

17. The a.c. component in the output of a full wave rectifier is ...... I thed.c
' component )
a) equal to b) more than c) less than . d) none

18. The PIV of each dlode in a bridge circuit is
circuit
a)equalto °  byhalf c) greater than - .- d) none - --

that of equivalent center - tap

19. The primary function of a center — tapped transformer in a power supply is to
a) step up the voltage b) step down the voltage
c) causes the diodes conduct alternatively : d) none

20. For the same secondary voltage, the output voltage from a center — tap circuit is
than that of bridge circuit
a) twice b) thrice ¢) four times d) one half o

21. If PIV rating of a diode is exceeded, the diode
a) stops conduction b) is destroyed
¢) conducts heavily in the forward direction d) none -

22. The rectifier which of power supply is a measure of
a) half wave rectifier b) full wave rectifier
¢) voltage doubles circuit d) none .
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23.The ripple factor of power supply is a measure of
a) its filter efficiency

i b) diode rati
<) its voltage regulation ) diode rafing

d) purity of power output

_24.1n a half wave rectifier, the peak value of the a.c voltage across the secondary of the

transformer is 202 if no filter circuit is used the max. d.c voltage across the load w111

be

a) 28.28V b) 25V c) 14.14V d) oV’

25 In a full wave rectifier Vi, is the peak voltage between the center tap and one of the
secondary the max voltage across the reverse biased diode is

a)Vp b) Y2 Vi ¢)2Vy d)4Vn
26. The most widely used rectifier circuit is -
a) HWR b) center ~ tap circuit ¢) bridge circuit d) none

27. A ¢rystal diode can be used as a rectifier because it offers
a) low resistance in both directions
b) h}gh res.istance in one direction and low resistance in the other direction .
c) high resistance in both direction
d) none

secondary voltage for full wave rectification
c) one fourth of d) none

28. A center tap circuit utilizes
a) full b) only half of

29. The bridge rectifier provides 50mA current at 150V, the transformer voltage specification
is
2)220V: 167V b) 120 V: 150V

€) 220V: 236V d) 120V:110V

30. The bridge rectifier provic{gs 50 mA current at 150V. the average current and PIV of each

diode, respectively are

a) 79mA, 167V b) 25mA, 236V

¢) 79mA, 167V - ) 25mA, 120V

31. If the ripple factor of the output wave of a rectifier us low, it means that

a) output.voltage will have less ripple b) output voltage will be low
¢) filter circuits may not be required d) none '

Key: (01).C (02).C (03)B (04).A (05.B (06).C (07)B  (08).D

(09.C  (10)B (1A (12.A (@3B (@14.A (@15C @16.C 17C

(#8)B.  (19B (0D @B (2B (23)D @4D (@5C @6)C

7B (28B (29.A (30)B (31).A
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i
4
A
[

01. A dc power supply has ano— load
voltage of 30 V, and a full —load
voltage of 25 V at a full —load current
of 1 A. Its output resistance and load

" regulation, respectively, are

(A)5Qand 20% (B)25Q and 20%
(C) 5 Q and 16.7% (D) 25Q and16.7%

02.°A zener diode regulator in the figure is
to be designed-to meet the
specifications: [, = 10 mA, Ve=10V
and Vj, varies from 30 V to 50V. The
zener diode has V, = 10V and Izk -
(knee current) = 1 mA. For satisfactory
operation

(A)R<1800Q
(B) 2000 Q <R 2200 Q
(C) 3700 Q <R £4000Q
(D)R>4000Q

03. In the voltage regulator shown in the
figure, the load current can vary from
100 mA. Assuming that the Zener
diode is ideal (i.e., the Zener knee
current is negligibly small and Zener
resistance is zero in the breakdown
region), th% value of R is

®)70Q
©)703Q {(DYUQ

(A)7Q

" Variable Load
100 to 500mA’

SET:B

04. In a full — wave rectifier using two
ideal diodes, Vg and V,, are the dc and
peak values of the voltage respectively
across a esistice load. I PIV is the
peak inverse voltage of the diode, then
the appropriate relationshi’ps"for this

rectifier are
(A) Vg = Yo PV =2V,
b

Vin
(B) Vae =27 ,PIV=2Vp-

Vy
©)Vae=27 ,PIV=Vn

\V/ .
(D) Vae="",PIV=Vn

05. The zener diode in the regulator circuit
shown in the figure has a zener
voltage of 5.8 volts and a zener knee

- current of 0.5 mA. The maximum load
current drawn from this circuit
ensuring proper functioning over the
input voltage range between 20 and 30

volts, is

(A)23.7mA  (B)142mA
(©137mA  (D)242mA
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06. For the circuit shown below, assume

that the zener diode is ideal with a
breakdown voltage of 6 volts. The

waveform observed across R is.

@A) - i

®) J\/Lv
2
(C) /\_\J_/_\U,
v

® s

07. The correct full rectifier circuit is

(A) . wut
Output
(B)_ Input
X Output
©
pul
Output
©)
input
Output

08. For the zener diode shown in the
figure, the zener voltage at knee is 7 V,
the knee current is negligible and the
zener dynamic resistance is 10 Q. If
the input voltage (V;) range is from 10
to 16 V, the output voltage (Vo) ranges

from

—200Q

(A) 7000729V
(B)7.14107.29 V
(C)7.1410743V
(D) 729t0 743 V

KEY :
(OB @A 3)D
4B A (6)B

Mc ®C

Chapter: 2 BJT & FET BIASING

DC BIASING-BJTs

The analysis or design of a transistor amplifier requires knowledge of both the dc and ac
response of the system. Too often it is assumed that the transistor is a magical device that
can raise the level of the applied ac input without the assistance of an external energy source.
In actuality, the improved output ac power level is the result of a transfer of energy, from the
applied dc supplies. The analysis or design of any electronic amplrﬁer therefore has two
components; the dc portion and the ac portion. .

¢ Depending on the biasing of the junciton there are four modes in whrch a transrstor
can operate.
- E Jc
i) FB  FB ----Saturation mode
i) FB  RB-- Active mode
iii) RB  FB----Inverted mode
iv) RB RB --- Cut off mode.

o . A Transistor can be operated as a switch when operated in saturatlon and crit,;off
modes.

A Transistor can be used as an amplifier in active mode.

The transistor dissipates maximum power when it is operated in active mode
Power dissipation in the transistor is given by Pp=IcVcg

Dissipation in the transistor is minimum in saturation and cut off modes.

In active mode the collector current depends on base current and is mdependent of
collector emitter voltage.

- o Inverted mode is not used since the current gain is very low

For the BJT to be biased in its linear or active operating region the-following must be true:

1. The base — emitter junction must be forward-biased with a resultmg forward bias voltage _
of about 0.6 to 0.7V. o

2. The base - collector junction must be reverse-brased _with the reverse-bras voltage being
any value within the maximum limits of the device.

OPERATING POINT>

The term biasing appearing in the title of this chapter is an all inclusive term for the
application of dc voltages to establish a fixed level of cumrent and voltage. For transistor
amplifiers the resulting dc current and voltage establish an_operating point on the
characteristics that define the region that will be employed for amplification of the applied
signal. Since the operating point is a fixed point on the characteristics it is also called the
quiescent point (abbreviated Q- point). By definition, quiescent means quiet, still; inactive.
The following figure shows a general output device characteristics. The biasing circuit can
be designed to set the device operation at Q (V¢, Ic) within the active-region. The maximum
ratings are indicated on the characteristics by a horizontal line for the maximum collector
current I s and a vertical line at the maximum collector-to-emitter voltage Vcg max. The
maximum power constraint is defined by the curve Pcpax.
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Ve

BIAS STABILIZATION

T:cmperature causes the device parameters such as the transistor current gain () and
the transistor- leakage current (Icro) to changg. Higher temperatures result in increased
leakage currents in the device, thereby changing the operating condition set by the biasing
network. The result is that the network design must also provide a degree of temperature
stability so that temperature changes result in minimum changes in the operating point. This

maintenance of the operating point can be specified by a stability factor, S, which indicates
the degree of change in operating point due to temperature variation.

o Thus the stability of a system is a measure of the sensitivity of a network to variations
In 1ts parameters. The collector current I is sensitive to each of the following parameters.

B: increases with increase in temperature ) '

Ve decreases about 7.5 mV per degree Celsius (°C) increase in temperature.

Ico (reverse saturation current) : doubles in value for every 10°C increase in temperature.

Any or all of these factors can cause the bias point to drift from the designed point of
operation. o

Ic=f(lco, Ve, B)

_ aIC - _alc aIC
AIC aICO AICO + avBE AVBE +a—B~ AB

AIC= S Alco+ S’VBE'*_'S" AB
_ o

dlco Vg, Bconst —_

1
S,S s S" are stability factors where S

dlc
S = 3 Vee| Ico, Beonst
ol
2

S = B Ico, Vgg const
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- loop, writing Kirchoff’s voltage equation in the clockwise ' =
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+VCC

FIXED BIAS CIRCUIT>
The fixed bias circuit provides a relatively straight R RC\I/ Ic
forwad and simple introduction to transistor-dc bias ! (_‘f,c output
analysis. - + G signal
o Vee
G

Base-Emitter Loop: consider the base emitter circuit

direction for the loop, we obtain.
+Vec—Ig Rg - Ve =0

oy _NVec—Vae
.. IB_ RB

Since the supply voltage Vcc and the base-emitter voltage Vpg are constants, the selection of
Rg, sets the levels of base current for the operating point.

Collector-Emitter Loop: Ic=B1Is

Since the base current is controlled by the level of Rp and I is related to Iy by a constant B
the magnitude of I¢ is not a function of the resistance Rc. However, the level of Rc will
determine the magnitude of Vcg. Applying KVL in the clockwise direction around the closed
loop T
Veg +IcRc—Vee=0 and Vg =Vec-IcRe
But Veg=Vc—-Vg =Vc and Vgg=Vp-—Vg=Vp Since V=0V

‘Transistor saturation: For a transistor operating in the saturation region the current is a

maximum value for the particular design. The highest saturation level is defined by the-
maximum collector current. To know the approximate maximum collector current for a
design, simply insert a short-circuit equivalent between collector and emitter of the transistor
and calculate the resulting collector current. For the fixed bias, the short circuit has been

- applied, causing the voltage across Rcto be the applied voltage Vc:

ICsaI_ RC T l : .

Here I3 is fixed because the biasing voltage V¢ and base resistance Rg are constant.
As the temperature increases Ico increases hence I¢ increases. As I increases temperature
increases so again Ico increases. This cumulative process leads to thermal run away because
here Ig is constant

. . . X
Ie=BIs+(1+B) Ico Stability factor, S= alzo
. . ~ aIB -
Since I is constant, —— = 0
alc
R e
S 1-p dlp 1+8
dlc

From the above equation we can conclude that for a small change occurring in Igo makes a
large change in Ic. So, this circuit-gives less stability and not commonty used.
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FIXED BIAS CIRCUIT WITH EMITTER RESISTOR > :’ COLLECTOR TO BASE BIASING CIRCUIT (Self Bias) .
Base Emitter loop: Vee Base-Emitter loop: Applying KVL +Vee
Writing Kirchoff’s . oltage law in the clockwise direction I Vee~(Is+ 1) Rc—Is Rg— Ve =0 nA Re
+Vec—IpRp~Vge—[Rg=0 - Rg \LIB Rc\l}c : Vee - Ig(Re+Rp) ~IcRe - Ve =0
. Butle=(1+B)ls c _ Vec—IcRe- Ve - e
S Vee—IpRp~Vpe ~(B+1) s Re =0 b= — R.tRe
Ie ; -
wIg = —Vec=Vee \L £ - Collector Emitter loop : Applying KVL  Vee—(Ic +Ig) Re — Ve =0
Re+(B+DRe Re : Neglectingl, - . Vec—Vee—IcRe=0 4
Vee=Vee - =
le=p s _ _B[Vec—Vag] = : cr;l Vee I;CRC "
Rg+{1+P)Re izing factor=  S=_17F 98 _ - §=—"t— =z=l1forRc>>Ry
- o Stabilizing factor S [pop dc  ReRe T+ BRe
Since B >> 1 and Vg is very small, rremesnnnoanoeneons alc : Rg+R¢
v Ie~ Ve ; A 3
: Re+Rg ! £ Rp is the feedback resistor and eliminating the feedback is difficult. So this method is
: e B ' rarely used. : . _
Collector-Emitter Loop: . This feedback configuration operates in much the same way as the emitter-bias
Writing KVL in the clockwise direction, configuration when it comes to levels of stability. If I¢ should increase due to an increase in
. IeRg + Veg + IcRe — Ve = 0 : temperature, the level of V across R will increase and the level of Ip will decrease. The
Substituting Ig = Ic : result is a stabilizing effect as described for the emitter-bias configuration.

Yee

R

increase. The result is a drop in the fevel of I A drop in I will have the effect of reducing
the level of I¢ through transistor action and thereby offset the tendency of I¢ to increase due ;
to an increase in temperature. In total, therefore, the configuration is such that there is a
reaction to-am increase in I¢ that will tend to oppose the change in bias conditions.
To decrease the stability factor we have to increase Rg value, but this )

e TTITmeeesooooiiesoososnt : . SELF BIAS CIRCUIT ..
Again consider the Base-emitter loop, - : o
Vee—Vae - IcRg This Voltage divider biasing circuit is
Ip= Rp + Rg ; the most widely used circuit.
g _ -Re |
ol Rg+ Rg
I _ 1+B - 1+ B
Stability factor S= TP ol S= T+ BRg R —I
) Rg+Rp - = T Vf’ltage—D‘V‘der b{asmg Voltage Divider biasing
: with bypass capacitor without bypass capacitor
An increase in Ic due to an increase in Ico will cause the voltage Vi = IgRg = IR to } Applying Thevenin’s Theorem at the input side, Vee

Vee

R
Vin=Vcc m

Ry = RiRy_
H B™ R +Ry
- decreases the gain of the amplifier
- increases voltage drop across Rg

The first draw back can be avoided by connecting a by pass capacitor across Rg but the f
second one cannot be avoided. Hence this circuit is not used. :

i
£
g
E
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Applying KVL toinput, -V +IgRg+ Vag + Is Re=0
' Vin=1Ig Rg + Ve + Rg (Ic + Ip)
I = Y- Vee—Rele
B Rg + Re
Ie=f1lp
Applying KVL to output, :

Vec~IcRe=Veg —(Ic+I5) Rg =0
Vce = Vee—IgRe—Ic (Rc + RE)

Vi
Rp +Re
p

Neglecting Vgg, Io= - BV _

Rat(1+HR; Omeep>>1 e

i+p dlg _ -Rg

1-paly dc RetRe
dlc

-Rg .
Rg +Rg

Stability factor, S =

@
—
o

@
—
O

S = lL =1 for Rg <<Rg
Rg+Rg

Negative feedback can be eliminated by connecting a by pass capacitor across'Rg. The most
stable of the configurations is the voltage divider bias netwoik. If the condition p Rg >> 10
R, is satisfied, the voltage Vg will remain fairly constant for changing levels of Ic. The base
to emitter voltage of the configuration is determined by Vgg = Vg — V. If I should increase,
Vg will increase and for a constant Vg the voltage Vpg will drop. A drop in Vg will establish

" alower level of I which will try to offset the increased levél of Ic.

\"‘-.._7__

: Rising tendency
is checked

COMPENSATION TECHNIQUES

The compensation technique is used only to compensate the temperature parameters
and not to fix the operating point in active region. The operating point is fixed by
stabilization technique by using biasing resistors. So, the compensation technique is
applicable only after the stabilization. With compensation technique we can compensate
temperature parameter exactly.

There are four ty-pes of compensation techniques available.
i) Diode compensation for Vgg ii) Diode compensation for Ico
iii) Thermistor compensation iv) Sensistor compensation

e
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DIODE COMPENSATION FOR Ve 2

+Vee

The variation in Vg can be cancelled by connecting the diode in series with emitter such that
the voltage across diode is in opposite direction to Vge. Here the diode and transistor are

" made with same material to get the same temperature effect in both the devices.

Apply KVL to Thevenin’s equivalent circuit,

Va-IpRo—Vpe—IgRe + Vo =0
Since Vo = VBE

Vin—RaIg—Re (Blp + 1) =0

Vge = V because any change in Vgg due to temperature the same change occurs in Vy. So,
the collector current is independent of VgE.

DIODE COMPENSATION FOR I¢co 2 +Vee
If the diode and transistor are made of same material —
then the reverse saturation current I, of the diode will
increase w1th temperature at the same rate as the I\LR 7 RC\J/ Ic
transistor reverse saturation cm'rent‘[’co—
. Ic=pIg+(1+B) Ico
. =0 -1
S Ie=p (L -l +(1+B) Ico. Io\l/ Re
since p >> 1
=pd;-I)+Plco
—Ie =PI - B(lo~Ico)
= ﬁ I] Since Io = Ico
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*+Vee

THERMISTOR COMPENSATION 2 . I
Thermistor is a temperature sensitive device having Ry Re \LIC Ry
a negative temperature coefficient (ie) its resistance
decreases with increase in temperature. \l/ It
So, _

A SRV M RS Y 1V R  2Re

¥ .

Thermistors are used to minimize the increase in Ic due to change in temperature.
SENSISTOR COMPENSATION >
Sensistor is a heavily doped semiconductor device having

positive temperature coefficient, (i€} its resistance increases
with temperature. : :

THERMAL STABILITY

Thermal stability is the condition to avoid the thermal runaway.

The increase in Ic due to increase in temperature gives more power dissipation in the
collector junction. Due to the power dissipation in the collector junction again temperature
increases. So, I again increases. This cumulative process gives more heat at collector
junction and spoils the transnstor "This process is called Thermal Runway.

_ Lcad_s_ to thermal |~

CONDITION FOR THERMAL STABILITY 2 _
The steady state temperature rise at collector junction is proportional to power dissipation at

the junction.
(Ti-Ta) o Pp
where T — junction temperature

Fa — Ambient temperature

ACE Academx BJT and FET Biasing . 27

Tj—TA=6PD

Where 6 thermal resistance °C/watt

To get the change inpower dissipation with respect to Junctlon temperature, partially
differentiate with respect to Tj

1-0-=69Pp ...

aTj
P _ 1 ’
aT; 6

Condition for thermal stability is the rate at which heat is generated at collector junction-
should be less than the rate at which heat dissipated.
(i) 2Pc _ 0OPp

dT; aT;

= o

aT; <

L
0

This is the condition to avoid thermal runaway

dPc _ |0Pc alc okeg| . 1
oT; ol 1oy | T 0

L, 7%per’C =0.07 Ico
Stability factor

OBJECTIVE QUESTIONS: SET A,

1. Thermal runaway in a transistor biased in the active region is due to

a) heating of the transistor

b) changes in B which increases with temperature

c) base emitter voltage Vpg which decreases with rise in temperature

d) change in reverse collector saturation current due to rise in temperature.

2. To obtain a fixed bias in CE configuration, a battery of 2V is used in the base with a series
resistor Rp across the base emitter junction; given 8 = 100 and Vg = 0.6 Volt, to obtain
Ic =2mA, the value of Rp is given by —-

a) 700 ohms b) 7K ohms ¢) 70 K ohms d) 130 K ohms

3. In the self biasing scheme or collector - to - base biasing circuit { Rr across collector to
base) of a BJT, S; tends to unity by

--a)increasing Re b) decreasing R
c)decreasing Ry and increasing R¢ d) increasing Rr and decreasing R¢

Note: R is collector foad resistor.
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4.In ‘{he circuit shown Voo =10, R =2.7K, Rg =200 K, p =99, Vg = 0.6. The operating
point V¢, I¢ are given by
Vee
a) 46V apd-.;1.98 mA
b) 4:7V-and 2 mA
¢) 5.4Vand1.56 mA
d) 42Vand2.1mA

Re 32Re

5. Inthe p(?tcntial divider bias (with Rg; and Rg,) to obtain base current, Rp is the equivalent
base resistor and Rg the emitter resistor.

a) Rg >> Rg improves S;

E o b) Rg >> Rg improves Sg- :
¢) Rg << Rg improves both S;and Sp

d) Rg has no effect on the stabilization factors

6.In rega.rd to the operating point of a transistor in the active region, and its stabilisation,
following four statements are made:. o

1. Ico doubles for every 10°C rise in temperature. -
2. Vgg increases with temperature
3. Potential divider bias along with R, stabilizes against variations in Ico but not in pg
4. For good stabilization, Rp << Rg, where Rp is the equivalent base resistor of the
- potential divider resistors. Of these, the true statements are

a)only 1,2 b) only 2,3 c)only 3,4 d)only 4,1
7. Circuit shows current mirror biasing for IC’s. Given Ve = 10 volts, Ic; =1 mA and
Vge = 0.7 volt, the value of R is given by

Ve
a) 10KQ o L Co
b) 93KQ : R Jla

- -

Q) SKOQ ——
d) 465KQ pp

8. IQa CE amplifier, the effect of an unbypassed Rg is to increase the input resistance. This
happens because
1. The system tends towards an ideal CVS
2. Both input and output currents flow through Rg
3. The fed back quantity is a voltage
4. The fed back quantity is a current.
Of the above four statements the true statements are

a)only 1,2 b) only 3,4 c)only 2,3 d) only 1,4

IR

IS

ey e

FOR R ———

e
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9. For good stabilized biasing of the transistor of the CE amplifier shown below, the
condition is

a)Rg <<1 b) Rg >>1 T <+Vee
RB RB =

c)&i <<hFE C) Bl >>hFE
RE RE '

10. Of the four biasing circuits shown in figure for a BJT, indicate the one which can have
maximum bias stability.

Vee Vee Ve Vee
Ri Rc 2 g
Rz RE

@) ® T @

11. The quiescent collector current Ic of a transistor is increased by changing the biasing
resistances. As aresult gy, will '
a) not be affected b) decrease c) increase
d) increase or decrease depending on bias stability. o

12. Pick out the correct statements :
a) DC load line is same as AC load line - b) DC load line is steeper than AC load line
¢) AC load line is steeper than DC load line '
d) AC signal swing is restricted in an AC load line

13. The parameters that can be determined from a load line are

a) quiescent point only - -

b) quiescent point, Theveninvoltage, Norton current ' .

¢) quiescent point, no load voltage, short circuit current, voltage drop across load

d) in addition to parameters in {c) above, voltage drop across device

For Questions 14 to 17, the figure shows V — I characteristic and load line of a nonlinear

device in series with a load resistor

14. With reference to the figure the cutin mA !
voltage of the device is .. 10
a) 0.65 '
b) 0.1 40
c) 0.5 20 7
4 0 g T T T I Tl \Y
. 0.5 1.0
15. With reference to the above figure the quiescent current is R
a) 70mA, b) 0 )20 mA d) 23mA

16. With reference to the above figure, the voltage across the non-linear device is
a) v b) 0.65V ¢) 0.35V d) 05V
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17.With reference to the above figure, the drop across the load resistor is

a)0.35V b) 0.65V O 1V dy oV

ACE Academy

18. Which of the following circuits realize self bias with compensation? *

T E V(_;c 3.
- -

Wy

T = Thermistor, S = Sensistor

Select the correct answer using the codes given below:

‘a)2and3 b) 1 and2  c)land3 d)1,2and 3
19. Three different circuits for biasing junction transistor amplifiers are given below
+Vee +Vee
Rp Re R,% % Re
I m -

The correct decreasing order of preference of these circuits from the point of view of bias
stabilisation is -

a) I, IL, 11 b) IIL 11, 1 O1IL 1L, S dLULI

20. In the following two non-linear transistor biasing circuits, the resistors,

o +VCC +VCC

Out

a) Ra and Rg, both have negative temperature coefficients
b) Ra and Rg, both have positive temperature coefficients
¢) Ra has negative temperature coefficient and Rp has Positive temperature coefficient

d) Rj has positive temperature coefficient and Rp has Negative temperature coefficient.

KEY:
Ld 2¢ 3¢ 4a 5S¢ 6d 7b 8¢ - 9b 10a 1lc 12c

13d 14c 15d 16b 17.a 18b 19.c 20d
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SET-B

01. In the circuit of the figure, assume that the transistor is in the active region. {t has a large
B and its base — emitter voltage'is 0.7 V. The value of I¢ is .

(A) indeterminate since R is not given

B)ImA (CO)5mA (D)10mA

02. In the amplifier circuit shown in the figure, the values of R, and R, are such that the
transistor is operating at Vg = 3 V and Ic = 1.5 mA- when 1ts [3 1s 150. For a transistor
with § of 200, the operatmg point (Vcg, Ic) is

(A)(2V,2mA)  (B)(3V,2mA) V=BV

(C)(@V,2mA) (D) (4V, ImA)

03. Assuming Vcgsa = 0.2 V and B = 50, the minimum
base current (Ig) required to drive the
transistor in the figure to saturation is

(A)S6 pA  (B) 140 pA
(C)60pA  (D)3mA -

.‘04 For an npn transistor connected as shown in the figure, VBE = 0.7 voits.

Given that reverse saturation current of the junction at room temperature 3000 K is 10-1 3
A, the emitter current -
(A)30mA (B)39mA

(C) 49mA (D)20 mA
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05. The circuit using a HIT with - 50 and Vgg = 0.7 V is shown in the figure. The base Common data for Questions 08, 09 and 10.
current I and collector voltage V¢ are respectively :

In the transistor amplifier circuit shown in the figure below, the transistor has the following

parameters: Bpc = 60, Vgg = 0.7 V, hje — 0, he — o The capacitance Cc can be assumed to

be infinite. In the figure above, the ground has been shdwn . By the symbol V

(A) 43 pA and 11.4 Volts (BB) 40 pA and 16 volts

(C)45 pA and 11 Volis (D) 50 pA and 10 Volts

06. For the BJT circuit shown, assume that the P of the transistor is very large
Vee=0.7V.T de of ti the BIT : . g
and Vgg = 0.7 V. The mode of operation of the 08. Under the DC conditions, the collector — to — emitter voltage drop is

A) cut — off 1040 '
( ) c (A)4.8 Volis (B) 5.3 Vols. (C) 6.0 Volts (D) 6.6 Volts
(B) saturation
(C) normal active 9 e 1V 09 If B¢ is increased by 10%, the collector — to — emitter voltage drop
' 2V ' i ‘
(D) reverse active : (A) increases by less than or equal to 10%
(B) decreases by less than or equal to 10%
07. [ntroducing a resistor in thie emitter of a common amplificrstabilizes the dc dperating (C) increases by more than 10%
point against variations in . (D) decreases by more than 10‘%- .
(A) only the_tcmpera-t_ure , . ‘ S S
(®) only the B of the transistor | - - 7 10.The small - signal gain-ef-the amplifier Vco/Vs is
(C) both temperature and f§ (Aa)-10 (B)-53 )53 D) 10

(D) none of the above _ L.
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e

Statement for linked answer Questions 11 & 12.
In the following transistor circuit, Vag = 0.7 V, re = 25 mV/Ig, and f and all the

capacitances are very large

11. The value of DC current I is
(A) 1 mA (B)2 mA
(©)5mA (D) 10 mA

12. The mid —band voltage gain of the
amplifier is approximately

(A)-180 (B)-120
©) -9 D)-60
13. Given figure shows a two — state small signal transistor feedback amphﬁer Match the
defective component in list — I with its probable effect on the circuit in list - Il
List-1I
(A) Capacitor C, is open
(B) Capacitor Cj is open
(C) Capacitor C; is open
(D) Re,is shorted -

List—1II
P. all dc voltages normal normal, vo -
increases marginally
Q. collector of TRZ is at Ve, vo = 0'
R. all dc voltages normal, gain of 2™ stage
increase vy decrease
S. all de voltages normal, vo=0
T. all dc voltages normal, overall gain of the
amplifier increases, vo increases
U. No change
14. The transconductance g, of the transistor shown in figure is 10 mS. The value of
the input resistance Ry is

(A)100kQ -  (B)83kQ
©)50kQ (D) 2.5kQ

KEY: SET-B

(D QA B3A é@cC 5)B (6) B.
mc @) C (9B (10) A (1HA (12)D
(13)a-S,b—-R,c-T,D-Q a4H Db
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FET BIASING

For the field-effect transistor the relationship between input and output quantities is
non-linear due to the squared term in Schockley’s equation. This non-linear relationship
between Ip and Vgs can complicate the mathematical approach to the dc analysis of FET
configuration. A graphical approach may limit solutions to tenths place accuracy but it is a
quicker method for most FET amplifiers.

Another distinct difference between the analysis of BJT and FET transistors is that the
input controlling variable for a BJT transistor is a current level, while for the FET a voltage is
the controlling variable. In both cases, however, the controlled variable on the output side is
a current level that also defines the important voltage levels of the output circuit. The general
retationships that can be-applied to the dc analysis of all FET amplifiers are

For JFETs and depletion-type MOSFETSs shockley’s. equatlon is applled to relate the input
and output quantities:
Ip=1Ipss[1- Vgs|”

_ A
For enhancemem-type MOSFETSs the followmg equahon is applicable:
=K(Ves - V)

JFETs and Depletion type MOSFETS Voo

Fixed Bias Configuration->

The simplest of biasing arrangements
for the n-channel JFET appears in the
following figures '

C

The configuration includes the ‘ac levels V; and V and the coupling capacitors ( C; and Cy).
The coupling capacitors-are “open circuits” for the dc analysis and low impedances for the ac

- analysis. The resistor Rg is present to ensure that V; appears at the input to the- JFET

amplifier forthe ac analysis.
For the dc analysis
Ic=0A
and Vpg = I Rg = (0A) Rg =0V
Applying KVL in the clockwise direction of the indicated loop will result in -
~Vaa-Ves 0,
and ' VGS = ‘VGG !

Since Vg is a fixed de supply the voltage Vgs is fixed in magnitude, resultmg in the notation
“ fixed-bias configuration”.
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Ip=1Ipss |1~ Vgs
Ve

The drain-to-source voltage of the output section can be determined by applying kirchoff’s
voltage low as follow:

The resulting level of drain current Ip ijnow controlled by shockley’s equation:

and i Vps=Vpp— ID Rp i

Vps=Vp-Vs
Vp = Vps + Vs = Vps + 0V

..........

__________

and :Vc‘—'VGs:

Since the configuration requires two dc supplies, its use is limited.

SELF BIAS CONFIGURATION=>
The self-bias configuration eliminates the need for two

dc supplies. The controlling gate-to-source voltage is now determmed by the voltage across a
re51stor Rs mtroduced in the source leg of the configuration. Vob

For the dc analysis the capacitors can again be replaced by “open circuits” and the resistor Rg
replaced by a short circuit equivalent since Ig = 0A.

The current through R is the source Is, but Is=Ip and Ves=IpRs
For the indicated closed loop,
-Vgs —Vrs =0
and  Vgs=-Vrs

______________

or | Vgs=-TpRs!
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Note in this case that Vgs is a function of the output current Ip and not fixed in magnitude as
occurred for the fixed-bias configuration,

Ip =Ipss (1- Vgs|*

Ve

=1Ipss {1+ IpR 2
Vp

The quadratic equation can be solved for the appropriate solution for Ip =~
Applying Kirchoff’s voltage law to the output circuit, . S
Vgs + Vps +Vrp~ Vpp =0
and  Vps=Vpp—Vgrs—Vrp

= Vpp—IsRs~ IDRD
but ID = Is
_ and  Vps=Vpp—Ip(Rs+Rp)
In addition: Vs =IpRs
Vg=0V

and VD VDS + VS = VDD - VRD

VOL TAGE - DIVIDER BIASING >
The voltage divider bias arrangement applied to BIT transistor ampllﬁers is also applied
[ to FET amplifiers. The base construction is exactly the same, but the dc analysis of each is
; qu1te'dlfferent Ig = 0A for FET amplifier, but the magnitude of Iy for common-emitter
{ amplifiers can affect the dc levels of current and voltage in both the input and output circuits.
! Ig provided the link between input and output circuits for the BJT voltage-divider
configuration while Vgs will do the same for the FET configuration

Voo Voo Voo

R, 4 R, .
[ o

Vo  uem

. 1 ks

R, R, Rs

All tpe capacitors, including the by pass capacitor Cs, have been replaced by an “open
01rcu1.1” equivalent. In addition, the source Vpp was separated into two equivalent sources to
permit a further separation of the input and output regions of the network.
Since Ig = 0A, Kirchoff’s current law requires that Ir, = Irs using voltage divider rule:
V6=R; Voo

' Ri+R;

Applying KVL in the clockwise direction to the indicated loop
VGs ~Vgs=0
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Applying graphical analysis, Vgs= V|
ID =0mA
ID = \ﬁ
VGS =0V

The two points defined above permit the drawing of a straight line to represent the equation.
The intersection of the straight line with the transfer curve in the region to the left of the
vertical axis wiil define the operating point and the corresponding levels of Ip and Vgs.
Once the quiescent values of Ipg and Vgsq are determined, the remaining network
analysis can be performed in the usual manner. That s,
Vps =Vpp —Ip (Rp + Rs)

Vp=Vpp - bRp
Vs=IpRs
Ipi=Igz= Rl +R,

The similarities in appearance between the transfer curves of JFETS the depletion type
MOSFETs permit a similar analysis of each in the dc domain. The primary difference
between the two in the fact that depietion type MOSFETs permit operating points with
positive values of Vgs and levels of Ip that exceed Ipss. In fact, for all the configurations

discussed thus for, the analysis is the same if the JFET is replaced by a depletlon-type

MOSFET.

ENHANCEMENT TYPE MOSFETS

The transfer characteristics of the enhancement type MOSFET are - quite different .

from those encountered for the JFET and depletion type MOSFETS resulting in a graphical
solution quite different from the preceding sections. For the n-channel enhancement-type
MOSFET, the drain current is zero for levels of gate-to-source voltage less than the threshold
level Vgserny: For levels of Vs greater than Vs, the drain currentis defined by Ip = K(
Vas — Vasam)” where
K= ID on)
(Vas(on = Vosm))

FEED BACK BIASING ARRANGEMENT 9
Vbp

A A T T AR

i3

oy

PRI TS e

il
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The resistor Rg brings a suitably large voltage to the gate to drive the MOSFET “on™.

Ig = 0mA and Vgg=0V for the dc equivalent network.

Since the above equation is that of a straight line, the
points Vs = Vppl and Ip= \ﬂ)

ID—" OmA RD VGS=0V
determine the two points that will define the plot on the graph; '

VOLTAGE - DI V{/DER BIASING ARRANGEMENT >

The fact that Ig = OmA results in the following equation
for Vg as derived from an appllcatlon of the voltage-

divider rule
_ RyVpp
Ve R;+R;

Applying KVL around the indicated loop
+VG—VGS_‘VRS=0
and VGS = VG - VRS

i or i Vgs=Vg-IpRs :

For the output section:
Vid+ Vos + Vap ~Vpp =0
and  Vps=Vpp~— Vgs- Vrp
or Vps = Vpp - Ip (Rs +Rp)

since the characteristics are a plot of Ip versus Vgs and the above equation relates the same
two variables, the two curves can be plotted on the same graph and a solution determined at
their intersection. Once Ipg and Vgsq are known, all the remaining quantities of the network

such as Vps, Vp and Vg can be determined.
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OBJ_I__ZCTI VES QUESTIONS - FET BIASING

1. An n-channel JFET, having a pinch off voltage (Vp) of -5V shows a transconductance
(gm) of ImA/V when the applied gate-to-source voltage (Vgs) is —3V. lIts maximum

transconductance (in mA/V) is (GATE 2001, EEE)
a3 b) 2.0 ) 2.5 d)3.0

2. The value of R for which the PMOS transistor in figure will be biased in linear region is
+4V (GATE 2004, EEF)
a) 220Q
b) 470Q ﬁ vT =-1V
c)680Q C
d) 1200Q lmA

3. The action of a JFET in its equivalent circuit can best be represented as a (GATE 2003, ECE)
a) eurrent controlled current source b) current controlled voltage source
¢) voltage controlled voltage source d) voltage controlled current source

4. The voltage gain Av A Vo /V; of the JEET an]pliﬁc%r (GATE 02, ECE}
a) +18 . I _ Vpp = +10V
RD(31(Q) ID =1mA

b) -18 Iss= 10 mA
Vp =.5V
c) +6 (AssumeCy, Gy, Cs
. to be very large)
d)-6

5. Two identical FETs each characterized by the parameter gm and rd are connected in
patallel. The composite FET is then characterized by the parameter. - (GATE 98, ECE)
a) gm/2 and 2ry b) gn/2 and rq4p C) 2g, and rgp d) 2gn and 2r4

06 In the MOSFET ampllﬁer the 31gnal outputs Vl and V2 obey the relationship
: (GATE 98, ECE)

‘a)zvl = V2 12

b) Vi=-V,/2

,C) V|=2V2 . v, i’
d) Vl = -2V2 ==

7 The given-figure shows a composite_transistor continuity of 2 MOSFET and a bipolar
transistor in cascade. The MOSFET has a transconductance gm of 2mA/V and the bipolar
transistor has §§ (Ahy) of 99 The overall transconductance of the composite transistor is

a) 198 mA/V Vee (IES 99, ECE)

b) 19.8 mA/V
c) 1.98 AV
Cis very large
dig 28 sV
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8. For an n-channel JFET, having drain-source voltage constant if the gate-source
Voltage is increased (more negative) pinch-off would occur for
a) High values of drain current b) Saturation values of drain current
¢) Zero drain current d) Gate current equal to drain current

9. In modern MOSFETs, the materlal used for the gate is

a) High quality sili¢on™"" - 'b) High purity silica .
€) Heavily doped polycrystalline silicon d) Epitaxial grown silicon
10. The pmch-off voltage of a JFET is 5.0 volts. Its “cut-off” voltage is
a)(5.0" - b2sv S50V T A0
11. ‘The transconductance gy, of a FET in the saturation region-equafs:
o 2
a U Vp by 7r Vp
1/2
Ve I
21 [1 - AJ . —
) Ve d) VP(Ims' —[DS)HZ

12. Consider the following statements:
Threshold voltage of a MOSFET can be lowered by

1) Using a thinner gate oxide " 2) Reducing the substrate connection
3) Increasing the substrate connection

Of these statements: ‘
a) 3 alone is correct : _ b)1 and 2 are correct
¢) 1 and 3 are correct d) 2 alone is correct

13.Consider the following devices: o
1. BJT in CB mode ° 2BJTinCEmode 3.JFET 4 MOSFET

The correct sequence of the devices in mcreasmg order of thelr input impedances is:.
- ay1,2,3.4 . b)2,1,34 . - ¢)2,1,43. ' dy 13,24

14. Mach the items given in List- I(structures/characteristics) with List- [[(Reasons) in
respect of JFET and Select the correct answer using the codes given below the lists:

List-I List-IT

A. N-channel JFET is better than 1. Reverse bias increases the channel

P-channel JFET
“"B. Channel is wedge shaped 2. High electric field near the drain

' : and directed towards source

C. Channel is not completely _

closed at pinch-off : "+ 3. Low leakage current at the gate

terminal .
D. Input impedance is high 4. Better frequency performance
Code: -

a) A-4,B-1,C-2,D-3
¢) A3B-1,C-2,D- 4

b) A-4,B-2,C-1,D-3
d) A-3,B-2C-1D-4
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15. The below Fig. Shows the circuit symbol of

]) drain
Gate substrate
le—O
l source : e -;

a) FET b) PMOS FET ¢) MOS FET " d)NMOS FET

* 16.The output current versus mput voltage transfer characteristic of an n-channel JFET is
Such that there is

a) Zero current flow at zero input voltage bias

b) Current flow only when a positive input threshold voltage is crossed

c) Current flow only when a negative input cut-off voltage bias is crossed

d) No cut-off input voltage

17. A JFET circuit using voItage -divider bias is shown in fig. The-gate voltage is
+Vpp= 15V

a) 3.55V . b)365V ¢)3.75V d)3.85V

18. A JFET has a potential divider bias arrangement, if the resistor between the gate
and power supply terminal is removed. The JFET will
a) continue to work as an amplifier
b) have a forward bias gate w.r.t. source
c) not work as an amplifier but will work as switch
d) immediately burn out

19. An n-channel JFET has Ips whose value-is -
a) maximum for Vss=0, and minimum for VGs— negatlve and large
b) minimum for Vgs=0, and maximum for Vss= negative and large
¢) maximum for Vss=0, and minimum for Vgs= positive and large
d) minimum for Vgs=0, and maximum for Vgs= positive and large

R

KEY: L.e 2d 3d 4d 5¢ 6a 7d 8¢ 9c¢
10.c 11.a 12.¢ 13.a 14.a 15.d 16.¢ 17.c¢ 18.a

19.a

Chapter - 3 SMALL SIGNAL MODELING & ANALYSIS'

|

One of our first concerns in the sinusoidal a{; analysis of transistor networks is the
magnitude of the input signal. It will determine' whether small signal or large signal
techniques should be applied. There is no set dividing line between the two, but the
application, and the magnitude of the variables of interest relative to the scales of the device
characteristics, will usually make it quite clear which method is appropriate.

There are two models commonly used in the small-signal ac analysis of transistor
networks. The r. model and the hybrid equivalent model.

It is indeed fortunate that transistor small signal amplifiers can be considered linear
for most applications, permitting the use of the superposition theorem to isolate the dc
analysis from the ac analysis. '

BJT TRANSISTOR MODELING-> 7 )
A model is the combination of circuit elements, properly chosen, that best
approximates the. actual behavior of a semi conductor device under specific operating

conditions. Once the ac equivalent circuit has been determined the graphic symbol of the

device can be replaced in the schematic by this circuit and the basic methods of ac circuit
analysis (mesh analysis, nodal analysis, and Thevenin’s theorem) can be applied to determine
the response of the circuit. The r, model equivalent circuit is derived directly from the
operating conditions of the transistor while the hybrid equivalent circuit suffers from being

- limited to a particular set of operating conditions if it is to be considered accurate. In turn,

however, the r. model fails to account for the output impedance level of the device and the
feedback effect from output to input.

The ac equivalent of a network is obtained by setting all dc sources to zero and replacmg
them by a short circuit equxvalent

THE IMPORTANT PARAMETERS: 7, , Zy, Av, Ai

i — - D
+ o———  Two- Port D'Z-'k v
. Vi > Z System < 40 Yo

Input impedance, Z; > -

For the input side, the input impedance Z; is defined by Ohm’s law as the following:

-V
Z; I
For small-signal analysis, once the input impedance has been determined the same numerical
value can be used for changing levels of applied signals. The input impedance of a BJT
transistor amplifier is purely resistive in nature, and depending on the manner, in which the
transistor is employed, can vary from a few ohms to megaohms.
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The input impedance is then determined in the following manner:

The level of the input impedance can have a signiﬁcant impact on the level of signal that-
reaches the system. I

Output Impedance, Zy > )
The output impedance is determined at the output terminals looking back into the
system with the applied signal set to zero.

. o Rsource N
The output impedance is determlned —  ANWN—T
by Io -V V. Rsource Two + & F
RSense VS =0V Port VO < Zo _V
and Zo=Vyl]y _ System | —

The output impedance of a BJT amplifier is resistive in nature and depending on the
configuration and the placement of the resistive elements, Z, can vary from a few ohms toa
level that can exceed 2MQ.

An ohmmeter cannot be used to measure the small signal ac input and output impedance
since the ohmmeter operates in the dc mode.

Voltage Gain, Ay > Rsouree  TV; .
One of the most important AvnL Vo -
characteristics of an amplifier is the

-

~small signal ac voltage gain as
determined by Av=Vg/V; _ -
. The no load voltage gain, Aynt, Vi | Ry =0
For transistor amplifiers, the no load voltage gain is greater than the loaded voltage gain
For the system having a source resistance R,

Ve _ __Zi
Avs = Ve Z +Rs Avn
Depending on the configuration, the mzlgnitudé of the voltage gain for a loaded single-stage
transistor amplifier typically ranges from just less than 1 to a few hundred.. A multi Stage
jsystem, however, can have a voltage gain in the thousands.
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Current Gain, A; 2> A= I
i I
I.

For BJT amplifiers, the current gain +oi b
typically ranges from a level just vi | BIT *
less than 1 to a level that may exceed 100. v 7, | amplifier | S Ry Vo
For the loaded situation[; = i andly= —-° ] -

Zi : RL

Alzb =-VQ/RL —-Vo Z, g
i V|/Z| V, RL

Phase Relationship >

The phase relationship between input and output sinusoidal signals is important for a
-variety of practical reasons. Fortunately, however; for the typical transistor amplifier at
frequencies that permit ignoring the effects of the reactive elements, the input and output
signals are either 180° out of phase or in phase.

THE r. TRANSISTOR MODEL ->
The r, model employs a diode and controlled current source to duplicate the behaviour
of a transistor in the reglon of interest.

Common Base Configuration: ' - -

One junction of an operating transistor is {forward biased while the other is reverse
biased. The forward biased junction will behave much like a diode. For the base to emitter
Junctlon of the transistor the diode equivalence between the same two terminals seems to be
quite appropriate. For the output side, I, = I, (as derived from I = a L) for the range of =~ —
values of Vg, The current source establishes the fact that Ic = o I, with the controlling
current I, dppearing in the input side of the equivalent circuit. We have therefore gstablished
an equivalence at the input and output terminals with the current- controlled source,
providing a link between the two.

26mV
I

The ac resistance of the diode, r. =

that the input impedance E Zi= I}
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——

_________

The output 1mpedance ‘ 1Zy= © Q.

Inactuality for the CB configuration, typical va)ucs of Z are in the mega ohm range.
In general for the common base configuration the input impedance is relatively smail and the

outpdy impedance qmte hlgh

(10 RL) (IR _ aleRy
Voltage gain. Av Va (Lra  (r) lere

P _oR R
H Av Te T I H
Current gain,
_Ly _ i:_ - ~a L
AT T L TR

Common Emitter Configuration: :
The controlled — current source is still connected between the collector and

base terminals and the diode between the base and emitter terminals. In this configuration, the
base current is the input current, while the output current is still L.

=81
The current through the diode L=L+=pLh+h
L=+
However, since the ac beta is typically much greater than 1,
=Pk
Vi '_Yge ~ E Iy re

Input impedance, Z; =—Ti— = L | -

____________
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The resulting minus sign for the voltage gain reveals that the output and input voltages are

180° out of phase.
Current gain, A= —}0— = _IICT _EIITb

_________

Commen collector configuration: For the commeon collector configuration, the niodel
defined for the common — emitter configuration is normally applied.

THE HYBRID EQUIVALENT MODEL >__ N - Io
Vi=hprli+hp Vo I+ o—--0 o112
. Vi . Q VO
Io=hy Li+hp Vo R e I e R

The parameter relating the four variables are called h -- parameters from the word “hybrid”. -
Thie term hybrid was chosen because the mixture of variables (V and I) in each equation
results in a “hybrid” set of units of measurements for the h — parameters.

h'” = _\I/L Vo=0 ohms

1

The ratio indicates that the parameter h, is an impedance parameter with the units of ohms. .
Since it is the ratio of the input voltage to the input current with the output terminals shorted,
it is called the short circuit input impedance parameter.’

v.

hp = Ve

Ii=0 unit-less.
The parameter hy,, therefore, is the ratio of the input voltage to the output voltage with the
input current equal to zero.It has no units since it is a ratio of voltage levels and is called the
open — circuit reverse transfer voltage ratio parameter. -

hyy= Ig | Vo=0 unit-less ]
The parameter hy; is the ratio of the output current to the input current with the.output
terminals shorted. This parameter has no units since it is the ratio of current levels. It is

- formally called the short — circuit forward transfer current ratio parameter.

hyy = L

Ve I;=0 Siemens

Since it is the ratio of the output current to the output voltage, it is the output conductance
parameter and is measured in Siemens(S). It is called-the open circuit output admittance
parameter.

Apply Kirchoff’s voltage law “in reverse” to find the input circuit. Since the
parameter hy; has the unit ohm, it is represented by a resistor. The quantity hy; is
dimensionless and therefore simply appears as a multiplying factor of the “feed back” termin
the input circuit. h
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Apply Kirchoff’s current law ~in reverse” to obtain the output circuit. Since hy; has the units
of admittance. which for the transistor model is conductance, it is represented by the resistor
symbol. Whose value.is equal to hy.

A h, D

hy; = input resistance = Iy; oM — +
hiz = reverse transfer voltage ratio > h,  V; hVy EI\D on hol Vo
hyy = forward transfer current ratio 2 by _, —{

h;; = output conductance =2 hy '

o0 —

The above circuit is applicable to any linear three terminal electronic device or system with
no internal independent sources. For the transistor, therefore, even though it has three basic

configurations, they are all three — terminal configurations, so that the resulting equivalent . - -

circuit will have the same format. The h parameter, however, will change with each
- configuration.

Ih P - Ic
Iy - - I " b 1=~ c :
L — o : +
ot "% o %
C ’ Ve hedy
Rl -
+ l + - + 4
Vbe Ie Vcc Vbe Vce
l E - Iel e -
i . Ie hib Ic
1 : <—Ic e_°>— :o C
Lo 6 L
C U hrl Vcb hjble
h

+ =] It ! N +
- +
Veb.—Ibl ) Veb I—» _ Vcb
B T bl .

For the CE configuration, I. Ib, Ip ==Icand through an application of Kirchoff’s current law,
Ic= Iy + L. The input voltage is now Vp, with the output voltage Vc.

For the CB configuration, §;= I, Iy = I with V= V; and Ve = Vy. The above
networks are applicable for pnp as well npn transistors.

' For the CE and CB configurations the magnitude of h, and hy is often such that the
results obtained for the important parameter such as Zi, Zo, A, and A, are only slightly
_affected if they (h; and hy) are not included in the model.

Since h; is normally a relatively small quantity, its removal is approx1mated byh =0
and h; Vo = 0, resulting in a short circuit equivalent for the feed back element. The resistance
determined by 1/hy is often large enough to be ignored in comparison to a parallel load
permitting its replacement by an open — circuit equivalent for the CE and CB models.

!
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L ;
il + | +
T Vﬂ Vl hl

Also nrc;lrévfl{é?réialionship between the hybrid and r. — models.

hie = B Ie -

and he = By

hip=re -

and hg, = - @ = -1. The minus sign accounts for the fact that the current source of the standard
hybrid model is putting down rather than in the actual direction in the r, model.

The hybrid parameter hy, (Bac) is the least sensitive of the hybrid parameters to a
change in collector circuit. Assuming, therefore that he, = B is a constant for the range of
interest is a fairly good approximation. It is hi = P r that will vary significantly with Ic and
should be determined at operating levels, since it can have a real lmpact on the gain levels of
a transistor amplifier.

The approximate relations between the parameters are given below:
Common — Emitter Configuration .

hiz——hﬂ'—; e
“Tl+hy P

hreE hxhhnh_ 'hrb

=
=
]
L_._.
' I~
n
=

Common-Base Configuration

h; -h;
“ hp=z ‘1‘:“;1"; = —ﬁ =TI,
hrb =7 ‘l:hl::e - hre = hrc -1- |;11::c
he = -h¢ = H{(I+he) = -
1+ hfe hfc
Lehe by
1+ hfe hfc
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Common-Collector Configuration
hi

hie = [+ by = Pre
hez 1

= -l = -
hro= 1 +hg - B

~ hob
e = 1 + hg

Characteristics of Common Base Amplifier
o Current gain is less than unity-and its magnitude decreases with the increase
of load resistance R;
¢ Voltage gain Av-is-high for normal values of Ry
o The input resistance R, is the lowest of all the three configurations, and
o The output resistance Ro is the highest of all the three configurations. ,
Applications The CB amplifier is not commonly used for amplification purpose. It is used
T for :
matching a very low impedance source
as a non-inverting amplifier with voltage gain éxceeding unity
for driving a high impedance load
as a constant current source

Characteristics of Common Emitter Amplifier
o The current gain A; is high for R;(<10KQ)
o The Voltage gain is high for normal values of load resistance Ry,
o The input resistance R; is medium, and
« The output resistance R, is moderately high.

Applications Of the three configurations CE amplifier alone is capable of providing both
voltage gain and current gain. Further the input resistance Ri and the output resistance Ro are
moderately high. Hence CE amplifier is widely used for amplification purpose.

" Characteristics of Common Collector Amplifier
o For low value of R, (<I0KRQ) the eurrent gain A, is high and almost equal to
that of a CE amplifier,
o The voltage gain A, is less than unity,
o The input resistance is the highest of all the three configurations, and
o The output resistance is the lowest of all the three configurations
*
Applications The CC amplifier is widely used as a buffer stage between a high Impedance
seurce and a low impedance load. The CC amplifier is called the Emitter Follower:

FET SMALL SIGNAL MODEL:-
The ac analysis of a FET configuration requires that a small signal ac model for the FET be
developed.
The gate — to — source voltage controls the drain — to — source (channel) current of an
FET through a relationship known as Shock{ey s equation:
Ip = Ipss(1 — Vgs/ V,)
i The change in collector current that will result from a chan_ge in gate - 10 — source voltage

:can be determined using the transconductance factor Em: . Alp=gn, AVGS '

___function at a point is equal to the slope
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Solving for g, we have :

gn is actually the slope of the transfer characteristics at the point of operation. That is,

gm=m=Ay/AX = Alp/ AVgs

o

& foss

The slope, and therefore gy, incréase as .
we progress from V,, to Igsy- O, in other words, -
as Vgs approaches OV the magnitude of g, increases.

g s (= Sope 1 @ poie)

An alternative approach to determine gm
employs the fact that the derivative of a” -

of the tangent line drawn at that point. > 5
A

d
AVg [loss (- Vas/ Vo)l

Alp dlo B
Em= AVGSth dVGs Qpt =

d \"/
= Ipss AVes a- "%)2

=2Ipss[ 1+ Ve <.l Vs (1- Ve )

VGS _]_._dVGs
—ZIDSS[I‘V ]dVGS (l) Vp * d Vgs

=2IDss[1—VGS][0“ ]

ZIDSS VGS

e

and g, =

where |Vp| denotes magnitude only to ensufé a positive value for gp.

Maximum value of g, for JFET in which Ipss and V), are specified is gm = 2lpss (10
Vel Vp

gm = Emo l'\LG_S_}
Vo) -

A mathematical relationship between gn and the dc bias current Ip can be derived by noting

~ that Shockley’s equation can be written in the following form :

1— Yes _ 'li?_
Vp Ipss
_ Ip
Zm = Emo (1- ) Emo I_—
Dss

Note if Ip = Ipss » 8m = gmo

b= —%ﬁ , gm=0.707 gup

Vos
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I
b= ZSS s Bm =0.5 gmo

Input Impedance Z; = The input impedance of all commercially available FETs is
sufficiently large to assume that the input terminals approximate an open circuit. In equation
form, ) ST

'Z (FET) = 0 Q!

]
_______________ 4

Output impedance Zg >

AV
ZyFED) == AISS Vs = constant .

The output impedance is defined on the characteristics asthe slope of the horizontal
characteristic curve at the point of operation.

FET AC Equivalent Circuit >
The control of Ip by Vg is included as a-current source g, Vs connected from drain to
source. The current source has its arrow pointing from drain to source to establish a 180°
phase shift between output and input voltages. -
The input impedance is represented by the open

circuit at the input terminals and the output impedance G + - D

. . o—1—o0
by the resistor ry4 from drain to source. Note that the gate y —°

to source voltage is now represented by V. to distinguish
it from dc levels. The source is common to both input and
output circuits while the gate and drain terminals are only
in “touch” through the controlled current source g, V.

Vs 8mVes St

wo
(7]

OBJECTIVESSET - A

1. In the transistor amplifier shown in the figure, the ratio of small signal voltage gain when
the emitter resistor R, is bypassed by the capacitor C, to when it is not bypassed, (assuming
simplified approximate h — parameter model for transistor, is _ :

a) l-

b) hee

c)(1+he)Re .
hie

dy L+ (1+he) R,

e

2. One of the applicatiorié of current mirror is

a) output current limiting

b) obtaining a very high current gain
c) current feed back

d) temperature stabilized biasing

!
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1. In the circuit, assume that the transistor has /g = 99 and Veg =0.7 V. The value of
collector current I¢ of the transistor is approximatety

3.3kQ
a)[33/3.3] mA 1
33kQ c
b)[3.3/(3.3+0.33)] mA | v
W 3.3kQ
: ) [33/33) mA T )
d)[33/(33+33)]mA

4. The transconductance gy, of the transistor shown is 10 mS. The value of the input-

resistance Ria is
Vee

2) 10.0kQ . o
b) 83 kQ _ cl= w TV,
: ) VSO_—“
0)5.0kQ 10kQ2
C=w
d) 2.5kQ T

5. In the CASCODE amplifier, if the common emitter stage (Qy) has a transconductance gmi,
and the common base stage (Q;) has a transconductance gmo, then the overall :

transconductance is

a) Eml

b) gm2

) gmi/2
d)gm /2

) 6; The frofa BjT is-related to its gm, Cr and C,, as follows :

—C,+C,  b)fr=2n(C, +Cy) Ofi= gn  dfr=_gn
a) fT Cug i ) T e 4. C" ™ Cu 2n(cu+Cn)
m
7. A Darlington stage is shown. If the transconductance of Q) is gm and Qz is gma, then the
I°
7 overall transconductance gme = ‘ ALS l is given by - Vee
Vbec Q
a) gmi ]
b)05gm
¢) gm2 : Ve Q
d) 05 gma L =
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8. For a bipolar transistor, h,. has the dimensions of
(a) Ohms, (b) Siemens, (c) Amperes, (d) mhos,

9. The common-emitter leakage current of a bipolar transistor is high, if

(a) the temperature is high, (b) the temperature is low,

(c) Ve is high, (d) hy is high, () the frequency is high.

10. The h-parameter model is more commonly used because
(a) the h-parameters can be measured more accurately,
(b) the h-parameters do not vary with frequency,
(c) the analysis, using the h-parameters, gives the same expressions for the performapce
._measures for all the configurations, '

(d) the h-parameter model is an accurate representation of the transistor mechanism.

11. The potential divider bias is more commonly used because it

(a) uses minimum circuit components.

(b) uses only one battery,

(c) does not reduce the input and output impedances drastically,
(d) stabilises the collector current.

12. The common collector circuit has a voltage gain which is

(a) much higher than unity, (b) equal to unity,

~.(c) slightly less than unity, (d) far less than unity.

ey ;

13. The circuit, having the lowest input impedance, is
(a) a C-E circuit,

(b) a C-B circuit, (c) a C-C circuit, (d) none of the above.

14. The approximate C-E h-parameter model can be used for analysis when

(a) hye is very small (b) hye is very small

(c) R, is very small (d) hreand (hoe Ry, are very small)

15. In an R=C coupled amplifier, if the emitter by-pass capacitor C, is disconnected, the mid-
band gain of the stage will

(c) remain unchanged  (d) become unstable .

(a) increase (b) decrease

L
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16. The common-base stage is not used for a cascaded chain AF amplifiers because of its
(a) low input resistance (b) low-current gain

(c) high-output resistance (d) zero phase-shift for the signal

17. In an R-C coupled amplifier, the low frequency response will be improved by

(a) decreasing the value of the coupling capacitor
(b) increasing the value of the coupling capacitor
(c) removing the coupling capacitor

(d) none of the above.

18. The short-circuit current gain-bandwidth product of a transistor changes with change in

(b) the operating collector current
(d) the value af source impedance

(a) the configuration
(c) the value of load impedance

Key- SET A -
1. 2d 3b 4¢ Sa 6d 7a 8b 9%9a 10d 11d 12.b
13.b 14.d 15b 16.a 17.c 18.b

SET-B

01. Choose the correct match for input resistance of various amplifier
configurations shown below '

Configuration Input resistance

CB: Common Base LO: Low
CC: Common Collector MO: Moderate
CE: Common emitter HI: High

(A)CB-LO, CC-MO,CE~HI —
(B)CB-LO, CC-HI, CE-MO
(C)CB~-MO,CC~HI, CE-LO
D)CB-HI, CC-LO, CE-MO

58K
"02. The transistor in the amplifier shown has following parameters: |
he = 100, bie =2 KO, he =0, hoe =0.5 mmhos, -y

The output impedance is
(A)20KQ.__  (B) 16KQ

(C)SKQ (D)4KQ

03. The configuration of 2 CASCODE amplifiers is

(A)CE-CE  (B)CE-CB {C)CC-CB

(D) CC-CC

KEY:(1)B (2)D (3)B



Chapter: 4 FREQUENCY RESPONSE

-The frequency of the applied signal can have a pronounced etfect on the response of a
single or multistage network. At low frequencies we shall find that the coupling and bypass
capacitors can no longer be replaced by the short circuit approximation because of the
increase in reactance of these elements. The frequency-dependent parameters of the small
signal equivalent circuits and the stray capacitive elements associated with the active device
and the network will limit the high-frequency response of the system. An increase in the
number of stages of a cascaded system w1ll also limit both the hlgh and low—frequency
responses.

For the RC coupled ampllﬁers the drop at’ low frequenctes is due to the i mcreasmg
reactance-of Cc, Cs, or Cg, while its upper frequency limit is determined by either the
parasitic capacitive elements of the network and frequency dependence of the gain of the
active device. For the direct coupled amplifier, there are no coupling or bypass capacitors to
cause a drop in gain at low frequencies. As the figure indicates, it is a flat response to the
upper cutoff frequency which is determined by either the parasitic capacitances of the circuit
or the frequency dependence of the gain of the active device.

Low-frequency range

High-frequency
range
Midfrequency
| range

[ S,

E3

There is a band of frequencies _in,.\which the magnitude of the gain is either equal or relatively
close to the mid band value. To fix the frequency boundaries of relatively high gain, 0.707

Aymig is chosen to be the gain at the cutoff levels. The corresponding frequencies (fi) and -

(fy) are > generally called the comner, cutoff, break, or half power frequencies. The multiplier
.0.707 was chosen because at this level the output power is half the mid band power output,
“that is, at mid frequencies, :

Pomid = Ve | _ |Avmia Vi
Ry Ry

and at the half — power frequencies,

POHPE = 10,707 Aymia Vi]

~05 IAV,.Jsovi I’

and Poypr = 0.5 Pomid

___________________________

A decibel plot can be obtained by applying

_Av |dB = 20logj —2V
AVmid el AVmid
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It should be understood that most amplifiers introduce a 180° phase shift between input and
output signals only in the midband region. At low frequencies there is a phase shift such that
Vg lags V; by an increased angle. At high frequencies the phase shift will drop below 180°.

Low Frequency Response — BJT Amplifier

The analysis here will employ the loaded voltage ~ divider BJT bias configuration,
but the results can be applied to any BJT configuration. For the following network, the
capacitors Cs, Cc and Cg will determine the low frequency response.

C. : Since C. is normally connected between the applied source and the active device, the
general form of the RC configuration is established by the following network.
The total resistance is now Rg + Ri-and the cut off frequency is

_ 1

s = 2rReRIC, Ve

At mid-or high frequencies the reactance of the capacitor will be sufficiently small to permit
a short circuit approximation for the element. The voltage V; will then be related to Vs by

Vi o RiVs
mid~ R;+Rs o

At fig the voltage Vi will be 70.7% of the value determined by above equation assummg that
C_ is the only capacitive element controlling the low frequency response.

The voltage V; applied to the input of the active device can be calculated using the voltage-
divider Rule:

Voo RiVs
! RS+Ri_jXCc b

Cc : Since the coupling capacitor is normally
connected between the output of the active
device and the applied {oad, the R-C

configuration that determines the low

- Thevenin

cutoff frequency due to Cc appears as shown
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The total series resistance is now Ry + Ry and the cutoff frequency due to C¢ is determined
by

N

K7 2n(RytR,C,

Ignoring the effects of Cs and Cg, the output voltage Vo will be 70.7% of its mid band value
at fic Where Ry =Rdl 19 L

Ct : To determine fi ¢ the network “seen” by Cg must be determined _ :
: ’ o system % Ce %RE

Once the level of R, ié established, the cutoff frequency due to Cg can be determined using
the following '

1
ZHRCCE

At f g the gain will be 3db below the mid band value determined with Rg “shorted out™.

Although each will affect the gain Ay = V¢/V; in a similar frequency range, the highest low
frequency cut off determined by Cs, Cc or-Cg will have the greatest impact since it will be the
last encountered before the midband level. LVOD

Low Frequency Response — FET Amplifier Rp
The analysis of the FET amplifier in the . Cp
low-frequency region will be quite similar —
to that of the BJT amplifier. There are again Vi gD
three capacitors of primary concern:, sl

, Cg, Cc and Cs. ——..L _
Rg RST
Cs

[
Cg: For the coupling capacitor between the source and the active device the ac equivalent

equation:  fig =

Vo

Rg
L +

network is as shown Rig Co
+
The cutoff frequeney determined by Cg will then be . Vs > | system
. S R
1 [
fig= 75— Al =
L™ ZaRar RICe % Ri7Ra

’fypically, Rg >> Rgig and the lower cutoff frequency will be determined primarily by Rg and
Cq. The fact that R is so large permits a relatively low level of C while maintaing a low

" cutoff frequency level for fig
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Cc: For the coupling capacitor between the active device and the load the network is as
shown:

The resulting cutoff frequency is

! = tem R
=————— whereRy = Rpllr sysf < L
fLC zﬂ(Rﬂ + RL)CC Dll 14 ) | RO
Cs: For the source capacitor Cs The cutoff frequency is
I tem —C
fis = 55 . sys < s
ZKREQCS . RS ! Req, T
Where. - Req =

1+ R [ (1 + gata) / (ta+ Ropy Ri) |
Which for ry = o0 €2 becomes

Rs _ 1
=——2___ = Rg|]| ——
ch 1+ RS Em 9” em

Miller Effect Capacitance 2

In the high frequency region the capacitive elements of importance are t}le inter_eléf:trodc'
(between terminals) capacitances internal to the active device and the wiring capacitance
between leads of the network. The large capacitors of the network that controlled the. low- N
frequency response have all been replaced by their short-circuit equivalent dué to their very - -
low reactance levels. _ o

For inverting amplifiers (phase shift of 180° between input and output resgltmg ina
negative value for Av) the input and output capacitances are increased by a capacitance level
sensitive to the inter electrode capacitance between the input and output terminals of the
device Crand the gain of the amplifier. Cris the “feedback” capaqgapce. c,

,
Miller input capacitance > b

N
Applying KCL gives L=1;+L . ‘;’> 71 :
: vi 5003
Using ohm’s law YICldS— v, . > >
Ii“ Z s 1 R'r \ -
_Vi=Vo  _ Vi-AV _ (-AWi
and L = Ker Xer Xer
Substituting, we obtain v,V (1 - AYVi
B
Zi R; Xer I
| +
§ 5=t ek 4
an Z; R; cr (1-Ay Vi-—»Ri E

]' Cu=(~A)C
= Xem -

1

of 1-Av) Ct,

Cwm
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1 1 1
¢ L4
an Zi Ri Xcm

For any inverting amplifier the input capacitance will be increased by Miller effect

- capacitance
Ce
Miller output Capacitance 2> —j¢ 1\12
: b jd
+ o+
Av= Vo / V| C—
Vi Ro Vg
L S— o
L

The Miller effect will also increase the level of output éa__pacitance, which must also be

considered when the high-frequency cutoff is determined. Applying KCL will ;esult in

L=L+L
. (V- Vy
wlthll:%oL andlz=%l

The resistance Ry is usually sufficiently large to permit ignoring the first term of the equation

compared to the second term and assuming that

Io = L‘—uo — vi
, Xt
Substituting Vi=Vo/Ay from A,=Vo/V; willresultin -
L= Vo-VolAy _Vo(I-UAY)
o0 Xeg  — Xce
qp o 1-UAy o
and Vo Xer
V, X
Yo _ __ ACE
(or) o - 1-1Ay
-1 -
wcr (1 - 1/Av)
- A
@Cnmo

resulting in the following equation for the Miller output capacitance:

___________________

FICYUCTIILY NCIpPVIiow . -

ACE Academy

High Frequency Response — BJT Amplifier 2> . ) . o
‘At the high-frequency end there are two factors that will define the —3dB point: the network

capacitance (parasitic and introduced) and the frequency dependence of he(f)-

oVee

C_.
I . [
Rs g
N . 2 .
Vs .
- _ v
C
B I'x_. 1 ,i C
— At AN
o+
vbc +
Cx - Re 5 R
RB I'm vL
’ gmvbc )

The capacitance C; includes the inpg't wiring capacilapce Cuis the_transition. c'apacitanc‘e Clzu
and the Miller capacitance Cii. The capacitance .CO 1nclude§ the output wiring capacitance
Cuo, the parasitic capacitance Cee, and the output Miller Capacitance Cmo

The Thevenin equivalent circuit for the input and output networks are

R =RcITRdlro

Ry =Rell Rill RO R;

A A
VVFE

. o o
For the network the ~3dB frequency is defined by  fui = IR Cs

with R'rm = Ryl Rl” RZHRl
and C; = Cyi + Che + Cuti = Cui +Coe + (1-Av) Che

At very high frequencies-the effect of C; is to reduce the total impedance of the-parallel
combination of Ry, Ry, Ri and C; The résult is a reduced level of voltage across-Ci-a-

reduction in I, and gain for the system.
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|
2nRmaCo

with Rz = Rl Ryjj ro
and CO = C\\'o + Cce + CMO
At very high frequencies the capacitive reactance of Cp will decrease and consequently
reduce the total impedance of the output parallel branches.
The frequencies fiy; and fy, will each define a —-6dB/octave asymptote. The lowest frequency
would be the determining factor.

For the cutput network,  fj,, =

High Frequency Response -FET Amplifier > :
’ C‘A Cu

D | g D
: l !
+
v TR Vg Cu By ST :WLC" an RS,
4 .

At high frequencies C; will approach a short-circuit equivalent and Vg will drop in value and
reduce the overall gain. At frequencies where the Cy approaches its short circuit equivalent
the parailel output voltage V, will drop in magnitude.

The cutoff frequencies defined by the input and output circuits can be obtained by first
finding the Thevenin equivalent circuits.

Rmi = RsidIRg Rz = Rpjl Rylira

AN A

For the input circuit, -

in B ZTI:RTmCi )

and Rty =Ryl R
with C,=Cuit+ Cgs + Cwi
and  Cui=(1-A) Cy

and for the output circuit,

1
fiy= 2Rm2Co

with Ry = RplIRu i 14

ACE Academy

Multistage Frequency Effects

Frequency Response 02

and Co = Cw0+ Cds + CMo

and Cumo={1-11 Cea
Ay

AAT
0} —>

:ﬁ f ( log scale)
-3dB |
-6 dB

9 dB}-
1248
15 4B
IR dB

For n stages

= AVilow X AV 2jow X AV 310w coveens X Av
AV jow (overall) = AViow X AV 2low X AV 30w nlow

AV jowoveral = (AVi10w), for identical stages. .

2 1
Avitow(overaly _ [AViow| ™ _ 21—
Or AV low (overall) {Avmidj (l,'J fi/f)" -

Avmid

. o - . . ’ —1__ ] ) i
Setting the m:gnitude of this result equal to - (-33B level) resulisn—

f
N
i =iy

In a similar manner, it can be shown that for the high frequency region,

f= V(2™ b

pandwidth is not always associated with an increase in the m_lmber of stages if

A decrease in

the m dband gain can remain fixed and independent of the number of stages.
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JOBJECTIVE QUESTIONS SET-A

. Generally, the gain of a transistor amplifier falls at high frequencies due to the

a) internal capacitance of the device b) coupling capacitor at the input

¢) skin effect d) coupling capacitor at the output

. The current gain of a bipolar transistor drops at high frequencies because of

a) transistor capacitances b} high current effects i the base

¢) parasitic inductive elements d) the Early effect

. A multistage amplifier has a low pass response with three real poles-at s =-w;, -0, and -w;.

The approximate overall bandwidth ‘B’ of the amplifier will be given by

ayB=wtw+ w3 b) 1/B = l/o; + l/wy + 1/w;3

¢) B= (o +my+ 0"’ dB=Vor +o’ + o

. Which of the -following components control the low frequency of the-RC coupled

n

amplifier?

1) wiring capacitance 2) parasitic cépacitance of transistor

3) coupling capacitors 4) emitter by pass capacitance

select the correct answer using the codes given below:

a) 1 and 2 b)2and 3 c)3an4 d) 1,2 and 4

. The CE current gain — bandwidth product of a transistor (f7) is defined as the frequency at
which S L
a) Alpha of the transistor falls by 3 dB  b) Beta of the transistor falls by 3dB

c) Beta of the transistor falls to unity ~ d) Power gain of the transistor falls to unity

6. Consider the following statements in respect of the transistor R-C coupled amplifier:

1. The low frequency response is determined by the transistor junction capacitors.
2. The high frequency r;asponse is limited by coupling capacitors

3. The Miller capacitance reduces the gain at high frequencies

4. As the gain is increased the bandwidth gets reduced.
Which of these statements are correct?
a)land2 b)2and3

c)3and 4 d)land 4

KEY SET A: la 2a 3a 4dc¢ 5¢ 6.¢
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SET -B

01. In the cascode ampliﬁer shown in the
figure, if the common — emitter stage (Qy)
has a transconductance gm, and the
common base stage (Q;) has a
transconduc — tance gy, then the overall
transconductance of the cascode amplifier

is

Agm B)gm (©) %ﬂﬂ D) GTmz

02. An npn transistor (with C = 0.3 pF)has
a unity — gain cutoff frequency fr of
400 MHz at a dc bias current
Ic =1 mA. The value of its C,, (in pF) is
approximately (V1 =26 m V)

(A)15  (B)30 (C)50 (D)96

03. An amplifier is assumed to have a
single-pole  high-frequency transfer
function.The rise time of its output
response to a step function input is
35 nsec. The upper -3 dB frequency
(in MHz) for the amplifier to a

sinusoidal input is approximately

(A)4.55 (B) 10 (Cy20(D)28.6

04. The current gain of the bipolar
transistor drops at high frequencies ...
because of : R
(A) transistor capacitances
(B) high current effects in the base
{C)-parasitic inductive elements
(D) the Early effect

05. The Gurrent gain of BT is -

(A) galo ® &
’ (C) Emln (D ) &
£

06. An npn BIT has go = 38mA / V, C, =
10™*F, C; =4 x 10™F, and DC current
géin Bo = 90. For this transistor fr and
fp are
(A) fr=1:64 x 10* Hz and
fy=1.47x 10" Hz

(B) fr=1.47x 10" Hz and
fy=1.64x 10° Hz

(C©) fr=1.33%x 10 Hz and

fy=147x 10" Hz

(D) fr=1.47 x 10" Hz and

f,=1.33x 10" Hz
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07. Three identical RC — coupled transistor
amplifiers are cascaded. If each of the
amplifiers has a frequency response as
shown in the figure, the overall
frequency response is as given in

1Al
a8
0 ............
a0Hz 2KHz {
[Ayl
1] SS—
(CYRE
20Hz 1KHz f
1A
d8
[3] SRS —_—
) -3
)] 2
) 40Hz 05KHz |
1Al
.8
©) ST
40Hz- 1KHz f
1A
dB
0 ..........
) -3
()]
40Hz 2KHz f

08. Generally, the gain of a transistor
amplifier falls at high frequencies due

to the
(A) internal capacitances of the

device
(B) coupling capacitor at fhe input
{C) skin effect
(D) coupling capacitor at the output

ACE Academy

09. Three identical amplifiers with each
one having a voltage gain of 50, input
resistance of 1 K€ and output
resistance of 250 Q, are cascaded. The
open circuit voltage gain of the
combined amplifier is

(A)49dB - (B)51dB

(C)98dB (D) 102.dB

10. A bipolar transistor is operating in the

active region with a collector current

of ImA. Assuming that the B of the

transistor is 100 and the thermal voltage-

(V7)) is 25mV, the transconductance

(gm) and the input resistance (r,) of the -
transistor in the common emitter
configuration, are

(A) gn=25mA / V and 1 = 15625 kQ2
(B) g = 40mA / V and ry = 4.0 kO
(C) gn =25mA / V and 1, = 2.5kQ
(D) ga=40mA / V and 1, =25k

11. The cascode amplifier is a two stage
configuration of

(A)CC-CB (B)CE-CB
(C)CB-CC (D)CE-CC =~
KEY: SET B

A @A (B A OC
©B (A (®A ©C 0D

(11)B

'~ OPERATIONAL AMPLIFIER
AND APPLICATIONS

Chapter: 5

An operation amplifier is a very high gain amplifier having very high input impedance and
low output impedance. The basic circuit is made using a difference amplifier having two
inputs (plus and minus) and at Jeast one output.

Ro

ln\:/erting

Opam output

e v Ri% AV Yo v, é\,Aavd Vo
Non invertingo—— {4

input - - —

. O . Lo .
_mnput + ‘ /F' K » .

A plus (+) input produces an output that is in phase with the signal applied, while an input to
the minus(-) input results in an opposite polarity output. The:ac equivalent circuit of the op-
amp is shown .The signal applied between input terminals sees an input impedance, R;,
typically very high. The output voltage is shown to be the amplifier gain times the input
signal taken through the output impedance, Ro, which is typically very low.

An ideal op amp circuit would have infinite input impedance, zero output impedance, and an
infinite voltage gain. :

Basic Op-Amp R
R (withR, & Rf)

Fig. (a) Fig. (b)

The circuit shown provides operation as a constant-gain multiplier. An input signal, V), is .
applied through resistor R, to the minus input. The output is then connected back to the same

“minus input through resistor R¢. The plus input is connected to ground. Since the signal Vy is
essentially applied to the minus input, the resulting output is opposite in phase to the input
signal.1f we use the ideal op-amp equivalent circuit, replacing R; by an infinite resistance and
Ry by zero resistance, the ac equivalent circuit is shown in fig(b). The circuit is then redrawn,
from which circuit analysis is carried out.

'=——-——Rf~v‘ >> i 0 Vo= R
V; Rit (17 AV, If Av>>1 and A, R; >> R¢, as is usually true, then V; AVR|V'
Vo_ K¢
V =-AywW; — =-—
0=-AWV;i . v, R,

©
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" Unity gain: IfR¢ =Ry, Vo / V| =- 1, so that the circuit provides a unity voltage gain with
180° phase inversion.
Constant Magnitude Gain: If Ry is some multiple of R, the overall amplifier gain is a
constant. If we select, precise resistor values for Rs and R;, we can obtain a wide range of
gains, the gain being as accurate as the resistors used and is only slightly affected by
temperature and other circuit factors.
" Virtual Ground: The fact that V; ~ 0V leads to the concept that at the amplifier input there
exists a virtual short circuit or virtual ground. The concept of a virtual short implies that
although the voltage is nearly 0V, there is no current through the amplifier input to ground.
Current only goes through resistors Ry and Ry.

Differential and common mode operation
One of the important features of a differential circuit connection, as provided in an op-amp, is
the circuit’s ability to greatly amplify signals that are opposite at the two inputs, while only
slightly amplifying signals that are common to both inputs.
Differential Inputs: when separate inputs are applied to the op-amp, the resulting difference
signal is the difference between the two inputs.

Va=V; -V )
Common Inputs: When both input signals are the same a common signal element due to the
two inputs can be defined as the average of the sum of the two signals.

V=172 (Vi + Vi)
Output Voltage: Since any signals applied to.an op-amp in general have both m-phase and
out of phase components, the resultmg output can be expressed as

..................

Where R
V4 = difference voltage
V.= common voltage
Aq4 = differential gain of the amplifier
A; = common-mode gain of the amplifier

Opposite polarity mput If opposite polarlty inputs applied to an op—amp are ideally opposite
signals, .

Va=-Vp= Vs, Vi = Vi =V =Vs=(V9=2 Vs

Ve=1/2 (Vi + Vi) = H2[ Vs + (-V9)] =0

Vo=AqVa+ AVe = Ag(2V) + 0=2 A4V,
This shows that when the inputs are ideal opposite signals (no common element), the output
is the differential gain times twice the input signal applied to one of the inputs.
Same Polarity Inputs: If the same polanty inputs are applied to an op-amp, Vi; = Vi =V,
S Va= V=V =V V=0, V=12 (Vi + V)= 1/2(Vs + Vi) =V
Vo=AgVa+AVe = Ag(0) + A V= AV,

This shows that when the inputs are ideal in-phase signals (no difference signal), the output is
the common-mode gain times the input signal, V;, which shows thatenly common-mode
“operation, occurs.

Unity follower _:

. magnitude asthe input.

ACE Academy Analog circuits oy
Common-Mode Rejection Ratio: CMRR = E , CMRR {log} =20 logw%

1t should be clear that the desired operation will have A4 very large with A, very small. That
is, the signal components of opposite polarity will appear greatly amplified at the output,
whereas the signal components that are in phase will mostly cancel out so that the common
mode gain, A, is very small. Ideally, the value of the CMRR is infinite. Practically, the
larger the value of CMRR, the better the circuit operation. )

Vom Ava s AVem a1+ AVe | = agy, (14 Ye
0~ ANdVvd cVe dVvd Advd d CMRR Vd o

PRACTICAL OP-AMP CIRCUITS:

Inverting Amplifier: _ —

The output is obtained by multiplying the ™ AMA— -
input by a fixed or constant gain, set by the . D -
input resistor (R;) and feedback resistor " -
(Ry) — this output also being inverted from the input.
-R¢ : . -

Vo = TRVs L

Y%

-Non-inverting Amplifier:

It should be noted that the inverting émpliﬂer v
connection is more widely used because it has +
better frequency stability. R,

vi= R; +R; Vo v -~

R;

W= R - R, - -

The unity-follower circuit, provides a gain _

of unity(1) with no polarity or phase reversal. w e
Y

Vo= Vs +
and the output is of the same polarity and

Summing Amplifier: " Ry . R’,
The circuit shows a three-input summing amplifier,

which provides a means of algebraically summing R
(adding) three voltages, each multiplied by a se—AN~
constant-gain factor.

R
Vo = [‘ _ERf_Vsl—'l' .RLVS2 + R_erii] o5
R; 2 3
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In other words, each input adds a voltage to the output
multiplied by its separate constant-gain multiplier.
Voltage Subtraction:
Ry R,
R Re
2 "R, R VJ

ACE Acaaemy
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A filter that provides a constant output from dc upto a cutoff frequency fou and then passes
no signal above that frequency is called an ideal low-pass filter.
A filter that provides or passes signals above a cut off frequency fo is a high pass filter.
When the filter circuit passes signals that are above one ideal cut off frequency and below a
second cut off frequency, it is called a band pass filter.

Integrator:
c ir
[T If the feedback component used is a
' n capacitor, the resulting connection

-5, R . is called an integrator.

——AN— :

v T Xe = L 1 Y

_ — € jeC sC * Vs sCR

= | vo(t) = - R—IC [ve @) dt

More than one input may be applied to an integrator with the resulting operation given by

1 1
vo(t)= —[W [ it dt—+-R—ZE—:—f va(t) dt + T{:TI vi(t) dt ]
R i
Differentiator :
is C
o -

vs

vo(t)=-RC V5
dt

" Voltage Buffer:

Vo= Vs
1 —_—

A voltage buffer circuit provides a means of isolating an input signal from a load by using a
stage having unity voltage gain, with no"phase or polarity inversior; and acting as an ideal
circuit with very high input impedance and low output impedance.

ACTIVE FILTERS

A f_'llter circuit can be constructed using passive components: resistors and capacitors. An
active filter additionally uses an amplifier to provide voltage amplification and signal-
isolation or buffering. '

Vo/Vi Vo'Vi Vo'Vi
Low-pass ngh-pass - Band
filter filter pass .
f . f filter f
0 fon 0 fou 0 foo "~ fon
7 High Pass filter.
Low pass filter: R i
AVVi . mMm—

—fe=

-—» R
— A
Vs i
f —\'/o
= 2nRC

The figure shows a band pass filter using two stages, the first a high pass filter and the second
a low pass filter, the combined operation being the desired band pass response.

1 1
R
" OP AMP SPECIFICATIONS
Offset currents and Voltages: While the Op-amp output should be 0V when the input is 0V,
in actual operation there is some offset voltage at the output. R

The output offset voltage can be affected by two separate
circuit conditions. These are : 1) an input offset voltage,
Vo and 2) an offset current due to the difference in
currents resulting at the plus (+) and minus(-) inputs.

Ri

Vi
s 10
Vowmsey = Vio B'—ﬁ&- Re
Vopfsey = loRe ™
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Input Bias current, Ijg:
A parameter refated to 10 and the separate input bias currents I*jg and I'jg is
the average bias current defined as

I'g + 1
Ig = —° 5, e >Te, =l +I‘TO » I'g = 1Ipp - leo
Gain Band width: Because of the internal compensation circuits included in an op amp, ‘the
voltage gain drops off as frequency increases. ;Pv )
A frequency of interest is where the gain drops by Avb

fc. The unity gain frequency f; and cutoff
frequency are related by f; = Aypfc = gain x BW
where Avp is differential voltage gain.

Slew Rate, SR is maximum rate at which amplifier
output can change in volts per ps.

0 f f; frequency
SR = ATYO V/us o> | (log scale)
. B,

Maximum Signal Frequency: Let Vo = K Sin2n ft
The maximum voltage rate of change can be shown to be signal maximum rate of change =
2nfK V/s. To prevent distortion at the output the rate of change must also be less than the
slew rate, i.e, .
2nfK £ SR a < % rad / sec

OBJECTIVES SET - A

—

- An ideal OPAMP is used to make an inverting amplifier. The two input terminals of the
OPAMRP are at the same potential because )
a) the two input terminals are directly shorted internally
b) the input impedance of the OPAMP is infinity
¢) the open loop gain of the OPAMP is infinity
d) CMRR is infinity

2: An analog comparator is a high-gain amplifier
~-whose output is always either positive or in
negative saturation. TRUE / FALSE 3
2Ry

3. Figure shows.a non inverting op-am .
g g Op-amp _lvo_/\x)y\ ]

summer. Vo= ...........

5:A non inverting op-Amp is shown. =
Vo is equal to M
a)(3/2) Sin (100 t) b) 3 Sin (100¢) +2V3_-WX/\ > Vv,

¢) 2 Sin (100t) d) None of the above

v
v=(2+8in 100t)V R
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6. Let the magnitude of the gain in the inverting
OP-Amp amplifier circuit shown in fig be x
with switch S open. When the switch S is closed,
the magnitude of gain becomes

@x2 b)—=x (c)2x (d)-2x

8. The circuit shown in figure actsasa ____ .
For the given inputs, its output voltage is. . 1Ve
' Input 1KQ
2V Outp

7

""9. An op —amp has an open loop gain of 10° and an open loop upper cutoff frequency of

10Hz. If this op — amp is connected as an amplifier with a closed loop gain of 100, then

the new upper cutoff frequency is .
a) 10 HZ b) 100 HZ “"¢)l0KHZ d) 100 KHz

10. An op-amp, having a slew rate of 62.8 V/j sec, is connected in a voltage follower
configuration. If the maximum amplitude of the input sinusoidal is 10V, then the _
mininmum frequency at which the slew rate limited distortion would set in at the output is
a) 1.0 MHz b)6.28 MHz ¢) 10.0 MHz d) 62.8 MHz.

11. For the circuit of figure with an ideal operational amplifier, the maximum phase shift of
the output V,,,, with reference to the input Vi, is

a) 0°

b) -90°
c) +90°
d) +180°

VOU‘

e

12. Assuming the op-Amp to be ideal, the gain Vo, / Vi, in the circuit shown is

a) -1 10KQ 10KQ

b) ~20

c) -100 .

d) —120 Vout

13. In the active filter circuit shown if Q=1, a pair of poles will be realized with ©, equal to
a) 1000 rad/s R;=200KQ
b) 100 rad/s
c)- 10 rad/s
d) lrad/s
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14. The input resistance Ry ( =V/ Ii) of the circuit is-

a) +100 KQ Ri=10K2 R;=100KQ
=

b) 100 KQ = Vo

) +1MQ

Vi
T Re=ImQ
d) -1IMQ

15. If the differential voltage gain and the common mode voltage gain of a differential
amplifier are 48dB and 2dB respectively, then its common mode rejection ratio is.
a)23dB b)25dB ¢) 46 dB d)50dB

16. A 741-type op-Amp has a gain-band width product of IMHz. A non inverting amplifier
-using this op-Amp and having a voltage gain of 20dB will exhibit a ~3dB bandwidth- of
a) 50 KHz b) 100 KHz c) 1000/17 KHz d) 1000/7.07 KHz

,17..'An amplifier using an o‘p Amp with a stew rate SR = 1 V/p sec has a gain of 40 dB. If this
amplifier has to faithfully amplify sinusoidal signals from dc to 20 KHz without
introducing any slew rate induced distortion, then the input signal level must not exceed

a) 795 mV - b)395mV €) 79.5 mV d)39.5mV
18. 1f the op — amp is ideal, then Vg is c
a) zéro 7
‘ . . C
b) (V,-=V3) Sin ot V, Sinot o—
\Y
© —(Vi+ V) Sinat v, Sina)t°—|c< 0

~d) (V,+ V3) Sin ot

19. Assume that the op — amp is ideal. If V; is a triangular wave, the V, will be

a) square wave

- R . :
b) triangular wave C ’ .
¢) parabolic wave Vio— Vo :
d) sine wave
KEY: _' '

l.c,d 2. true 3.1V 4.V, 5.b 6.c 7.c¢ 8.summer,-3V

9.c  10a  11d 12.d 132 14b I5c 16b 17c 18.c 19.a
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SET-B

05. The Vg-of the Op-Amp circuit shown
in the given figure is

01. In a single-stage differential amplifier,
the output offset voltage is basically
dependent on the mismatch of

(a)VBE Ipand § - (b) Vggand Iy .
(©)Ipand B (d) Vpg and B 1kQ

02. A second ~order band-pass active filter ~ Vi©
can be obtained by cascading a - ' :
low-pass second order section having kQ
cutoff frequency foy with a high-pass 10 kﬂi

second- order section having cut off
frequency for, provided

o : (@ 11-V; (b)10V;
(a) fon > foL (®) fou < fou ©V; @0
(©) fou = foL (d) fou < foL ) _
03. The output voltage Vy of the given 06. Coﬁsider the following statements;
" cireuit is : ‘A totem pole configuration used in the
C1KQ . : output stage of an Op-Amp has the

advantage of using

1. only n-p-n BiTs
2. complimentary symmetrical pair of
transistors

Vo
[ .
i 3. only one transistor -

-

10kQS 90kQ Which of these statements is/ are
| correct? _
= (a) 1 alone (b) 2 alone
(@-100v . (b)}-100mV (c) 3 alone (d)1and3
©lov (d)-10 mV

07.A 1 ms pulse can be stretched to 1 Sec

04. The vqltage gain verses frequex.lcy pulse by using
curve of an Op-Amp is shown in the
given iigggﬁ% ' : (2) an astable multivibrator
80dB

. (b) a monostable multivibrator
+20 dB/decade_

(c) a bistable multivibrator

ll
»

20 Hz -\quuency
The gain-bandwidth product of the Op-
Amp is

{a)200 Hz (b) 200 MHz

{c) 200 kHz (d)2 MHz

0

(d) a Schmitt trigger circuit
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11. The input differential stage Op-Amp
741 is biased at about 10 pA current.
Such a low current of the input stage
gives

08. The Op-Amp circuit shown in the
given figure is C

(a) high CMRR
0. (b) high differential gain
(c) low differential gain

Vv

cT

(d) high input impedance
Which of these até ‘éorféét?

(@ land2 (b) 1,2 and 4
(¢)3and4(d) 1,23 and4

(a) a high-pass-circuit
(b) a low-pass circuit
(c) a band-pass circuit
(d) an ali-pass circuit - L ' L
. 12. In a circuit, if the open loop gain is 10
1 o ) ) and output voltage is 10 volt, the
09. In the circuit shown in the given differential voltage should be
figure, the current flowing through

resistance of 100 Q would be @) 10 v ®0.1v
. - () 100 pv @1uv
+10V
T Ik - "13. An operational amplifier possesses

(a) very large input resistance and very
+10V large output resistance
(b) very small input resistance and
very-small output resistance
(c) very large input resistance and very
small output resistance

2v (d) very small input resistance and
7 v . 1 OOQ very output

- 14. Consider the following statements:

(@) 8 mA (b) 10mA In Prder to generate square wave from
(©) 20 mA () 100 mA a smu_so_idal input signal one can use
o 1. Schmitt trigger circuit

] 2 Clippers and amplifiers
lO.ﬂIn a 741 Op-Amp, there is 20 3. Monostable multivibrators
~dB/decade T

fall-off starting at a relatively low Which of the above statelﬁents is/are

frequency. This is due to the correct?
(a) applied load (a) 1 along () 1 and 2
() internal compensation (©)22and 3 @12and3

{c) impedance of the source

() power dissipation in the chip

it
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15. An op-amp circuit is shown inthe
figure
The output Vy will be (assume ideal

op-amp)
R
AN\ —
\Q
-¢ >
V( Vo
otVce -
R,

(2) equal to zero because the input is
Z€ero

(b) dependent on element values,
hence nothing can be predicted
without a knowledge of element
values '

(c) a square wave varying between
+Vee and -Vee

" (d) a sinusoidal wave-of amplifier Ve

— 16. A non-inverting op-amp is shown

(assume ideal op-amp)
The output voltage V,, for an input
Vi =[2+sin(100t)]V is

2R

= -

R 5 R
-2V TTAAS +
Vi °-_‘5g—

Vo
V) =[2 +sin (100 )]

(2) 3/2sin (100 t) (b)3sin (1001)
) 2sin (1001) (d)3sin (100¢t)+ %

17. Match List-1{Circuit Name) with List-
1I (Characteristics) and select the
correct answer using the codes given
below the lists:

List-1

A. Schmitt trigger

B. Monostable multivibrator
C. Astable multivibrator ~
D. Blocking oscillator

List-11

1. It needs a pulse transformer

2. itis used to generate gating pulse
whose width can be controllee

3. itis bistable circuit - .

4. it has no stable state

Codes:
A B C D
@ 3 2 4 1
b 2 3 1 4
) 3 2 1 4
d 2 3 4 1

18. A triangular — square wave generator
uses
(a) A sine wave oscillator and a
comparator
(b) An integrator and a comparator
©) A differentiator anda comparator
(d) A sine wave oscillator and a

clipper

19. The stage marked X in the architecture
of a two-stage op-amp is

——|Differential} [|Gain Emitter
jamplifier FhStage‘ follower—» Outp

(a) Direct coupled amplifier .
(b) Buffer amplifier

(c) Level shifter

(d) Blocking osciliator
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20. The current through the resistor R in
the circuitis 45y
o

L.,

(@ 1 mA (b) 4 mA
(c) 8 mA (d) 10 mA

21. In the op-amp circuit shown (éssuming
ideal op-amp), V, is

22k
22k
05V v
22k
22k
(a) Vo=-5V (b) Vo=+5V
(©) Vo=0 (d) Vo=-2v

22. Consider the followihg circuit:

What is the function of diode D; in the

above circuit?

(2) To avoid saturation of the Op-Amp

(b) To provide negative feedback
when the-input is negative

(c) To reduce reverse breakdown
voltage of D,

(d) As a buffer

23. Consider the following circuit:

—_—
F
+
Z
—_—
+ -

| v T

Which one of the following expreésions
for V is correct?

(@ Vo=V (b) Vo=AV,
©Vy=AVz (d)Vy=-AV;

24. Congider the following Op-Amp -
circuit: Vy is equal to

100k
AN ——
+2 VAW
+
it
' +1V [+ Vo
10kQ -
100 kQ
@)+10V b)-10V
©+I11Vv d@-11v
25. Consider the following circuit:
10kQ 2k
Vi —A——————AW—
Ry R,
b—gma V
V_-_ *
R,

Ry

What is the value of Ry in the above
circuit, if the voltage V. and V, are to
be amplified by the same amplification
factor?

@ 7kQ (b) 22 kQ

©) B kQ d)35kQ
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26. The load cureént I in the circuit shown
is

1kQ 1kQ
—ANA AN
LAY
. +15V
Vo
le v,
 (@-5mA  (b)-10mA

©)+25mA (d)+50mA

27. Consider the following circuit:

The above circuit works

(2) As a logarithmic amplifier
(b) As a negative clipper

(c) As apositive clipper

(d) As a half-wave rectifier

28. Consider the NPN transistor circuit
shown below: 1+12V

2kQ

hFE =100 V()

IMQ .
4%kQ

Vi L _;

The output voltage Vg in the circuit is
@0V ® 12V
©9V @sV

29. Pulses of definite width can be
obtained from regular shaped pulses:

(a) whenitis given as inputto a
monostz?ble multivibrator

(b) whenit is given as triggering
signal to a bistable multivibrator

(c) whenitis used as input to a
Schmitt trigger

(d) whenitis used as inputto a pul_se
transformer

30. For the circuit given below, what is I,
equal to?

ANV AV
\"
. R + VCC
R . R‘ Vee
: : A
[ I
= ) R, -
(a) VIR, (b) VIR
vV vV
(C) R+RL (d) 2R +RI.

31. For a given op-amp, CMRR=10’ and
differential gain = 10°. What is the

common mode gain of the op-amp?

(a) 10" (b) 2X10*
(c) 10° @1
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32. 1n the circuit shown the transfer
function Io/l; is

Z Zy

1
~—»

Z Z,
@-ZJZ2 % 0)-2,17, %

4
©1+Z/Z) @ 1+(Zi12) %

33. Narrow pulses with adjustable mark to
space ratio can be obtained form
square wave input signal by using
1. Schmitt trigger
2. Monostable multivibrator
3. Clippers
Select the correct answer using the
code given below:

(b) only 2
(d)2and 3

(a) only 1
(c)land 2

34. A differential amplifier has inputs, V,
= 1050 pV and V; =950 pV with
CMRR = 1000. The error in the
differential outputis -~ -

(a) 10% (b) 1%
(c) 0.1% (d)0.01%
35. The output voltage V,, of the circuit is
+15V
2v N 4.7KQ
isvE ok | o
47kQ
320 >“'+
Vy
47kQ
-1V 3 joko 47kQ _I:

H5V

@-11V ®)6V 11V (@&)-6V

36. The figure given shows the circuit of

+ Vpp

-(a) Bi-Stable multivibrator
(b) Schmitt trigger
(c)-Monostable multivibrator

(d) Astable multivibrator

37. The output voltage V, of the below
circuit is

100k 470 KQ

{mV

b)y+1.1V -
(© 1.0V d10v

(@-1.1V

38. Consider the following statements:
Dominant-pole frequency
compensation in an OP-AMP

1. Increases the slow-rate of the OP-
AMP

2. increases the stability of the OP-
AMP ’

3. reduces the bandwidth of the OP-
AMP ,

4. reduces the CMRR of the OP-AMP

Which of the statements given above
are correct?

(a) 1and 3only (b)1,2and 4

{c) land 2 only (d)2 and 3 only
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KEY: SETB

©nc ©2) A ©3)D ©9C ©5)D (06) A

©O7)B ©08)B ©9) A (10)B (1)B (12) A

(13) B 14 A (s a 16 A ana (18)B.

(19)C 20)D @yc. 22)B @3)cC Q4B

@sc (6)B @nc OHA  @9)C (0B

GHD G2) A G3)B (4B (35) A 36)C
"G7)B Go)c
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Sample and Hold Circuit, Schmitt Trigger & Multivibrators

SAMPLE AND HOLD CIRCUIT >
A sample and hold circuit samples an input signal and holds on to its last sampled

value until the input is sampled again.

50

Control gate

ol- t

The n — channel E - MOSFET works as a switch and is controlled by the contro] voltage V¢
and the capacitor C stores the charge. The analog signal V; to be sampled is applied to the
drain of E — MOSFET and the control voltage v; is applied to its gate. When v; is positive, the
E —MOSFET turmns on and the capacitor C charges to the instantaneous vafue of input v; with
a time constant [(Ry + rps(on)] C. Here Ry is the output resistance of the voltage follower A,
and rps(on) is the resistance of the MOSFET when on. Thus the input voltage v; appears
" across the capacitor C and then at the output through the voltage follower Aj.
Duringthe time when control voltage v; is zero, the E - MOSFET is off. The capacitor C is
now facing the high input impedance of the voltage follower A; and hence cannot discharge.
The capacitor holds the voltage across it. The time period Ts, the time during which voltage
across the capacitor is equal to input voltage is called sample period. The time period Ty of v,
during which the voltage across the capacitor is held constant is called hold period. The
frequency of the control voltage should be kept higher than (at least twice) the input so as to
retrieve the input from output wave form.
SCHMITT TRIGGER 2> .

This is also known as regenerative comparator.
The input voltage is applied to the ( - ) input terminal
and feed back voltage to the ( + ) input terminal.

v

The input voltage v; triggers the output v, every time 2n,
it exceeds certain voltage levels. These voltage levels T
are called upper threshold voltage (Vyr) and lower fal ! Lth
threshold voltage (V11). The hysteresis width is the_ _ vo veer
difference between these two threshold voltages e
(ie,) Vyr-Vir ° : i _:‘
. These threshold voltages are calculated as follows HEER e
Suppose the output vy = +vsa. The voltage at (+) input _, % P
terminal will be Vet + =2 (Ve Vie) = Vur o i -
Ri+R, s — v
Yo P 5 i
. 4 E A
M Veet |Vur v
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As long as V; is less than Vyr, the output vg remains constant at +Vy. When v; is just greater
than Vyr, the output regeneratively switches to —V ¢, and remains at this level as
long as v; > Vyr.

For vy = - Vg, the voltage at the (+) input terminal is,

Ry (Veu+ Vied) <
vref - 2 RliRz ref - VLT

The input voltage V; must become lesser than V1.
in order to cause vg to switch from ~Vy to +Va.

A regenerator transition takes place and the output vy
returns from ~Vg to +Vy almost instantaneously.

The most important application of schmitt trigger
circuit is to convert a very slowly varying input voltage
into a square wave output.

If in the circuit, Vs is chosen as zero volt,

RZ VSal
Ri+R;

If an input sinusoid of frequency f = 1/T is applied to such a comparator, a
symmetrical square wave is obtained at the output. ' '

Vur=-Vir=

MULTIVIBRATORS 3 -

Astable Multivibrator
+V, -
«ﬂVoL___ _/_/__: —_——d
T TN
P
T T
2
—evo -4 N1
g mirawl st
-~
Vo =~
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A simple op — amp square wave generator, also called a free running oscillator, the
principle of generation of square wave output is to force an op — amp to operate in the
saturation region.

A fraction p =

+
reference

Rsz of the output is fed back to the (+) input terminal. Thus the

voltage Viris BVo and may take values as +B Vg or -BVu. The output is also fed back to the
(-) input terminal after integrating by means of a low — pass RC combination. Whenever input
at the (-) input termina] just exceeds Ve, switching takes place resulting in a square wave
output. In astable multi vibrator, both the states are quasi stable.

The frequency is determined by the time it takes the
capacitor to charge from -BVgy to + BV and vice versa.

The voltage across the capacitor as a function of time is

givenby, = V() = Ve+ (Vi = Vo e 7*C
) Where, the findl value, Vy=+ Vg, and the initial value, Vi=- V¢
Therefore,

VC(t) =V + ('ﬁ Va— vsat) C.URC
or Vo(t) = Veu — Veu (1 + B) €€
At t=T), voltage across the capacitor reaches BV, and switching takes place, therefore,
Ve(T1) = BViu = Vg = Vi (1+ e *€
After algebraic manipulation , we get

T;=RCIn (*B)
(1-8)
This gives only one half of the period
Total time period N S
T=2T;=2RCIn 51—% and the output waveform is symmetrical.
IfR, =R,, then B=05 and T=2RC In 3. And for Ry = 1.16R;. It can be seen that T = 2RC.
Or fo

2RC

The output swings from +Vsgg to —Vy, S0, ) - =

vo peak —to — peak =2V ¢y
The peak to peak output amplitude can be varied by varying the power supply voltage.
However, a better technique is to use back Zener diodes.

R
AN

vz V)

-(Vz+Vo)
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The output voitage is regulated to +(v,+vo) by the zener diodes.

vg peak to peak = (v, + vo)

Isc = Vsai— Vy
Rsc

If an asymmetric square wave is desired, then zener diodes with different breakdown voltages
vz and v, may be used.

Vo1 =vn +vp

Vip=va+vp

Ty=RCIn L7 B0/ Vo)
-8

An alternative method to get asymmetric square wave output is to add a dc voltage source v
in series with Ra.

MONOSTABLE MULTI VIBRATOR >

R
AN
—o VO
R
3
1T )
I 7
— = V. R
v, ‘{L —9‘— i g rat%
\V/ O——i I _—V1 E—Z
i Cc D /[\
" 4 Rs 2
A >t B
Vin —>|Tpl&— ‘
1 s ToVsat
\l/ Vb — /”—- Vp
,,,,, . ' >t
N T
% S ————
i H To-Vsat
Vsat” l '
A, -t
T

“Vsat . . . o
Monostable multivibrator has one stable state and the other is quasi stable state. The circuit is
useful for generating single output pulse of adjustable time duration in response to a

triggering signal.
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A diode D, clamps the capacitor voltage to 0.7v when the output is at +vg. A
negative going pulse signal of magnitude v, passing through the differentiator R4C, and diode
D, produces a negative going trigerring impulse and is applied to the (+) input terminal.

The pulse width T of magnitude multivibrator is calculated as follows :
The general solution for a single time constant low pass RC current with v; and vr as initial
and final values is, vo = v¢+ (v — vp) €'/ R¢

For the circuit, vi= -V, and v; = vp
The output v, is,

Vo= -vey + (VD T Vsar)e
Att=T

-/RC

ve == B Vea
therefore B Vsae = Vsa + (vp + Via) € -
After simplification, pulse width T is obtained as

C

T=RCIn (I +vp /vea)

._R
where, B = Rk
If v >> vp and Ry = R; so that § = 0.5, then
s T=0.69RC :
For monostable operation, the trigger pulse width T, should be much less than T, the pulse
width of the monostable multivibrator.

The monostable multivibrator circuit is also referred to as time delay circuit as it
generates a fast transition at a pre determined time t after the application of input trigger.

- OBJECTIVES QUESTIONS-

1. A sample and hold (S/H) circuit, having a holding capacitor of 0.1 nF, is used at the input
-of an ADC. The conversion time of the ADC is 1 psec, and during this time, the capacitor
should not lose more than 0.5% of the charge put across it during the sampling time. The’
maximum value of the input signal to the S/H circuit is 5V. The leakage current of the S/H
circuit should be less than (GATE’01, EEE)
a) 2.5 mA b) 0.25mA

€)25.0 pA d)2.5 pA

2. The output voltage (Vo) of the Schmitt trigger shown in figure swings between
_ +15V and -15V. Assume that the operational amplifier is ideal. The output will change
from +15V to —15V. When the instantaneous value of the input sine wave is

a) 5V in the positive slope only 10sinot ™V - Vo(GATE’02, EEE)
b) 5V in the negativé slope only o

¢) 5V in the positive and negative slopes > 3ka

d) 3V in the positive and negative slopes +2V

1
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3. The digital circuit using two inverters will act as —o—>o——

a) a bistable multivibrator

b) an astable mulitivibrator

¢) a monostable multivibrator d) an oscillator (GATE04, ELE)

4. In the Schmitt trigger circuit, if Vcgay = 0.1V, the output logic low level (VL) is
a) 125V

b)135V 200Q
. Vo
c)2.50V .
d)5.00V
1 1=125mA
5. Consider the following two statements © (GATE 01, ECE)

Statement 1 : Astable multivibrator can be used for generating square wave.
Statement 2 : Bistable multivibrator can be used for storing binary information.

_a) only statement 1 is correct b) only statement 2 is correct
c) both the statements 1 and 2 are correct d) both the statements 1 and 2 are incorrect

- 6. The most commonly used amplifier in sample and hold circuitsis  (GATE-2000, ECE)
a) a unity gain inverting amplifier b) a unity gain non — inverting amplifier
¢) an inverting amplifier with a gain of 10 d) an inverting amplifier with a gain of 100

7. Match List — I and List — I and select the correct answer using the codes given below the

lists : ' (IES-2003, ECE)
A. Schmitt trigger 1. It needs a pulse transformer

B. Monostable multivibrator 2. It is used to generate getting pulse whose width can be

" controlled ]
- . -C. Astable multivibrator 3. Itisabistable circuit
D. Blocking oscillater - 4. It has po stable state
a)A B C D b)A B C D ¢c)A B C D d)A B C D
2 3 1 4 3 2 1 4 2 3 4 1

32 41

8. A Schmitt trigger circuit is used for
(a) shaping an input pulse into a square pulse,
(c) generating a ramp,

(b) producing a delayed -pulse,
(d) differentiating a pulse.

9. For producing an Ideritical delayed pulse, we should use a
(@) bistable multivibrator, (b) astable multivibrator,
(c) monos table multivibrator, (d) Schmitt trigger.

10. A Bootstrap Sweep uses a
(a) common-emitter amplifier with a large voltage gain,
(b) common-base amplifier with a large voltage gain,
(c) common-collector amplifier with a large voltage gain close to unity,
{d) high-gain narrow-band amplifier.
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11. A Miller Sweep has a good linearity because it employs
(a) negative current feedback, (b) positive voltage feedback,
(c) negative voltage feedback, (d) compound feedback.

12. The speed-up capacitors are used in a bistable circuit in order to reduce
(a) the settling time, (b) the transition time,
(c) the trigger amplitude required, {d) the base biasing supply voltage.

13. In an ideal OPAMP, the input impedance RI and output impedance RQ are given by
(a) Ri=0, Ro=10, (b) Ri=0 Ro= 0, (c) Ri=o,, Ro=w, . (d) Ri=w,, Ro=0,.

14. Differential amplifiers are very commonly used in low-level d.c. amplifiers because of
(a) large bandwidth, (b) high input impedance,
(c) large-gain, -+ (d) low offsets and drifts.

15. The frequency, at which the gain of an OPAMP is 0dB, is called
(a) cross-over frequency, (b) unity-gain cross-over frequency,
(c) take: off frequency, (d) zero dB frequency.

16. Frequency compensation has to be used in OPAMP's in order to
(a) increase the bandwidth, (b) increase the gain, .
(c) improve the stability of gain, (d) decrease the drift: - .

17. The common-mode rejection ratio, of a BJT difference amplifier, can be Improved by
(a) increasing the emitter resistance, (b) increasing the collector resistance,

(c) decreasing the collector resistance, (d) decreasing the emitter resistance.
18. For square wave generation, is used. _ .
a) astable multivirator - - " -b) bistable multivibrator
c¢) monostable multivibrator e d) none
19. For pulse wave generation, is used.
a) astable multivirator b) bistable multivibrator
¢) monostable multivibrator d) none
20. For flip-flop generation , is used.
a) astable multivirator ~__b) bistable multivibrator
¢) monostable multivibrator d) none

21. The disadvantage of astable multivibrator is
a) it is used as a square wave generator
b) frequency can be changes by increasing the voltage
¢) both the transistors may go into saturation simultaneously. d) None

22. Which of the following triggering is best suited for monostable multivibrator
a) symmetrical b) asymmetrical
) symmetrical positive triggering d) symmetrical negative triggering
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23. Purpose of collector catching diode in a binary is .
a) to maintain constant o/p swing b) to maintain constant base saturation currents
c)botha&b d) none

24.Pulse width of a collector coupled monostable multivibrator is.given by

a) T =0.69RC b) T=1.38RC OT=RE™ d) T =0.707RC
25. The frequency of oscillation of astable multivibrator with R; = R, = 1kQ, C; = C; = 1pF
is : : R

a) (1/1.38)kHz 7b) 1.38kHz ¢) (1/38)Hz d) 13.8Hz

26. Advantages of emitter coupled astable over collector coupled circuit is
a) it is inherently self starting  b) o/p is free of recovery transients
c)ithasanisolatedi/p d) all of these

27. Sine wave can be converted into square wave using

a) monostable b) schmitt trigger
c) clamping circuit d) astable multivibrator
28 Satandard pulse generator usually employs " multivibrator
a) astable b) monostable c) bistable d) none

29.Bistable multivibrator differ from astable multivibrator in the use of
between states instead of RC coupling .

a) triggering b) resistors ¢) capacitors d) none
g L

30. Which of following is known as _vz)-ltage. to time converter.

a) monostable b) bisatble c) astable d) schmitt trigger

31. Which of the following is known as voltage to frequency converter
a) astable . b) bisatble ¢) monostable d) schmitt trigger

32. Which of the following is used in frequency division

a) positive b) negative ¢) either positive (or) negative  d) none

KEY -- OBJECTIVE QUESTIONS
l.d 2.a 3.a 4b 5c¢c 6b 7a 8a 9b 10.c
lic 12b 13c 14a 15b 16d 17a 18a 1§.c 20c 2l<

22b 23c 24a 25a 26d 27b 28b 29a 30a 3l.a 32.a
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Feedback amplifiers

A general feedback amplifier structure is shown below:

r~-—— - —_—_—_ - —_— == |
. i,
‘x s A &, e
. Comparator Basic amplificr: +
Signal M + P + |
wf:u z lix or v, (orwa(d_ trans(er uy Samp!cr.- l”L- Load
mixer = ratio A = =
| = I
| . ; i
1 N i,
L. - |
| + Feedback teansfer ‘l"’ i ‘-
i Y ratio 8 _'
) ]
e .

The input signal is applied to a mixer network, where it is combined with a feedback signal.
The resultant signal from the mixer is applied to the basic amplifier. The amplifier output is
sampled and applied to a feedback network. The output of feedback network is fed to a
mixer. If the feedback signal is of opposite polarity to the input signal, negative feedback
results. While negative feedback results in reduced overall gam a number of improvements
are obtained, among them being.

1. Stabilization of gain 2. Improved frequency response

3. Reduced noise 4 More linear operation

FEED BACK CONNECTION TYPES -

There are four basic ways of connecting the s - EEDRL s =
feedback signal. Both voltage and current
can be fed back to the input either in series -
or parallel.  Specifically there can be n
1. Voltage — series feedback (fig-a) - =@ - b

2. Voltage — shunt feedback (fig-c)
3. Current — series feedback (fig-b)
4

(RS

. Current ~ shunt feedback (fig-d)

. B (d
Here voltage refers to connecting the output voitage as input to the feedback network; current

refers to tapping off some output current through the feedback network. Series refers to
connecting the feedback signal in series with the input signal voltage; shunt refers to

connecting the feedback signal in shunt with an input current source.

Series feedback connection tends to increase the input resistance while shunt feedback

connection tends to decrease the input resistance. Voltage feedback tends to decrease the
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output impedance while current feedback tends to increase the output impedance. Typically,
higher input and lower output impedances are desired for most cascade amplifiers. Both of
these are provided using the voltage — series feedback connection.

The four feedback configurations with basic amplifier in its equivaleiit circuit form and

feedback network with resistances are indicated below

A Basic amnlifiec ; . : _’_ _B:siiTpliﬁ:r_ .
R 1.5 1 ) i
3t Ly +
) 1 I
ug v.: Ry Bi, Ru: v, RS0
il B A = i - \
/ -1
R, Yoo Ry
' W n
‘ +
4 ' A T
______ i o 1 .
F:cdhack aetwork - 1 hud
Lo___d

____________________

Feoltack ' S Feedback

Effect of Negative Feedback on Gain and Band width >
[a

Tfullfd lfHH fo‘ f(log

The above figure shows that the amplifier with negative feedback has more bandwidth (B)
than: the amplifier without feedback (B).The feedback amplifier has a higher upper 3-dB
frequency. In fact, the product of gain and frequency remains the same so that the gain band
width product of the basic amplifier is the same value for the feed back amplifier.
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Gain Stability with Feedback >

da I |da
15 - w3

_'dAf - |l |(_1A ' for BA>>1
Afl T |pA] |A
This shows that magnitude of the relative change in gain |dAs| is reduced by the factor BA
Ar
Compared to that without feedback [ld_A_ ”
. A -
Parameter Voltage Current shunt | Voltage shunt | Current series
series
_l. Output signal Voltage Current Voltage Current
2. Input Signal Voltage - Current Current Voltage
3. Basic amplifier Voltage | Current Transresistance | Transconductance
4. A(With out z'eédba'ck) Ay =Vy/V; A/ Run=Ve/ T G.=lI/V;
5.8 Vi/ Vy I/ly It/ Vy Vel Iy
6. D=1+Ap - AyB 1+A B HR,B 1+Gn B
1A : Av/D A/D Ry/D Gn/D
8.Ry; RD Ri/D R/D RD
9.Ros Ro/D  |RoD Ro/D RoD
10. ;¢ _I /D fi/D fi/lD - fi'D
Wy £D. . |fD £.D £.D
13. BW; = BW.D = BW.D = BW.D = BW.D
14. d; (distortion) — | ~d/D =d/D =d/D =d/D
15. Noise Decreases Decreases Decreases Decreases

Oscillators: The use of positive feedback which results in a feedback amplifier having
closed-loop gain Ar greater than 1 and satisfying the phase conditions will result in operation
as an oscillator circuit.To understand how a feedback circuit performs as an oscillator
cansider the feed back circuit below.

When the switch at the amplifier output is open, no oscillation occurs. Consider that we have
afictitious voltage at the amplifier input (V;). This results in an output voltage Vo = AV, after
the amplifier stage and in a voltage Vy = B(AV;) after the feedback stage. Thus, we have a
feedback voltage V= BAV;, where BA is referred 1o as the loop gain. If the circuits of the

1
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base amplifier and feed back network provide BA of acorrect magnitude and phase, V¢can be
made equal to BVi.

+ + ]

A | Vo=AY B - Vi=BAy

1

“Then, when the switch’ is closed and fictitious voltage V; is removed, the circuit will continue

operating since the feedback voltage is sufficient to drive the amplifier and feed back circuits resulting
in a proper input voltage to sustain the loop operation. The output waveform will still exist after the
switch is closed. The condition PA =1 is met. This is known as the Barkhausen Criterion for
oscillation.

In reality, no input signal is needed to start the oscillator going. Only the condition BA = 1 must be
satisfied for self sustained oscillations to result. In practice BA is made greater than 1, and the system
is started oscillating by amplifying noise voltage which is always present.-

Another way of seeing how the feed back circuit provides operation as an oscillator is obtained by
noting the denominator in the basic feed back equation. A; =-A / (1+ BA). When BA= -1 or
magnitude 1 at a phase angle of 180°, the denominator becomes 0 and the gain with feedback, Ay,
becomes infinite. Thus, an infinitesimal signal can provide a measurable output voltage, and the
circuit acts as an oscillator even without an input signal.

Phase- Shift Oscillator:

Using classical network analysis, we find that I
f=2mRc V6
1

and the phase shift is 180°
For the loop gain A to be greater than unity the gain of the

amplifier stage must be greater than 1/ or 29:
A>29 . '

The frequency given above is that at which the total
phase shift is 180°. If one measured the phase shift
per RC section, each section would not provide the
same phase shift. If it were desired to obtain exactly
a 60° phase shift for each of three stages, then emitter-follower
stages would be needed for each RC section to prevent each
from being loaded from the following circuit. _

Analysis of the ac circuit provides the following equation

for the resulting oscillator frequency:

f

_ 1 1
2nRC V6 + 4(Rc/R)

For the loop gain to be greater than unity, the requirement
on the current gain of the transistor is found to be

hrc>23+2'9§%-+4%{—°
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FET phase shift Oscillator: Voo

The amplifier stage is self biased with a capacitor
bypassed source resistor Rs and a drain bias
resistor Rp. The FET device parameters of
interest are g, and 1.

A = ngL where R|_=m

Rp +14

It is assumed that the input impedance of the FET
amplifier stage is infinite.

Wien Bridge Oscillator >

The figure shows a basic version of a Wien bridge

oscillator circuit. Resistors R;, R; and capacitors )
Ci,C; form the frequency adjustment elements, 1
while resistors R; and Ry form part of the feedback path.

Neglecting the loading effects of the op-amp input

and output impedances, the analysis of the bridge -
circuit results in

R _R ;G
R R
1
And fy = ——7
o 0 2n'\IR|C|R2C2‘

If, in particular, the values»arve R; =Ry=R and C,;=C, =C,
the resulting oscillator frequency is
' I

fo =
¢ 2nRC
and % =2

Thus_a ratio of Rs to Ry greater_than 2 will provide sufficient loop gain for the circuit to
oscillate. .~ o ) '

Tuned Oscillator Circuit -

ColpiEOscillator:
The oscillator frequency can be found to be
£ = — 1
21VLCeq
__GCG
Where Ceq = Ci+G

ACE Academy
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Hartley Oscillator:

Ry

The inductors L; and L, have a mutual coupling, M, which must be taken into account in
determining the equivalent inductance for the resonant tank circuit. The circuit frequency of-

oscillation is then given approximately by

fa 1
{t]
2mVLeq C

With Leg =L, + L, +2M

Crystal Oscillator> A crystal oscillator is basically a tuned — circuit oscillator using a
piezéelectric crystal as a resonant tank circuit. The crystal (usually quartz) has a greater
stability in holding constant at whatever frequency the crystal is originally cut to operate.
Crystal oscillators are used whenever great stability is required, for example, in

communication transmitters and receivers.
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'OBJECTIVES SET - A

1. In a common Emitter amplifier the unbypassed emitter resistance provides
a) Voltage shunt-feedback b) Current series feedback
¢) Negative voltage feedback d) Positive-current feedback

2. A Wien bridge oscillator is shown in the figure. Which of the following ‘statements are
true, if ‘f* is the frequency of oscillation?

a) ForR=IK, C=1 pF, f=1KHZ
2n N
b) ForR=3K.C=1 pF, f=3KHz
187
c) The gain of the op-amp stage should be
less than two for proper operation..

d) The gain of the op-amp stage should be
three for proper operation.

3. A practical R-C sinusoidal oscillator is built using a positive feedback émpliﬁer with a
closed loop gain slightly less than unity. " FALSE/TRUE

4. The voltage series feedback in a feedback amplifier leads to
increase in band width, while the voltage gain becomes less sensitive
a) decrease in overall gain, while the input resistance decreases

b) increase in distortion, while the output resistance decreases

c) decrease in input resistance, while the output resistance increases.

5.The feedback factor for the circuit shown is

a) 9/100
b) 9/10

c) 19
d) 1/10

6. For the-oscillator circuit shown in figure, the expression for the time period of oscillation
can be given by (where T = RC)

. R

a) tln3 C E“‘“‘—‘

b) 2tln3 L >
’ R

Vo

c) 1ln2
d) 2tin2 - R
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7. The feedback used in the circuit can be clarified as
a) shunt-series feedback

b) shunt-shunt feedback
c) series-shunt feedback ? %RS
d) series-series feedback ]

8. An amplifier without feedback has a voltage gain of 50, input resistance of 1KQ arid
output resistance of 2.5KQ. The input resistance of the current-shunt negative feedback
amplifier using the above amplifier with a feedback factor of 0.2 is

a) 1/11kQ b) 1/5kQ c) Sk d) 11kQ

9. In a negative feedback amplifier using voltage-series feedback

a) R; decreasés and Ry decreases

. b) R; decreases and Ry increases
¢) R;increases and Ry decreases

d) R; increases and R, increases

10. The circuit in figure employs a positive feedback and is intended to generate sinusoidal

oscillations. If at a frequency fy loop gain =1 £0°, then to sustain oscillations at this
frequency

a) Rz = 5R| . . Rz
R, -
b) Ry =6R, N | ot
¢)Rz=Ry/6 ) Vo(f)
' vigE| U6 [
d) Rz = R]/ 5 __i . o —
11. The oscillator circuit is Vee
(a) Hartley oscillator with fo,. = 79.6 MHz %Lc L=10pH

b) Colpitts oscillator with f,, =79.6 MHz T
¢) Hartley oscillator with fo,e = 1592 MHz ~ Cc

d) Colpitts oscillator with fug = 159.2MHz e
1~ 2™
RS ReE T C

12.A higher-Q quartz crystal exhibits series resonance at the frequency o, and parallel
resonance at the frequency w,. Then

¢

a) @ in very close to, but less than o, b) 0s <<,
¢) @ in very close to, but greater than e, d) ©5s>>
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13. Introduction of feedback in an amplifier increases the input impedance from 1KQ
to 40KQ. It is due to

a) positive feedback b) shunt-current negative feed back

c) series-current negative feed back

14. A radio frequency signal contains three frequencies:870 KHz, 875 KHz and
880 KHz. This signal needs to be amplified. The amplifier used should be

a) audio frequency amplifier b) wide-band amplifier

c) tuned voltage amplifier d) push-pull ampllﬁer

15. An emitter follower circuit is widely used in electronic instruments because -

@) its voltage gain is less than unity

" b) its output impedance is high and input impedance is low

~ ¢} its output impedance is low and input impedance is high
d) its voltage gain is very high

16. In the circuit shown in fig.the feed back causes

Ri< R¢ Ry R

RZ RE Rz R TCE _

__-a)_Anincrease in both the in_put and output impedances.

b) An increase in the input impedance but a decrease in the output impedance.
¢) An decrease in both the input and output impedances.

d) A decrease in the input impedance but an increase in the output impedance.

17. The voltage gains of an amplifier without feedback and with negative feed back
respectively are 100 and 20.The percentage of negative feedback(f) would be

2) 40% b) 5% ¢) 20% d) 80%

d) shunt-voltage negative feed back.
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18. If the Q of a single stage single- tuned amplifier is doubled, then its bandwidth
a) remains same b) becomes half ¢) becomes double
d) becomes four times

19. The negative feedback in an amplifier

(a) reduces the voltage gain (b) increases the voltage gain
(c) does not affect the voltage gain '

(d) can convert it into an oscillator if the amount of feedback is sufficient

-20. Introduction of feedback in an amplifier increases the input impedance from

1kQto40kQ. Itisdueto”

(b) shunt-current negative fe'edbvack.
(d) shunt-voltage negative feedback

(a) positive feedback
(c) series-current negative feedback

21. One of the effects of negative feedback in amplifiers is to

(a) increase the noise (b) increase the harmonic distortion

(c) decrease the bandwidth (d) decrease the harmonic distortion
22. Positive feedback, in an amplifier circuit will ............. the gain of the amplifier.
(a) increase ~ (b) decrease, (c) not alter

23. Gain stability in an amplifier can be improved by using

(a) positive feedback, (b) negative feedback,

(c) both positive and negative feedback.

24. Effect of voltage negative feedback on the input impedance'of an amplifier.

(a) increase (b) decrease (c)not altered

""" 25, Effect of voltage negative feedback on the output impedance of an amplifier

(a) increase (b) decrease (c) not altered

26. Application of current negative feedback will
(a) increase the input impedance (b) increase the qutput impedance
(c) increase both the input and output impedances

27. An emitter follower is an example of
(a) current negative feedback

(b) voltage negative feedback _
(c) neither voltage feedback nor current negative feedback.

28. An emitter follower has a input impedance value.

(a) large (b) small (c)very small
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29. An-emitter follower has a output-impedance value.

{a) small (b) large ’ (c) very large
30. With negative feedback the bandwidth of an amphﬂer can be

(a) increased - (b) decreased () neither increased nor decreased

31. A emitter-follower amplifier can help to

{(a) match a low-resistance source with a high-resistance load
(b) match a high-resistance source with a low-resistance load
(c) match equal values of source resistance and load resistance

32. In a multistage amplifier, application of negative feedback can
(a) produce stability in all cases . .. - (b) produce instability in some cases
(c) produce instability in all cases

33. With negative feedback, the gain-bandwidth product of an amplifier would be

(a) increased ’ (b) decreased (c) neither increased nor decreased

34. The main advantage of applying negative feedback to an ampliﬁér isto

(a) increase the amplifier gain . (b) decrease the amplifier- gain
(c) make the amplifier oscillate (d) improve the amplifier stability

35. A negative feedback amplifier, with A=1000 and $=0.20, will have an overall gain of
about
(a) 20 (b) 200 " (c) 50 5 - (e)-5

36. In a negative feedback voltage amplifier, with A = 1000 and = 0.2 there is an unwanted
hum voltage of 1V at its output before feedback is applled With negative feedback, the
" hum voltage will be _ _
@1V (Bo2v T ©5 mvV (d) I mV.

37. In a negative feedback voltage amplifier, with A=1000 and B =0.2, the input resistance is
1 KQ before voltage negative feedback is applied. After negatlve feedback, the input
resistance will be
(2) 200 KQ b)5Q (c) 1 MQ (d)SKQ

38. In a current amplifier, with A=1000 and B=0.20, the output resistance is 100 Q before
<urrent negative feedback is applied. After negative feedback-is applied, its output
resistance will be

@105Q (b) 20KQ (c) 500 Q (d) 20
39. For generating a 1-kHz note, the most suitable circuit is )
(2) Hartley -oscillator . (b) Colpitts oscillator

(¢) tuned-collector oscillator (d) Wien bridge osc1lIator

40. To generate a l-MHZ $ighdl, the most suitable circuit is
{a) Wien bridge oscillator (b) phase-shift oscillator
() Colpitts osciilator (d) none of the above
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41. We use a crystal oscillator because
(a) it gives high output voltage {b) it works at high efficiency
(c) the frequency of oscillations remains substantially constant
(d) it requires very low dc supply voltage

42. Oscillator is a :
a) ac to dc converter b) dc¢ to ac converter ¢) none

’

43. The condition which is required to get sustained oscillation is called
a) Barkhausen criteria b) |AB| =1
¢) The total phase shift introduced by both amphﬁer and feedback network must be
equal to zero (or) multiples of 2n-radians

d) all of the above
44, In transistor tuned oscillator, frequency of oscillations is determined by
a) RC network b) Tank circuit ¢) RC parallel circuit d) None
45. The minimum gain required by transistor, when it is used in RC phase shift oscillator is
a)44.5 ) b) 29 )3 d) None
46. The minimum gain is 29, when ------- is used in RC phase shift oscillator
a) Transistor b) FET ) Tank_ circuit d) None
47. In RC phase shift oscillator, phase shift introduced by each RC network is
a) 45° b) 90° c) 60° d) 180°
48. In Hartley oscillator, feedback network consists of --<--- .
a) Two inductors b) One capacitor c)Botha&b . d)None
49. In Colpitts oscillator, feedback network consists of -------
a) Two capacitors b) One inductor c)Botha&b d) None
50. The minimum gain required by the amplifier is ------- , when it is used as a Wien-bridge
oscillator : .
23  pY . Q445 . dNome
51.---—is used as a feedback network in-a Wien-bridge oscillator T —
a) Feedback amplifier b) Wien-Bridge ¢) RC network d) None
52.The phase shift introduced by Wien bridge is----- —
a) 90° b) 180° ) ¢’ d) zero

53. Limitation of LC & RC oscillators: their frequency of operation varies with
a) temperature b) LCnetwork ~  ¢) RC network ii)None

54. Crystals are used to convert mechanical enérgy into electrical energy & vice versa.
This phenomena is known as
a) Piezo conductive effect b) Piezo magnetic ¢ Piezo electric effect d) None

55. Piezo electric effect is used in the following crystals
a) Rochelle salt b) Quartz c)botha& b d) None

56. In transistor RC phase shiftoscillator the type of feedback used is ----
a) voltage - shunt b) voltage - series  ¢) current -shunt d) cusrent - series
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57.In FET RC phase shift oscillator the type of feedback used is------
" a)voltage - ’ shunt b) voltage - series ~ ¢) current shunt d) current - series

58.In LC tuned oscrllator the frequency of oscillations -
1

o= S T g

59. In transistor RC phase shift oscillator the frequency of osc111at10ns is.".

1 _ _ R
fr——— PN T
= 27RC,6+-5% J = ]
2) T \} R by 2RC 6+4R,.
1 .
/= 27zRC.j6+4R
) & M d) None
60. In FET RC phase shift oscillator the frequency of oscrllatrons is
1 _ . -
» " 2mRC b) I=5mcs ol TmRC  dNone
61. In Hartley oscillator, the frequency of oscillations is
1 f —_—l_—- f = 1
a) /= 2zVIC  b) 27y LC, <) _ 2z VVLl +L, d) None
62. In Colpitts oscillator circuit, frequency of o'scillaﬁnn 1s

1
=

i - fE= .
a) o L(CI*'cz] b)f_2ﬂJIf Q) Z”N[.L_lal d) None

63. In Wien bridge oscillator, frequency of oscillations is .
: 1 1 1 '
ca)f= 27JRC. b)f= 2aRC . c)f= 27R,Cy d) none

64. Fre vencies that can be obtained with crystals are within the range’
a) ZC!S kHzto 5 MHz b)20t0o20kHz - - c) 20 kHz to 10 MHz d) none

| 65. In tuned collector L = 50mH., C=20PF is used The frequency of operertron is
a) 10° MHz ~ b)10°2nHz ¢) 2n/10° Az - dynone

66. In FET RC phase oscillator, if the value of R is doubled, then frequency of nperation is

1 1
a) = 1/27RC byf=27RCV3 - of= 27RCJ6  d)none .
67. RC phase shift oscillator can have . RC stages in B network )

a)3 b4 06 d all of the above
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68. In Wien bridge oscillator Ry = R, = 100 kHz, Cl1 = C, = 0.01 pF. The frequency of
oscillations is '

"a)0.16 kHz b)0.16 Hz <) 1 kHz d) none
69. Frequency of oscillations of RC phase shift oscillator is
a) impossible to vary “b) difficult to vary c) always variable  d) none

70. A crystal has L = 3.3H , Cs = 0.042pF, R = 390 Q,If thie crystal operates at 430 kHz,
the Q of the crystal is '

a)23 b) 230 ©)23000 d) none
71. RC phase shift oscillator can have . ' .
6 1 : -
a)fo= 2RC byfy= 27RCY6  ybotha &b d) none
~72.The oscillation frequency of a transistor Cdlpitts oscillator is (Cl =C;= O.IQF,
L =200pH) 7 )
a) 0.16 MHz 'b)0.16 Hz ¢)0.16 kHz d) none

73. The operatmg frequency ofa transrstm Hartley oscillator, if Ly = 25mH,L; = 25mH,
C= 20pF, is

a) 0.16Hz b) 0.06Hz ¢)0.16mHz d) none

74.In Wien bridge oscillator gain & frequency are

1
A23,fo=—— ) Al > 2,
a)l l fy 2zRC . l l fo_ 2RC
, X 1 1
A229, fy =—=— A2 29, fy = ——
c)I l ’ 27J6RC ) d)_l ’ f° .2aRC
~ 75. An electronic oscillator is S ) -
a) an amplifier = b) an amplifier w1th negatrve F/B
c)converterofactodec * - 7 d) converter of dc to ac
76. In BJT RC phase shift oscillator, f; is _ o
1 E 6+ak -
a)yfy= 2/[ 6+4kRC . b)fy=. 2zR - ¢)bothaand b d) none
77. In'cry_stal os‘c1_llator, fre_quency determining parameters are
a) thickness of crystal - b) angle of cut
¢) physical size of crystal d) all of the above

78. To generate IMHz frequency. the most suitable oscillationr is 5
a) phase shift b) Wien bridge : ¢) Colpltts d) none
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79. For generating 1kHz frequency the most suitable oscillator is
"a) tuned oscillator b) Hartely c) Colpitts  d) Wien bridge

80.The Q of a crystal is of the order of

a) 100 b) 1000 ¢)50 d) more than 10000
81.Crystal oscillator is comnionly used in

a) laboratories b) radio receivers c¢) radio transmitters  d) none
82. . - .oscillator is a fixed frequency oscillator
- a) Wien bridge b) Crystal c) Hartley *d) Colpitts

83. To change the frequency of crystal oscillator, we should change
a) gain of the amnplifier _ b) DC power supply c¢) crystal thickness  d) none

84. In a particular osc1llator circuit if the value of B is 1/ 100 the min. gain required by the

amplifier to get sustained oscillations is
)10 b) 1000 c) 200 : d) 100

85.-In order to produce frequenc1es in the microwave reglon one should use

oscillator. .

a) Wien bridge b) crystal c) both (a) &(b) _ d) none
86. Frequency stability of RC oscillator is than LC oscillator.

a) greater b) lower c) same as . d) none

87. Ih tuned collector oscillator if L value is multiplied by four, the frequéncy of oscillation is
a) is halved b) doubles  ¢) is reduced by four times  d) remains constant

88.In B_JT' RC —phase shift bsc{[lator, condition for sustaiﬁed osc:‘il'lations is

49 Lh . 'Lh hl'e -La
24k +23+= 2T 2L—+E'L_ '
a) hfe_ k b) he “a ) he u & d)ynone
J, max

 89.InRC —osc1llators using gang capacitors, Jo ™I js
— 1 1

al0  b)33 10 433

f, max
90. In LC oscillators using gang_ <capacitors , .fo min
| . St L
a0 b33 )10 - d) 3.3,
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91. In Hartley oscillator with inverting op-amp, condition for sustained oscillations is

Ryl L ol s Ly B 1o By b

2> b >
a) [Rl L, b) R| L, R ) R L

92. In oscillators with IAﬁ l <1 , we get
a) square wave  b) sinusoidal c¢) both square and sinusoidat d) triangular

o d) none

93.For Clapp oscillator circuit shown below , the expression for fo is
1 1

a) f, 27[,—EC1RC ’ b) fo - 2xL R, o) f 2z \[6_\/ LeR, d) none

KEY _
Lb 2.abd 3.false 42 5d 6b 7.b 8a- 9c¢ 10.a 1lb

12a 13 14c 15¢ 16b 17a 18b 19a 20c 21d 22a 23b

242 25b :26b 27b 282 29a 30a--3Lb 32a 33c 34d 35c

“36c 372 38a 39d 40.c.74'l.c 42b 43d 44b 45b 46b 47-

48c 49c 50a S5Eb—S2c¢ S53a 54c 55¢ 56a 57b 58¢c S%a
60b 6lc 62a 63b 64a 65b 66c 67a 68a 69b T0c Tlc
T2.a ¢ T4a 75.d 76c- 77d 78c 79b 80.b 8ic 82,b. 83d

84d 85b 86b 87a 88a 89a. 90b 9la 9Na 9B.a
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SET-B

01. Negative feedback in an amplifier

(A) reduces gain

(B) increases frequency and phase
distortions

(C) reduces bandwidth

“ (D) increases noise

02. An amplifier has an open — loop gain
of 100, an input impedance of 1 kQ,
anid  an output impedance of 100 Q. A
feedback network with a feedback
factor of 0.99 is connected fo the
amplifier in a voltage series feedback
mode. The.new input and output
impedances, respectively, are

(A)10Qand 1 Q
B)10Qand 10Q
(€) 100kQand 1 ©
(D) 100 kQ and 1 kQ

03. The oscillator circuit shown in the

. _VCC
figure is %
LC

(A) Hartley oscillator with
fosciltaon = 79.6 MHz
(B) Colpitts oscillator with
foscittation = 50.3 MHz
(C) Hartley o_scillator with
fosciltation = 159.2 MHz
(D) Colpitts oscillator with

foscittation = 159.2 MHz _

04. In a negative feedback amplifier using
voltage-series (ie. voltage --sampling,
series mixing) feedback.

(A) R; decreases and R, decreases
(B) Ri decreases and R, increases
(C) R; increases and R, decreases
(D) Ri increases and_.R0 increases
(Riand R, denote the input and output

resistances respectively)

05. An amplifier without feedback has a
voltage gain of 50, input resistance of

1 K Q and output resistance of 2.5 KQ

The input resistance of the current —
shunt negative feedback amplifier
using the above amplifier with a
feedback factor of 0.2 is

(AWIUHKQ  B)I5KQ
(C)5KQ (D) 11 KQ

06. Voltage series feedback (also called
series — shunt feedback)results in -

(A) increase in both mput and output
impedances -

(B) decrease in both input and output
impedances

(C) increase in input 1mped_ance and
decrease in output impedance

(D) decrease in input impedance and -

increase in output impedance

. 07. The effect of current shunt’ feedback in-

an amplifier is to

(A) increase the input resistance and
decrease the output resistange

(B) increase both input and output
resistances

(C) decrease both input ‘and output

resistances

(D) decrease the input resistance. and

increase the.output resistance .
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08. In a transconductance amplifier, it is
desirable to have,
(A) a large input resistance and a
large output resistance
(B) a large input resistance and a small
output resistance
(C) a small input resistance and a large
output resistance
(D) a small input resistance and a
small output resistance

09. The oscillator circuit shown in_ the_
figure has an ideal inverting amplnﬁet
Its frequency of oscillations (in Hz) is

A _1_ '
( )(ZK\IGRC)
B —1 ~
( ) (ZnRC)
"‘( ) ——
(«JGRC)
®) V6 (anC) -

KEY: )A @C @(3)B @)C
(9)D (10)D (11)B (12)B

10. The input impedance (Z;) and the
output impedance (Z) of an ideal
transconductance (voltage controlled
current source) amplifier are

(A)Z;=0,Z,=0 (B)Zi=0,Z,=w
(O Zi=,2,=0 (D) Zi= s Zo=o

11. In a Common emiiter amplifier, the
unbypassed emitter resistance provides
(A) Voltage — shunt feedback
(B) Current — series feedback
©) N_egative — voltage feedback
(D) Positive - current feedback
12. In the Schmitt trigger circuit shown
if Vegsan = 0.1 'V, the output logic low

level (VOL) 1S

=125 mA

‘(A)]25,V = B)135V
YIS0V (D)5.00 V

B)A.. (6)C (7)D  (B)A




Chapter: 7 ‘ Power Amplifiers

An amplifier receives a signal from the input source or some pick up transducer and provides
a larger version of the signal to some output device or to another amplifier stage. Since signal
voltage and current are small in a small signal amplifier, the amount of power handling
capacity and power efficiency are of little concern. Large — signal or power amplifiers, on the
other hand, primarily provide sufficient power to an output load to drive a speaker or other
power device. Thus the power amplifier circuits are used to handle large voltage signals at
moderate to high current levels and their main features include power efficiency, the
maximum amount of power that the circuit is capable of handling and the impedance
matching to the output device. ' ' o o
One method used to categorise amplifiers is by ctass of operation. Basicalty; amplifier
classes represent the duration the output signal varies over one cycle of operation for a full
duration of input signal. : o
Class A : The output signal varies for a full 360° of the cycle. Vg _Power supply level
This requires the Q —point to be biased'at a level so'thatat ~  class Al
least half the signak swing of the output may vary up and be bias
swing down without going 1o a high enough voltage tobe |y
limited by the supply voltage level, or too low to

“Fui 360° output

approach the lower supply level. o o
Class B : A class B circuit provides an output signal Vo

varying over one- half the input signal cycle, or

for 180°. Here the dc bias is at cut off (zero current)

So, the output is not a faithful

reproduction of the input as only one half cycle is

present. Two class B operations, one to provide

output on the positive-output half cycle and another ~ Class B dc
output to provide operation on the negative — output bias level *
half cycle are necessary. This type of connection oV
is referred to as push — pull operation.

180°output

Class AB : An amplifier may be biased at a dc level above the zero base current level of class
B and above one — half the supply voltage level of class:This-bias condition is class AB. For
class AB operation the output signal swing occurs between 180° and 360° and is neither class
A nor class B operation.

Class C : The output of a class C amplifier is biased for operation at less than 180° of the
cycle and will operate only with a tuned (resonant) circuit which provides a full cycle of
operation for the tuned or resonant frequency. - S

Class D : This operating class is a form of amplifier operation using pulse signals which.are
on for a short interval and off for a longer interval. The major advantage of class D operation
is that'the amplifier is on only for short intervals and the overall efficiency can practically be

very high. '
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Amplifier Efficiency: Eel

‘The power efﬁcigncy of an amplifier, defined as the ratio of power output to power i.llpiﬁ;'
improves (gets higher) going from class A to class D. —

o/ — Po(ac) ST
N = ae) X 100% :

The larger the input sign.al, the larger the output swing up to the maximum setby the circuit.
The ac power output delivered to the load(Rc) can be expressed in a number of ways.

Po(ac) = Veg(rms) Ie(rms) = Ic(rms) Re = V2 (tms) / Re '
Where Vg (rms) = Vg (peak) / 2

Using peak ~ to — peak signals : The ac power delivered to the load may be expressed using

Po(ac) = VCE(p—PS) I(p-p) _ Ig(p-_sp)ac ~ vcﬁ(gR—Cp)

The power efficiency of an amplifier represents the amount of ac power delivered from the dc
source.

The maxin.mm e.fﬁciency of a class A circuit, occurring for the largest output voltage and
current swings, is qnly 25% with a direct or series fed load connection, and 50% with a
tr.ansformer connection to fche load. Class B operation, with no dc bias power for no input
signal, can be shown to provide a maximum efficiency that reaches 78.5%.

Class D operation can achieve power efficiency over 90% and provides the most efficient

opera.tion of all the operating classes. Since class AB falls between class A and class B in
bias, it also falls between their efficiency ratings - between 25% (or 50%)and 78.5%.

Series fed Class — A amplifier:

o - : v“_‘ ,
= )
"’;OE de load Yie '
C
JA
Oepoi
point
2 < n Oupat
¢
Cusren swing \
' - of ’ ' Voo Yes
0 Veeg Voo - R\ Outpus
'M.m
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———
2l Vee
42 @'
e /
Yec IcSRc  (Load)

Re ) RB
i & I
Cy L> .
r Power
: transistor
, . 3

7 - e
Vi -

rurrent swing 1 Ve Vee ==

—

P OCupa
voltage swing

Pi(de)=Veclc |
Even with an ac signal applied, the average current drawn from the supply remains the same.

. Thf: output vol?age and current varying around the bias point provide ac power to the load.
This ac power is delivered to the load, R, in the circuit. The ac signal, Vj, causes the base -
current to vary around the dc bias. -

Vee(p - p) = Vce
Ie(p-p)=Vec/ Re.
Using the maximum voltage swing.

Maximum Py(ac) = Eg&SCC_/R_C)_

.
- V¢c

8Rc

“The maximum power output can be calculated using the dc bias current set-to half the.

maximum value. . - L -
Maximum Pi(dc) = Vcc(maximum I¢)
VeeRe _Ved
2 R

=Vcc.
Maximum % 1 = 25%
This maximum efficiency of a class A series fed amplifier is seen to be 25%. Since-this

efficiency will occur only for ideal conditions of both voltage swing and current swing, most

series fed circuits will provide efficiencies of much less than 25%.
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Transformer Coupled Amplifier

A class A amplifier having maximum efficiency of 50% T+Vec
uses a transformer to couple the output signal to the load. ]

For a class A transformer — coupled amplifier the
maximum theoretical efficiency goes up to 50%.
Based on the signals obtained using the amplifier,
the efficiency can be expressed as

C
Vi—
VCEmax — VCEmin WZ

VCEmax + VCEmin

%n = 50% [

The larger the value of Vcgnax and the smaller the value of Vcémin, the closer the efficiency
approaches the theoretical limit of 50%. :

Push pull amplifier:

Biasing
network:

e — e

Load

e e —
Input Push-pufl circuit . Output
transformer connection " transtormer

_ Forclass B operation the maximum output power is delivered to the load when Vi) = Vcc.

-2

Maximum Py(ac) = VCC,
2Ry
The corresponding peak ac current I is then
1 L= Vec '
: {p) R, )
So that the maximum value of average current from the supply is maximum
— 2 IP — 2VCC
- lic= - =
n nRy!
, 2V. 2V
. Maximum Pi(dc) = V(maximum I4;) =.Vcc{ nRi(,:] . =21

Ry’

Maximum % = Po(ac) x 100% = %x 100% =78.54%
Pi(dc)

For Vo # 0, the circuit efficiency is less than 78.5%.For class B operation the maximum

power dissipated by the output transitions does not occur at the maximum power input or
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output condition. The maximum power dissipated by the two output transistors occurs when
the output voltage across the load is

Vipy=0. 636Vcc(— = Vo)
For a maximum transistor power dlSSlpation of
Pc(max) = _TFE’_ -—T— Py (max) 0 4 Po(max)

For example, if it is desired to deliver 10W form a class B push — pull amplifier,
Pc(max) =4W. Hence transistors are to be selected with collector dissipation rating of 2W
each.

Class C:
Class C amplifiers, while not used as audio amplifiers, do find use in tuned amplifiers.
+Vee

Thetuned circuit (L and C tank circuit) in
the output-of class C amplifier will provide 2 full :
cycle of output signal for the fundamental or OV
resonantfrequency of that tuned circuit .
(L and C tank circuit) of the output. " RFC
This type of operation is therefore limited to use . ~Vps
at-one fixed frequency. o
Amplifier Distortion : A pure sinusoidal signal has a single frequency at which the voltage
varies positive and negative by equal amounts. Any signal varying over less than the full
360° cycle is considered to leave distortion. When distortion occurs the output will not be an
exact duplicate of the input signal. Distértion can occur because the device characteristics are
not linear, in which case non linear or amplitude distortion occu's. This occurs with all
classes of amplifier operation. Distortion can also occur because the circuit elements and
devices respond to the mput signal differently at various frequencies, this being frequency
distortion.

A signal is considered to have harmonic distortion when there are harmomc frequency
components. If the fundamental frequency has an amplitude, A,, and the n' frequency

component has an amplitude, A,, a harmonic distortion can be defined as % n " trarmonic .

distortion = % D, = |A,| / ]A)| x 100%
The fundameéntal component is typically larger than any harmonic component,

When an output signal has a number of individual harmonic distortion components,
the signal can be séen to have a total harmonic distortion based (THD)

% THD =D =D, + D32 + D@ Feee, x 100%

For a signal occurring-in class AB or class B, the distortion may be mainly due to even
‘harmonics, of which the second harmonic component is the Jargest.

When distortion is present, the output power delivered to the load resistor R due to the
fundamental component of the distorted signal is P, = I,* R¢ /2

The total power due to all the harmonic components of the distorted signal can then be

P= (Il +Iz +13 F o )Rc -
2
The total power can also be expresscd in terms of THD,
P= (1+D2 +D3 ............. )I| Re =(1+D )P]
' 2
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OBJECTIVES SET - A

1. A class A transformer coupled, transistor power amplifier is required to deliver a power
output of 10 watts. The maximum power rating -of the transistor should not -be less than.

a)3W b IOW ¢) 20W d) 40W

2. A power amplifier deliveréSbW output at 50% efficiency. The ambient temperature is
25°C. If the maximum allowable junction temperature is 150°C, then the maximum
thermal resistance ¢;. that can be tolerated is ...........

3. Crossover distortion behaviour is characteristic of -

"~ &) Class A output stage b) Class B output stage
c) Class AB output stage d) Common — base output stage

4. The output power of a power amplifier is several times less than its input power: This is -
_ possible because :

(a) the power ampliﬁer introduces negative resistance

(b) the power amplifier converts a part of the input dc power into ac output power.
(c) positive feedback exists in the circuit

(d) step-up transformer is used in the circuit

5. The main function of the transformer used in the output of a power amplifier is

(a) to step-up the voltage

(b) to increase the voltage gain

(c) to match the load impedance with dynamic output resistance of the transistor
(d) to safeguard the transistor against overheating

6. Heat sinks are used in power amplifier circuits
(a) to increase the output power
. (b) to reduce the heat losses in the transistor
(c) to increase the voltage gain of the power amplifier
(d) to 1ncrease the collector dissipation rating of the transistor

7. Match each of the member of column A with appropriate miember of column B

Column A Column B
1. Maximum efficiency of ' (@)50%
a class-B amplifier is
2. Maximum efficiency of (b)78.5%
a class-A amplifier is _ .
3. Maximum efficiency of ' (c) 100%

a class-C amplifier is , -

8. In a Class C transistor power amplifier, the base bias is

(a) less than that corresponding to the collector cuzrent cut-off value,
(b) equal to that corresponding to the collector current cut-off value,
(c) more than that corresponding to the collector current cut-off value.

9. As compared to a Class B power amplifier, a Class C power amplifier gives:..... feveeof
the current signal waveform.

(a) less distortion (b) the same distortion {C) more distortion
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10. Irrthe case of a Class C power amplifier, the load must be

(a) a pure resistance (b) a parallel tuned circuit (c) a series tuned circuit.

11. The output tuned circuit, in a Class C power amplifier, must have

(a) a large Q value (b) a small Q value (c) a medium Q value.

12. I-n a Class A power amplifier, the angle of flow, of the device output current, is
(2) 90° (by180° () 360°
13. Class A power amplifier systems are
(@) linear (b) somewhat nr)n-linear (c) non-linear.
14.Class B power amplifier systems are

(a) less efficient than Class A power amplifier systems

(b) more efficient than Class C power amplifier systems

(c) more efficient than Class A power amplifiér systems but less efﬁcrent than Class C
power amplifier systems.

15. Under non-signal condrtrons aClass A power amplifier device as compared toa Class B
power amplifier device dissipates

(a) less energy ' (b) more energy - ' (c) same energy

16. A Class A power amplifier is used for amplifying
(a) wide-band audio frequency signals, -+ (b) narrow-band high frequency signals,

(c) wide-band high frequency signals.

17. As compared to parallel operatron push-pull opcratlon of devrces gives rise to
(a) more distortion and less output, (b) less distortion and more output,
(c) less distortion and less output.

18. As compared to smgle-ended operatlon push-pull operation of devrces in amplifiers,
causes -—--- of the signal waveform. o
(a) more distortion, — ~ (b) less distortion, (c) same distortion

19. Push-pull operation, of devices in amplifiers, helps to minimize (in the output signal
waveform) A
(a) odd harmonic components (b) even harmonic components
(c) neither odd harmonic nor even harmonic components.

20. The device rating, in the case-of'a Class A power amplifier; should correspond to
(a) only the non-signal condition (b) only the signal-condition
(c) the non-signal as well as the signal condition.

21. A Class B power amplifier is termed as a linear system, if the load is
(a) a parallel-tuned circuit . (b)a resistance (c) a transformer:

22. As compared to the impedance of the signal source, the input impedance of a voltage
amplifier should be
() small - (b) large (c) equal (d) infinite
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23. A radio-frequency signal contains foﬂowmgihree frequencies: 800kHz,875 kHz and 880
kHz. This signal needs to be amplified. The amplifier used should be

(a) audio-frequency amplifier
(c) tuned voltage amplifier

(b) wide-band amplifier
(d) push-pull amplifier

24. An amplifier of pass-band 450 kHz to 460 kHz will be named as

(a) wide-band amplifier - e+ (b) audio- frequency amplifier
(c) tuned voltage amplifier (d) video amplifier .

25. A narrow-band amplifier is one that has a pass-band
(a) Limited to 2000 Hz only - :
(b) Limited to audio-frequency range only
(c) Approximately 10-% of its central frequency
(d) Somewhere in the region near the cut-off region of the active device used

26. Tuned voltage amplifiers are not used
(a) in public-address systems (b) in radio receivers
(c) where a band of frequencies i is to be selected and amplrﬁed
(d) in television receivers

27. In a series resonant circuit, the impedance at resonance is
(a) minimum, and is equal to the resistance of the coil )
(b) maximum and is equal to QxR where Q is the quality factor of the coil and R is its
resistance

(c) equal to 2R. where R is the coil resistance
(d) equal to R/2, where R is the coil resistance

28.Fora series or parallel LC circuit, resonance occurs when
(a) Xy is ten times X¢ (c) Xris equal to X¢ °

(b) X, is Q fimes X - - () Xcis 10 times Xy
29. An ac circuit resonates at 1000 kHz. It has a quality factor 50. The bandwidtlr (BW) and
half-power points are
(2) BW = 10 kHz; f; = 1000 kHz; f, = 1010 kHz
(b) BW = 20 kHz; f; = 1000 kHz; f,= 1020 kHz
(c) BW =20 kHz; f;= 990 kHz; f, = 1010 kHz _ —
(d) BW =10 kHz; f;= 995 kHz; f;= 1005 kHz

KEY L .
l.e 2.5°C/W 33 4b 5c¢ 6.d 7.1b2-33-c8af.a 10.b

1la 12¢ 13c¢ 14c 15b 16a 17b 18b 19b 20a 21b

22b 23c 24c 25¢ 26a 27a 28c 29%



Chapter: 8 FUNCTION GENERATOR & 555 TIMER

T'f‘ Vc-c

Voltage Controlled Oscilator (VCO) 2>
Ground EE Ry

n

NC[2] NE/SE

Sq.wavg 566 VCO
outplE
Triangulz
wavd 4
output

O] BRI =

Mockiloti
Thput,

]

A common type of VCO available in IC form is signetics NE/SE 566 The pin conﬁguranon
and basic block diagram of 566 VCO is shown above. :

A tining capacitor Cr is linearly charged or discharged by a constant current source/sink. - '
The amount of current can be controlled’ by changing the voltage V¢ applied at the -

modulating input pin 5 or by changing the timing resistor Ry external to IC chip. The voltage
at pin 6 is held at the same voltage as pin 5.

The voltage across the capacitor Cr is applied to the inverting input terminal of Schmitt

trigger A, via buffer amplifier A;. The output voltage swing of the Schmitt trigger is .~

designed to Ve and 0.5 Vee. When the voltage on the capacitor Cr exceeds 0.5V cc during
charging, the output of the Schmitt trigger goes Low (0.5V¢c). The capacitor now discharges
and when it is at 0.25Vc, the output of Schmitt trigger goes HIGH (Vec). Since the source
and sink currents are equal, capacitor charges and discharges for the same amount of time.
This gives a triangular voltage waveform- across Cr which is ‘also available at pin 4. The

" square wave-output of the Schmitt trigger is inverted by inverter A; and is available at pm 3.

The frequency of oscillator fp is ,

-1 _ . _Vec-Vc
fo= o.svccg:T Where i =—p— .
Where V¢ is the voltage at pin 5, y (V .V )
e = 2Vec=Ve
- = TRV

The output frequency of the VCO can be changed either by (1) Ry, (ii) Cy.or (m) the voltage
V¢ at the modulating input terminal pin 5.

A parameter of 1mportance for VCO is voltage to frequency. conversion factor Ky and is
definedas

Afy -

K =
Vo AVe
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Here AV is the modulation voltage required to produce the frequency shift Af, for a VCO

Afy = fi—1
- 2(Vec=Ve+AVeg) 2(Vec- Vo)
CT RT V_cc CT RT VCC
_ _2AVc
CrRr Ve
ave = AGCTRiVe '
555 Timer->
) Ay
Ground 18 Ve
Trigger 71 Discharge.
Output B >33 EThreshold
Reset  [4] " [SlControl
voltage

8-pin package

The three 5KQ internal resistors act as voltage divider, providing bias voltage of 2/3 V¢c to

-the upper comparator and 1/3 Ve to the lower comparator, where Vc is the supply voltage.

Since these two voltages fix the necessary comparator threshold voltage, they also aid in
determining the time interval. It is possible to_vary time electronically too, by applying a
modulation voltage to the control voltage input terminal (pin5). A negative going trigger
pulse is apphed to pin 2 and should have its dc level greater than the threshold level of the
lower comparator ( i.e Vcc /3). The reset input (pin 4) provides a mechanism to reset the FF

" in a manner which. over rides the effect of any instruction coming to FF from lower
‘comparator. The transistor Q; serves as a buffer to isolate the reset input from the FF and
‘transistor. Q. The transistor Q, is driven by an internal reference voltage Vs obtained from

supply voltage Vce.
Monostable Operation -> . . +Vec
Voltage across the capacitor is given by 8 i4
: — Ve =V (1-¢79 Trigger _ 2|
At =T, Ve=2/3Vee input
Therefore,  2/3 Vee = Vee (1-6™79) 355
- Or T=RCh(1/3)
. Or  T=1.1 RC seconds.
Missing pulse detector, Linear Ramp Generator, 0.01pE[ |
Frequency divider, pulse width Modulation are T——_]i
. output 1

the épplications of Monostable Operation of 555 timer.
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s
Astable Operation> -
[ v e
“m 0= Output
b3 " al—otuu 0 J’HIGHI'-I b T ol

iT

Capacitor voltage for a low pass RC circuit subjected to a step input of Vc volts is given by
~ Ve = Vee(1-e779

‘The time t, taken by the circuit to charge from 0 to 2/3 Ve

23Vee = Vee(1-¢RG

ort; =109 RC

and time t; to charge from 0 to 1/3 V¢ is,

173 VCC Vcc( 1- CIZIRC)

or p = 0405RC
so the time to charge from 1/3 V¢ to 2/3 Ve is

thighn = tj—ta =0.69RC =0.69 (RA +Rp)C.

The output is low while the capacitor discharges from 2/3 Ve to 173 Vcc and the voltage
across the capacitor is given by 13 Ve =2/3 Ve e ¢
t =0.69RC
trow = 0.69 RgC

Notice that both R, and Rgp are in the charge path, but only Ry is in the discharge path.
' Total time T =tyen + trow = 0.69 (Ra +2Rp) C.
145 '*

S0, '—'F_(RA TIRGC

Resistors Ry and-Rp could be made variable to allow adjustment of frequency and pulse
width. If Rs =Rg, then 50% duty cycle is achieved.]

FSK generator, pulse position Modulator are applications of the stable mode of operation of
555 Timer. a

Practically a 555 timer is used in oscillators, pulse generators, ramp and seluare wave
xc.g;enerator, monoshot multivibrator, burglar alarm, traffic light control and voltage monitor

elc.
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1.Thec

1
L .
—d7 | "]
" "s:'r 58 . 2 | ‘\lk/
nas ‘U o018 1 Capacitor
. ¢ 1

voltage

OBJECTI VES

capacitor C
a duty cycle of 0.75 for the output voltage waveform are

ircuit shows a 555 Timer IC connected as an astable multivibrator. The value of the
is 10 nF. The values of the resistors Ra and Rg for a frequency of 10kHz and

(GATE 2003, EEE)
Vee

2. The function of the Diode D in the timer circuit shown below is to

R 2160K0. Rg = R
“@)Ry =362K2, Rp =3.62kQ * Th| v
g _ =725kQ Re ‘

b)Ra =3.62kQ, Rp =7 Tr | 555 .

- C Timer
¢)Rp =725 kQ, Rg =3.62kQ 7 :L: 1c
- Ry =7.25kQ 1
d) R =725kQ, Rp Discharge

(IES 2003, ECE)

a) Increase the charging time of C _ +5V
b) Decrease the charging time of C - %;A 74 8
c) VIncrease the discharging time of C D% j 62 555 3—o
d) Decrease Fhe discharging time of C ’L ﬁj; |1

3. Circuit shown in the figure represents

(IES ‘99, ECE)

a) .an astable MV

b) a monstable MV

6
¢) VCO |2

d) Rﬁﬁp generator -

4. The output of the circuit shown in the figure will be
a) delayed pulses +5

 b) square waves —-

c) triangular waves Rg=3kQ

~ d) trapezoidal waiveS : .

Vee
3Ve]
>

(IES *97, ECE)

c,—oomr_]: - <
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5. The given figure shown the application of 555-timer circuit as an astable multivibrator.

The charging discharging time constants are respectively. (IES ‘96, ECE)
a) RiCandR, C — Vee
R;
b) RiCandR; +R)C 1 8 4
Ris 555 output
¢ RC+R)CandR,C el = P Y
' 2

d) R,C andR,C -

|| * To win the RACEjoin the ACE ” II

“All the best” |
| ———

Objective Questions Revision and Practice Set

ONE MARK QUESTIONS

01. The first dominant pole encountered in
the frequency response of a
compensated op-amp is approximately

at GATE - 1999
(a) 5Hz (b) 10 kHz
(c) 1 MHz (d) 100 MHz

02. Negative feedback in an amplifier
GATE - 1999
(a) reduces gain
(b) increases frequency and phase
distortions
(¢) reduces bandwidth
(d) increases noise

03. In the cascode amplifier shown in the
figure, if the common-emitter stage
(Qi) has a transconductance g, and
the common base stage (Q2) has a
trasconductance gy2, then the overall
trasconductance  g(=iyv)) ‘of the
cascode amplifier is

GATE - 1999
- Q .
%e | | vo
v, Q , = Ry
(@) gm (®) gm2
(©) gm/2 (d) gm/2

04. Crossover distortion behaviour is
* characteristicof ~ GATE - 1999
(a) Class A output stage .
(b) Class B output stage
(c) Class AB output stage
(d) Common-base output stage

05. In the differential amplifier of the
figure, if the source resistance of the
current source Igg is infinite then the
common- mode gain is

GATE - 2000
Vee

(a) zero
(c) indeterminate
(d) (Vin1 + Vinz )2V1’

(b) infinite

06. In the circuit of the figure, Vois

GATE - 2000
+15V

LV e——AWWN—
R
AW
R
@ -1V )2V
(© +1V (d) +15V
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07. Introducing a r'v_e'sistor in the emitter of
" acommon emitter amplifier stabilizes
the dc operating point against
variations in GATE - 2000
(2) only the temperature
(b) only the B of the transistor
(c) both temperature and

_(d) none of the above

08. The current gain of a bipolar transistor
drops at high frequencies because of
o GATE -2000
" (a) transistor capacitances -

(b) high current effécts in the base
(c) parasitic inductive elements
(d) the Early effect

09. If the op-anp in the figure, is ideal,
then_ Vo i GATE - 2000 -

C

I¢
IR

V, Sinw C
V,Sinw Clk—_.

(a) zero

(b) V- Vz) Sil‘l_O)_t
() =(V) + V) sinwt
(d) (V1 + V3) sinwt

10. The most commonly used amplifier in
sample and hold circuits is
_ GATE-2000-
(a) a unity gain inverting amplifier .
(b) a unity gain non-inverting amplifier
(c) an inverting amplifier with a gain
of 10
(d) an inverting amplifier with a gain
of 100

11. The configuration of the figure is a
GATE -2000

S -

(a) precision integrator

(b) Hartley oscillator

(c) Butterworth high pass filter
(d) Wien-bridge oscillator

12. Assume that the op-amp of the figure
is ideal. If viis a triangular wave; then
v, will be - GATE -2000

R

(a) square wave

(b) triangular wave
(c) parabolic wave
(d) sine wave

13 The current gain of a BJT is

GATE - 2001
(@) gnto - (b) gn/te
©) gmlz- (d) gm/Tx

14. The ideal OP-AMP has the following
characteristics.: - GATE ~ 2001
(@ Ri=w,A=0,R,=0-- =
(b)Ri=0,A=00,R,=0
(©)Ri=w,A=w,R,=
@Ri=0,A=w,R,=
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15. Consider the following two statements

Statement 1:
Astable multivibrator can be used for
generating square wave.
Statement 2;
Bitable multivibrator can be used for
storing binary information
GATE -2001
(a) Only statement 1 is correct
(b) Only statement 2 is correct
“(c) Both the statements | and 2 are
“ correct
(d) Both the statements 1 and 2 are
incorrect

16. In a negative feedback amplifier using
voltage-series (i.¢., voltage sampling,
series mixing)feedback GATE - 2002

() Ri decreases and R, decreases
(b) Ri decreases and R, increases
(c) Riincreases and R, decreases
(d) R; increases and R, increases
(R; and R, denote the input and output

Tesistances respectively)

" 17. Three identical RC-coupled transistor

“amplifiers.are cascaded. If each of the
_ .. amplifiers has a frequency response as
shown in the figure, the overall
frequency response is as given in
GATE - 2002

®)

©

40Hz 0.5KHz ¢

40Hz 1KHz ¢

40Hz 2KHz ¢

18. A 741-type opamp has a gain-

(2) 50 KHz
(¢) 1000/17 KHz (d) 1000/7.07 KHz

bandwidth product of 1 MHz. A non-

inverting amplifier using this opamp-

and having a voltage gain of 20 dB

will exhibit a—3- dB bandwidth of

. GATE -2002
(b) 100 KHz
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19. Choose the correct match for input
resistance.of various amplifier
configurations shown below
Configuration Input resistance

- CB: Common'Base  LO: Low

CC: Common Collector MO: Moderate

CE: Common Emitter  HI: high
L GATE -2003 .

(2) CB-LO, CC-MO, CE-HI

(b) CB-LO, CC-HI, CE-MO—

(c) CB-MO, CC-HI, CE-LO.

(d) CB-HI, CC-LO, CE-MO .

20. The circuit shown in the figure is best
" described as a GATE - 2003

T T

(a) bridge rectifier
{b) ring modulator
(¢) frequency discriminator
(d) voltage doubler

21. If the input to the ideal comparator
shown in the figure is'a sinusoidal
signal of 8V (peak to peak) without
nay DC component, then the output of
the comparator has duty cycle of

: GATE -2003

Input

Oufput” -

Vv L

(@1/2
{9)1/6

b)1/3
@1/12

22. If the differential voltage gain and the
" common mode voltage gain of a
deferential amplifier are 48 dB and 2
dB respectively, then its common
mode rejection ratio is

_ . GATE -2003
(223 dB (b)25 dB
(c) 46 dB (d) 50 dB

23. Generally, the gain of a transistor
amplifier falls at high frequencies due
—to the GATE -2003
(a) internal capacitances of the device
(b) coupling capacitor at the input
(c) skin effect
(d) coupling capacitor at the output

24. An ideal op-amp is an ideal
- " GATE-2004
(a) voltage controlled current source
(b) voltage controlled voltage source
(¢) current controlled current source
(d) current controlled voltage source

25. Voltage series feedback(also called
series-shunt feedback) results in
- GATE -2004 .
(a) increase in both input and output
impedances :
(b) decrease in both input arid output
impedances - .
(c) increase in input impedance and
decrease in output impedance
(d) decrease in input impedance and
- Increase in output impedance

26. The circuit in the figure is a

GATE-2004

() low-pass filter
{b) high-pass filter
(c) band-pass filter
-(d) band-reject filter

ACE Academy
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27. Assuming V¢ggy = 0.2V and f = 50,
the minimum base current (Iz) required
to drive the transistor in the figure to
saturation is GATE -2004

3V
(a) 56 A Je
(b) 140 mA 1kQ

() 60 pA | 4§

(d)3mA
28. The effect of current shunt feedback in

an amplifier is to GATE — 2005

(a) increase the input resistance and
decrease the output resistance

(b) increase both input and output
resistances

(c) decrease both input and output
resistances

(d) decrease the input resistarice and -
increase the output resistance

29. The input resistance R; of the amplifier -
shown in the figure is GATE -2005

30K
— WA

(b) 10kQ
(d) infinite

(a) 30/4 @
() 40kQ

30. The cascade amplifier is a multistage
configuration of GATE - 2005
" (a) CC-CB (b) CE-CB
(¢)CB-CC. (d) CECC
31. The input impedance (Z;) and the
- output impedance (Z,) of an ideal
transconductance(voltage controlled
current source) amplifier are
GATE -2006
@Zi=0,Z,=0 0)Zi=0,Z,=c
©Zi=0,Z,=0 (d) Zi=c,Z,=%

32. An n-channel-depletion MOSFET has
following two points on its Ip — Vs
curve:

(i) Vgs=0atIp=12.mA and

(ii) Vgs = -6 Volts at [p=0 .
Which of the following Q-points will
give the highest trans-conductance
gain for small signals? GATE - 2006

(a) Vgs ==6 Volts (b) Vgs =3 Volts
(¢) Vgs=0Volts (d) Vgs = 3 Volts

33. The correct full wave rectifier is
GATE -2007

(a)

Output

Output

) InPut ‘, _—l

Output

N (c) lnput|» _l

Output
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34.

35.

13.

19.

25.

31

In a trasconductance amplifier, it is

desirable to have GATE - 2:07

(a) a large input resistance and large
output resistance

(b) a large input resistance and a small
output resistance

(c) a small input resistance and a large
output resistance

(d) a small input resistance and a small
output resistance

In the following limiter circuit, an
input voltage V; = 10 sinl100xt'is
applied. Assume that the diode drop is
0.7 V when it is forward biased. The
Zener breakdown voltage is 6.8 V.

IK .
Dy
Vj YS_DZ Vo
Z 568V
o -0

The maximum and minimum values of
the output voltage respectively are
GATE - 2008
@61V,-07V (b)0.7V,-75V
©)7.5V,-07V (d)7.5V,-75V

2b 3.a 4b 5a 6.d
8a 9c¢ 10b 11d I2a
¢ l4.a 15.¢c 16.¢c 17.a 18.b
b:20d 21.b 22.c¢ 23.a 24.b
¢ 26.a 27.a 28.d 29.b 30.b

d 32.d 33.¢ 34.a 35.¢

ACE Academy

01.

02.

03.

TWO MARKS QUESTIONS
An npn transistor (with-C, = 0.3 pF)
has a unity-gain cutoff frequency fy of
400 MHz at dc bias current Ic = ImA.
The value of its C,, (in pF) is
approximately (Vr=26mV)

GATE ~ 1999
@15 (b) 30
(c) 50 (d) 96

An amplifier has an open-loop gain of
100, an input impedance of 1k<, and
an output impedance of 100Q. A
feedback network with a feedback
factor of 0.99 is connected to the
amplifier in a voltage series feedback
mode. The new input and output
impedances respeciively, are

GATE - 1999
(@)10Qand 1 Q
(b) 10 Q and 10kQ
(©) 100kQand 1 Q
(d) 100 k€2 and 10 kQ

A dc power supply has a no-load
voltage of 30 V, and a full-load voltage
of 25V at a full-load current of 1 A.
Its output resistance and load
regulation respectively, are

GATE -1999
(a) 5Qand 20% (b) 25 Q and 20%

(€)5Qand 16.7% (d) 25 Q and 16.7%

~—04. An amplifier is assumed to have a

single-pole high-frequency transfer
function. The rise time of its output
response to a step function input is

35 nsec. The upper-3 dB frequency (in
MHz) for the amplifier to a sinusoidal
input is approximately at

GATE - 1999
(a) 4.55 (b) 10
©20 . (d)286
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05. In the circuit of the figure, assume that
the transistor is in the active region. It
has a large § and its base-emitter
voltage is 0.7V. The value of I.. is

GATE -2000

(a) Indeterminate since R; is not given
(b) 1 mA ‘

(¢)5mA

(d) 10 mA

06. If the op-amp in the figure has an input
offset voltage of 5 mV and an open-
loop voltage gain of 10,000, then v,
will be

GATE -2000

+15V

V/l

@oVv

®)5mV

{(c)+15V or-15V
(d) +50V or =50 V
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07. An npn BIT has g, =38 mA/V,

C,= 10™F,C,=4x 10" F,and DC
-current gainB, = 90. For this transistor

fT a.l‘ld fﬁ are

GATE - 2001

()fr = 1.64 x 10® Hz and
f3=1.47x 10" Hz
(M)fr= 147x10‘°Hzand
f=1.64 x 10° Hz
(©)fr=1.33 x 10"* Hz and
fy=147x 10" Hz
(dfr = 1.47 x 10" Hz and
f3=1.33x 10" Hz

the figure has a regulated output
voltage of 10 V,; when the input varies
form 20 V to 30V. The relevant
parameters for the zener diode and the
transistor are: V, = 9.5 V, Vgg = 0.3V,
B =99. Neglect the current through Rg.
Then the maximum power dissipated

in the zener diode (Pz) and the

08. The transistor shunt regulator shown in

transistor (P1) are GATE - 2001
20€2
I L
v c
Vin . ¥ V, —10V
2030V ReZ Ve
O L 2 —0

() Pz=75mW, Pr=7.9 W
(b) P2 =85mW, Pr=89 W
() Pz=95mW, Pr=9.9 W

(@ Pz=115mW,Pr=119W

GATE -

cc

figure is

L.

09. The oscillator circuit shown in the

2001

(a) Hartley oscillator with
foscillalion =79.6 MHz
(b) Colpitts oscillator with
fL)scillznion =79.6 MHz
(c) Hartley oscillator with
foscillalion = 1592 MHz
(d) Colpitts oscillator with
foscilla!ion =159.2 MHz

10. The inverting OP-AMP shown in the
figure has an open-loop gain of 100.

The closed-loop gain —\\;"— is

s

_ GATE - 2001 o
Ry=10K
AN
R]le
‘A Vi
Vo
= = \
(a)-8 . (by-9

“(c)-10 (d)-11

11. In the figure assume the OP-AMPs to
be ideal. The output V,, of the circuit is _
~  GATE- 2001 -

10mH LOuF
10Q B
v, 100Q

=10cos(100t) Vo

‘L?_

(2) 10cos(100t) ~ (b) 10 [cos(1007)dr

(¢ 107 ]'cos(l 00r)dz

(]

(@10 g;cos(l 00r)
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12. An amplifier using an-opamp with a
slew-rate SR=1 V/usec has a gain of
40 dB. If this amplifier has to faithfully
amplify sinusoidal signals form dc to
20 KHz without introducing any slew-
rate induced distortion, then the input
signal level must not exceed.

GATE -2002
(a) 795 mV (b) 395 mV
(©)79.5 mV (d)39.5mV

“13..An amplifier without feedback has a
voltage gain of 50, input resistance of
1KQ and output resistance of 2.5k Q.
The input resistance of the current-
shunt negative feedback amplifier
using the above ampllfer with a
feedback factor 0f 0.2 is

- GATE - 2003
(@ l/11KQ . (b) I/5KQ
(c) SKQ (d) 11 KQ

14, The circuit in the figure employs

positive feedback and is intended to
generate sinusoidal oscillation. If at a
frequency f,, then to sustain
oscillation at this frequency

V, (f) 1
B ==/0°
f) = V.0 6
GATE - 2002
R,
P —
K
— WWA -
+T
+
Network Vo ()
+ B(f)
Ve(f) \[/
(@R;=5R, (b)R2=6 Rl
©)Re= R? @R =21

—

15. A zener diode regulator in the figure is
to-be designed to meet the

specifications: I, = 10mA, V, =10V
and Vi, varies from 30 V to 50 V. The
zener diode has  Vz =10V and I
(knee current) = 1mA. For satlsfactory
operation.
GATE - 2002
R A
i J/ l I, = 10ms
Ii_ big:¥

(@) R<1800Q
(b) 2000 Q2 < R <2200 Q_
(c) 3700 & <R <4000Q

(d) R > 4000Q

16. The voltage gain Av=Vy/V;
of the JFET amplifier shown in the

figure is GATE - 2002
Ci
+ l
Rg
Vi(aMQ
(o) —e
Ipss = 10mA Vp= -5V
(Assume Cy, C; and C; to be very
large)
(a)+18 (b)-18
{c) +6 d)-6 -
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17. The oscillator circuit shown in the

figure has an ideal inverting amplifier.

Its frequency of oscillation (in Hz) is
GATE -2003

R

e
(g}
(g}

|
=
|=

? (2n/6RC) ®) (2m2nR

%
(/6RC) (2727R
18. Consider the following statements in
connection with the CMOS inverter in
the figure, where both the MOSFETSs
are of enhancement type and both have
a threshold voltage of 2V.
Statement 1: T, conducts when
Vix2V.
Statement 2: T; is always in saturation
when V,=0V..

o +5V

—

> T,

s

Which of the following is correct?
GATE - 2002

(a) Only Staternent 1 is TRUE

(b) Only Statement 2 is TRUE

(c) Both the Statements are TRUE

(d) Both the Statements are FALSE

19. In the amplifier circuit shown in the
figure, the values of R| and R; are such
that the transistor is operating at
Vee= 3V and Ic = 1.5 mA when its §

is 150. For a transistor with § of 200,
the operating point (Vcg, Ic) is

GATE — 2003
VCC =6V

@@V, 2mA)  (b) b) 3V, 2mA)

(¢) (4V,2mA)  (d) (4V, ImA)

20. The output voltage of the regulated
power supply shown in the figure is
GATE -2003

+
é]KQ ’
15V DbC

Unregulated @ NEa
Power source

40KQ
20KQ Regulated
DC Oytput
@3V b)6V
9V dizv

21. The action of a JFET in its equivalent
circuit can best be represented as a
GATE -2003

(a) Current Controlled Current Source
(b) Current Controlled Voltage Source
(c) Voltage Controlled Voltage Source
(d) Voltage Controlled Current Source
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22. If the op-amp in the figure is ideal, the
output voltage V,,, will be equal to
GATE - 2003
5KQ

1KQ
2V =
3V + Vou!
1KQ
8KQ
@1v b6V
14V @17v

* 23. Three identical amplifiers with each

one having a voltage gain of 50, input
resistance of 1 K and output -
resistance of 250Q, are cascaded. The
open circuit voltage gain of the -
combined amplifier is

GATE - 2003
(2)49dB (b)51dB
(cy98dB (d) 102 dB

24. An ideal sawtooth voltage waveform
of frequency 500 Hz and amplitude
.3 V is generated by charging a
capacitor of 2uF in every cycle. The
charging requires
' GATE -2003
~(a) constant voitagesource of 3V for---
1 ms
(b) constant voltage source of 3 V for
2ms
(c) constant-eurrent source of 3 mA for
1 ms

(d) constant current source of 3 mA for
2ms

25. A bipolar transistor is operating in the
active region with a collector current
of 1 mA. Assuming that  of the
transistor is 100 and the thermal
voltage (V1) is 25 mV, the
transconducatance (gn) and the input
resistance {(r,) of the transistor in the
common emitter configuration, are

GATE - 2004

(a) g =25mA/V and r, = 15.625 kQ
(b) gn =40mA/V and 1, =4.0kQ
() gm =25mA/V and 1, =2.5kQ
(d) gn =40mA/V and 1, =2.5kQ

26. The value of C required for sinusoidal
oscillations of frequency 1 kHz in the
circuit of the figure is GATE- 2004

1kQ 2.1kQ
| A AN——
c ==
1kQ
1kQ C
ghe e
(@ qu (b) 2z uF
2%

(C) \/_ uF (d) 216 yuF

27. In the op-amp circuit given in the
figure, the load current i is -~
GATE - 2004

R] RI
S— AN

(b)

vS
@z
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28. In the voltage regulator shown in the
figure. the load current can vary from
100 mA to'S60 mA. Assuming that the
Zener diode is ideal (i.e., the Zener
knee current is negligibly small and

Zener resistance is zero in the
breakdown region), the value of R is
GATE - 2004

R
AN

@710 . 0700
(©) 703 Q (d) 140

29. In a full-wave rectifier using two ideal
diodes, V4. and Vy, are the dc and peak
values of the voltage respectively
across a resistive load. If PIV is the
peak inverse voltage of the diode, then,
the appropriate relationships for this

rectifier are GATE - 2004

w

@ v, = X"l,'PIV =2V
Y/

®) v, =2£;PIV=2V

m
T

Vo prvZv,
- ‘

(C) vdc =2

@ v, =£,P1v =V,
= T

+ .
12V <> sy N Variable Load

10010 500mA

30. For an npn transistor connected as
shown in the figure, Vgg = 0.7 volts.
Given that reverse saturation current of
the junction at room temperature
300°K is 10" A, the emitter current

is

GATE - 2005

@30mA ~ (b)39mA
(©)49 mA (d) 20 mA

31. The voltage e, indicated in the figure
has been measured by an ideal
voltmeter. Which of the following can

" be calculated? -
o GATE - 2005

~ (a)Bias current of the inverting input
" only o
(b) Bias current of the inverting and-
non- inverting inputs only
(c) Input offset current only
(d) Both the bias currents and the input
offset current

ACE Academy

32. The op-amp circuit shown in-the figure
is a filter. The type of filter and its cut-
off frequency are respectively

GATE - 2005

10K

10K

\'A o_)
]”F%K

(a) high pass, 1000 rad/sec.
(b) low pass, 1000 rad/sec.
(c) high pass, 10000 rad/sec.
(d) low pass, 10000 rad/sec.

33. In an ideal differential amplifier shown
in'the figure, a large value of Rg
GATE -2005

oVee

(a) increases both the differential and
common-mode gains

(b) increases the common-mode gain
only:

(c) decreases the differential-mode
gain only

(d) decreases the common-mode gain
only.

Revision and Practices ; 13.

34. For an n-channel MOSFET and its
transfer-curve shown in the figure, the
threshold voltage is GATE ~ 2005

FEE P R V=5V

I ‘ D
& |
g3 Ve=3V
- G | ':
O
v Vs
1S
V=1V
(a) 1 V and the device is in active
region
(b) -1 V and the device is in saturation
region
(c) 1 V and the device is in saturation
region :
(d) -1 V and the device is in active
region. :

35. The circuit using a BJT with B =50
and Vg =0.7 V is shown in the
figure. The base current Ig and
collector voltage V¢ are respectively

GATE - 2005

_ N .
20V
BKOZS

Vo

(a) 43 uA and 11.4 Volts
(b) 40 pA and 16 Volts
{c)45 uA and 11 Volts
(d) 50 pA and 10 Volts
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36. The zener diode in the regulator circuit 0V

shown in the figure has a zener voltage (b)
of 5.8 volts and a zener knee current of
0.5 mA. The maximum load current 5V

+8V

drawn form this circuit ensuring proper
functioning over the input voltage
range between 20 and 30 volts is
GATE -2005
1kQ

AN -

@

V; V, =58V ..Load

2030V | © *5v

-1V

+5V

(b) 142 mA

(2)23.7mA"
(d) 24.2 mA

(c) 13.7mA

37. Given the ideal operational amplifier
circuit shown in the figure indicate the
correct transfer characteristics
assuming ideal diodes with zero cut-in

voltage. (d) +10V

SV

" GATE - 2005

+10V

(@

-8V +5V \

-10v

ACE Academy
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Common Data Questions 38,39,40
Given, rg =20 kQ, Ipss =10 mA,
Vp = -8V

GATE - 2005

20V

Zi Zo .

38. Z;and Z, of the circuit are réspectively
GATE - 2005
(@) 2MQ and 2 kQ

(b) 2 MQ and 20/11 kO
(¢) infinity and 2 kQ)
(d) infinity and 20/11 kO,

39. Ip and Vs under DC conditions are
respectively - GATE - 2005
(@)5.625mA and 8.75V

(b) 7.500 mA and 5.00 V
(c)4.500 mA and 11.00 V
(d)6.250mA and 7.50 V

40. Transconductance in milli-Siemens

(mS8) and voltage gain of the amplifier

are respectively. GATE - 2005
(a) 1.875 @S and 3.41

(b) 1.875 mS and -3.4]
() 3.3 mS and -6
(d)33mSand 6

41. For the circuit sho va in the following
figure, the capacitor C is initially
uncharged. A: t=0, the switch S is
closed. The “oltage V¢ across the
capacitoratt=1msis  GATE 2006
. So., E €=l o

In the figure shown above, the OP-
AMP is supplied with + 15V. -
(a) 0 Volt (b) 6.3 Volts
(¢) 9.45 Volts (d) 10 Volts

42. For the circuit shown below, assume
that the zener diode is ideal with a
breakdown voltage of 6 volts. The
waveform observed across R is
- GATE - 2006

6V
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Commeon Data for Questions 43, 44
& 45.
In the transistor amplifier circuit
shown in the figiire below, the
transistor has the folowing
_parameters:

Boc =60, Ve =0.7 V, hie> o, h > o
The capacitance Cc can be assumed to

be infinite.
12V

1K
53K

AN ~
A

In the figure above, the ground has
been shown by the symbol V
GATE - 2006

43. Under the DC conditions, the
collector-to-emitter voltage drop is
(a) 4.8 Volts (b) 5.3 Volts
(€)6.0 Volts  (d) 6.6 Volts

" 44.¥f Boc is increased by 10%, the

collector-to-emitter voltage-drop
(a) increases by less than or equal

to 10%
(b) decreases by [€s5 than or equal
to 10%

(c) increases by more than 10%
(d) decreases by more than 10%

45. The small-signal gain of the amplifier

Ve Vsis GATE - 2006
(a) 10 (b)-5.3
©53 (d) 10

Statement for Linked Answer 46

& 47.

A regulated power supply, shown in
figure below, has an unregulated input
(UR) of 15 V and generates a regulated
output V. Use the component values
shown in the figure.

15V (UR) Ql

;v .
§7m

In the figure above, the ground has
been shown by the symbol V
GATE - 2006

46. The power dissipation across the
transistor Q1 shown in the figure is
(a) 4.8 Watts (b) 5.0 Watts
(c) 5.4 Watts (d) 6.0 Watts

47. If the unregulated voltage increases by
20% the power dissipation across the
transistor Q1..

(a) increases by 20%
(b) increases by 50%
(c) remains unchanged
(d) decreases by 20%

48. For the Op-Amp circuit shown in the
2&9TE - 2007

figure, V, is

\4 out

ACE Academy
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49. The DC current gain B)ofaBITis
50. /.\ssuming that the emitter injection
efficiency is 0.995, the base transport

factor is GATE - 2007
(a) 0.980 (b) 0.985
(©)0.:990 (d) 0.995

50. For the BJT circuit shown, assume that
the B of the transistor is very large and
VBe =0.7 V. The mode of operation of
the BJT'is " GATE - 2007

10 kQ

X

(a) cut-off (b) saturation
(¢) normal active (d) reverse active

51. In the Op-Amp circuit shown, assume
that the diode current follows the
equation [ = exp (V/Vy). For Vi=2
V, Vo = Vo|, and for Vi =4 V,

Vo =Vy,. The relationship between Vo
and Voz is

. GATE-2007..,

2kQ

(@ V= ‘\/EVOI
() Via=e* vy,
(©) Ve =Vy; In2
(d) VO] - Voz = VT In2

(c)7.14t0 743V

—

52. .In the C MOS inverter circuit shown .
if the trasconductacnce parameters of
the NM_OS and PMOS transistors are
k,= kp = Ha Cox
v, ud 2

=u,C, L—”=40/1A/Vf and their
r

L

threshold voltages are, Vg = Vgl =
1V, the current Iis ~ GATE - 2007

5V
PMOS
25V P
NMOS
(@0A (b) 25 uA
(©)45uA (d) 90 pA

53. For the Zener diode shown in the
figure, the Zener voltage at knee is
7V, the knee current is negligible and
the Zener dynamic resistance is 10 Q.
If the input voltage (V;) range is from
10 to 16V, the utput voltage (V,)

ranges from GATE -2007
200Q
o+
Vl VO
(@)7.00t07.29V  ()7.14t07.29 V

(@)7.29%743V
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54.

53.

56.

Common Data for Questions 54, 53,
56 :

The figure shows the high-frequency
capacitance-voltage (C-V)
characteristics of a Metal/SiOx/silicon
(MOS) capacitor having an area of 1 X
10 cm’. Assume that the

permittivities ( €.€,) of silicon and Si0;

are 1 x 107 F/em and 3.5 x 10" Flem
respectively.

The gate oxide thickness in the MOS

capacitor is GATE -2007

() 50 nm (b) 143 nm

(c) 350 nm (d) 1 ym

The maximum depletion layer width in
siliconis  GATE -2007

(2) 0.143 pm (b) 0.857 um
©) 1 pm (@ 1.143 ym

Consider the following statements
about the C-V characteristics plot:

S1 : The MOS capacitor has as n-type
substrate.

S2 : If positive charges are introduced

in the oxide, the C-V plot will shift to -

the left.

Then which of the following is true?
GATE - 2007

(a) Both S1 and S2 are.true

(b) S1 is true and S2 is false

(¢) S1 is false and S2 is true

(d) Both S1 and S2 are false

Statement for Linked Answer Questions
57 &58: ) '
Cansider the Op-Amp circuit shown in the
figure. R

T

57. The transfer function Vo(s)/Vis) is

GATE -2007
1-sRC 1+sRC
(b)
@skc - 1-sKC
1
d
© 1Z5rC @ T 5re

58.1f V, =V, sin{ot) and
V, =V, V) sin(ot+¢),then the
minimum and maximum values of ¢
(in radians) are respectively

GATE — 2007
() -n/2 and 7/2 (b) 0 and 7/2
(c)-mand 0 (d) —n/2 and 0

59. Consider the following circuit usi.ng. an
ideal OPAMP. The 1-V characteristics
of the diode is described by the relation

14
I= Iu(e"’ - l)where Vr=25mV, [,=
1A and Vis the voltage across the

diode (taken as positive for forward
bias). D 4K

100K
0 v,

V'.=-1V

For an input voltage Vi=-1 V, the
output voltage Vo is
GATE -2008
@0V h) 01V
(©) 0.7V @1ayVv

ACE Academy
60. c
Y]
1
——— W
R
Vi
Vg —t— - v,
R| L ——0

The OPAMP circuit shown above
represents a GATE -2008
(a) high pass filter

(b) low pass filter

(c) band pass filter

(d) band reject filter

Y
—

. Two i1dentical NMOS transistors M1
and M2 are connected as shown below.
Viiss 1S chosen so that both transistors
are in saturation. The equivalent g,, of

.. ol
the pair is defined to be —2~ at
i
constant V.

out
-«

1
. Vout
2
i

o]
vﬂ%

M
M

The equivalent g, of the pair is
GATE - 2008 -

(a) the sum of individual gy’s of the
transistors

(b) the product of individual gn’s of
the transistors

(c) nearly equal to the g, of M1

(d) nearly equal to gn/g, of M2

63. The value of DC current Ig is

(a)—-180
Ae)-90

Revision and Practices - 13¢

62. Consider the Schmidt trigger circuit
shown below.

A triangular wave which goes form.
12 Vto 12 V is applied to the inverting
input of the OPAMP. Assume that the
"-output of the OPAMP swings from
+15V to 15 V. The voltage at the
non-inverting input switches between.
GATE-2008 - .
(@ -12Vand+12V
(b)-7.5and+7.5V
(©)-5Vand+5V
dO0VandSV
Statement for linked Answer Questions
63 and 64:
In the following transistor circuit, Vgg =
0.7V, re=25mV/Ig, and B and all the-
capacitances are very large.

VCC=9V

(a) | mA
() SmA

(b) 2mA
(d) 10 mA

64. The mid-band yoltage gain of the

amplifier is approximately.
) -120
(d)—60
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65. in the following astable multivibrator
circuit, which -properties of vlt)

depend on R;?  GATE - 2009
R,
—W
—eV O(t)
o Rs
R, Ry
<
(a) Only the frequency
(b) Only the amplitude
(c) both the amplitude and the
" frequency
(d) Neither the amplitude nor the
frequency

66. In the circuit shown below, the op-amp
is ideal, the transistor has Vgg = 0.6 V
and § = 150. Decide whether the
feedback in the circuit is positive or
negative and determine the voltage V
at the output of the op-amp.

GATE - 2009

v

5kQ

1.4 kQ)

(a) Positive feedback, V=10V
(b) Positive feedback, V=0V

(c) Negative feedback, V=5V
(d) Negative feedback, V=2V

67. A small signal source
vi(t) = A cos 20t + B sin 10° tis
applied to a transistor amplifier as
shown below. The transistor has
f = 150 and h; = 3 kQ. Which
expression best approximatés, vo(t)?
C 1y VGATE-2009

3kQ
100 kQ

i)

= 100 nf
“’0'% ‘\%1,
20k 900 O j\ 10 yF

(@) vo(t) ==1500(A cos 20t+B sin 10° t)
(b) va(t) = ~150(A cos 20t+B sin 10%)
(c) vo(t) =-1500 B sin 10%¢
(d) vo(t) =-150 Bsin 10° t
68. Which one of the following type of
negative feedback increases the input
resistance and decreases the output
resistance of an amplifier? IES 2009
(a) Current series feedback
(b) Voltage series feedback
(c) Current shunt feedback
(d) Voltage shunt feedback -

69. Consider a 565 PLL with Rr=10k Q
and Cr = 0.01 p F. What is the output

frequency of the Vo ? IES 2009. -
(a) 10 kHz (b) 5kHz
(c)2.5kHz (d) 1.25 kHz
KEY :
a 2¢ 3b 4b 5d 6.¢c
b 8¢ 9.b 10.b 1l.a 12¢

j.a 14.a 15.a 16.d 17.a 18¢
9.a 20c 2ld 22.b 23.c 24.d
5.d 26.a 27.a 28.d 29.b 30c
31c 322 33.d 34.¢ 35b 36.a
37.b 38.b 3%9.a 40.b 41.d 42.b
43.¢c 44.b 45.a 46.4 47.b 48.c
49.b 50.b 51.d 52.d 53.¢ 54a
55.¢ 56.d 57.a 58.¢ 59.b 60.b
6l.c 62.¢ 63.a 64.d 65. 66.
67. 68. 69.
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