LogicGates, Transistors & its Applications

1 Mark Questions

1.In a transistor, doping level in base is increased slightly. How will it affect

(i)collector current and

(i)base current? [Delhi 2011]
Ans.(i) Collector current decreases.
(i) Base current increases

2.Draw the logic circuit of a NAND gate and write its truth table.[Foreign 20113]

Ans.
Logic circuit of a NAND gate

1

Truth table
A B Y=AB
———
. 0 . 1 1
DL 1
1 1 0

(12x2=1)

3.Draw the logic circuit of AND gate and write its truth table.[Foreign 2011]

Ans.
Logic circuit of a AND gate

1 —

Truth table
A B Y=AB
e - e
0 1 0
1 0 0
1 1 1

4.Draw the logic circuit of NOT gate and write its truth table.[Foreign 2011]

Ans.
Logic circuit of a NOT gate

Truth table

A Y=A
) 0 1
1 0

5. Write the truth table for the following
circuit. Name the equivalent gate that
this circuit represents.

A
i >0—| So—o0 Y
B [Foreign 2010]

Ans.
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The given combination consists of NOR gate
and NOT gate, so equivalent gate is OR gate.

Truth table
A B Y=A+B
S
0 1 1
- o !
R 1

(1/12x2=1)
From the truth table, it is clear that the output
is 1 only when at least one of the inputs is at
the high state i.e. 1

6. The truth table of a logic gate has
the form given here. Name this
gate and draw its symbol.

A .8 Y
o0 1
1 0 o
1 1 0
[All India 2010C]
Ans.
Logic gate is NOR gate.
Symbol

) >

7. The truth table of a logic gate has
the form given here. Name this
gate and draw its symbol.

A B Y
o L
1 1 0
T [All india 2010C]

Ans.

Logic circuit of a NAND gate

1

Truth table
A B VY=AB
————
. 0 . 1 1
DL 1
1 1 0

(12x2=1)

8.Give the logic symbol of NOR gate.[All India 2009]
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Ans.
Logic gate is NOR gate.

Symbol

9.Give the logic symbol of NAND gate. [All India 2009]
Ans.

Logic circuit of a NAND gate .

1

Truth table
A B Y=AB
I
o1 1
L 1
1 1 0

(12x2=1)

10.Give the logic symbol of AND gate.[All India 2009]
Ans.
Logic circuit of a AND gate

1

Truth table
A B Y=AB
— 0
0 1 0
1 0 0
1 1 1

11.Define current amplification factor in common-emitter mode of transistor. [Delhi 2009 C,
All India 2010 C]

Ans.
Current amplification factor in common
, Al
emitter mode, Bac =| —=
Alg

Ve = constant {1}

2 Marks Questions

12.Draw a circuit diagram of n-p-n transistor amplifier in CE configuration. Under what
condition does the transistor act as an amplifier? [All India 2014]
Ans.Circuit diagram of n-p-n transistor amplifier in CE configuration is given below
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The condition for the amplifier to work is that the base-emitter junction should be forward
biased and collector-base junction should be reversed biased
13. Write the truth table for the

combination of the gates shown.
Name the gates used. [Allindia 2014]

aDEEDs
*— S

Ans. B
A B Y=A+B Y=A-(A+B)
0 0 0 0
o L ; :

14. Identify the logic gates marked P
and Q) in the given circuit. Write the
truth table for the combination.

A ]
Be P X

[Delhi 2014]

Ans.
The logic gates are Pis NAND gate and Q is OR gate.
The truth table is given as shown in below:

A B AB AB X=B+AB

) 0 1 1
- - -
R - =
e e 1

15.The outputs of two NOT gates are fed to a NOR gate. Draw the logic circuit of the
combination of gates. Give its truth table. Identify the gate represented by this combination.
[Delhi 2014 C]

Ans.

Get More Learning Materials Here : & m @) www.studentbro.in



A A
- Y
B 2]

16.The input wave forms A and B and the output waveform Y of a gate are shown below.

Name the gate it represents, write its truth table and draw the logic symbol of this gate.

represents, write its truth table and
draw the logic symbol of this gate.

A E ' P
i s A N
B : ) ] 1 ) ) .. :
i i
: 1 1 1 ) 1 ) :
I 1 L) ) L) ) ) i
i i i i i i i :
| C P
i i i i i i i )
! ! ! ! ! ! ! !
t=0 1 2 3 4 5 6 7
[All India 2014C)
Ans.
Logic circuit of a NAND gate .
Truth table
A B Y=AB
—
o1 1
BT '
1 1 0
(12x2=1)

17. Identify the equivalent gate represented by the circuit shown in the figure. Draw its logic

symbol and write the truth table.

Sl

—

D

and lugic symbol is

A
:__—D—OY = A+B
B

18.In the given circuit diagram, a voltmeter V is connected across a lamp L. How would

(i)the brightness of the lamp and

[Foreign 2014]

(ii)voltmeter reading V be affected if the value of resistance R is decreased? Justify your

answer.
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ik

I

Ans.

The given figure in question s
common-emitter (CF) configuration of an
n-p-ntransistor. The input circuit is forward
biased and collector circuit is reverse
biased. (1)

As, the base resistance R decreases, the
input circuit will become more forward
biased thus, decreasing the base current
(I} and increasing the emitter current (Ig).
This will increase the collector current (i)
asl =1l + /1.

When |- increases which flows through
the lamp, the voltage across the bulb will
also increase thus making the lamp
brighter and as the voltmeter is connected
in parallel with the lamp, the reading in
the voltmeter will also increases. (1)

19.Draw a typical output characteristics of an n-p-n transistor in CE Show how these
characteristics can be used to determine output resistance?[All India 2013]
Ans.

Qutput characteristics is the plot between
collector-emitter voltage (Vgg) and the
collector current () at different constant
values of base current (I5).

< 10 é 2 current (Ig) l

c 60 pA
- 8

= 50 pA
=

o 6 V 40 pA
5t e 30 pA
: - 2o
3 10 pA
o 2

0 2 4 6 & 10 12 14 16

Collector to emitter voltage (Vcg) in volts
(1
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Output resistance is defined as the ratio of
variation of collector-emitter voltage (A I-)
and corresponding change in collector
current (Al-) when base current remains
constant. Initially with the increase in V¢
the collecior current increases almost
linearly, this is because the junction is not
reverse biased. When the supply is more

than required to reverse bias, the
base-collector junction, i increases very
little with V.

The reciprocal of slope of the !inear part of
the curve gives the value of output

. . \
resistance, i.e.r, = Vg lg
Al

(1)

20. In the circuit shown in the figure,
identify the equivalent gate of the
circuit and make its truth table.

A'—-—D‘O—A

g «— >—8 [All India 2013]

Ans.
BRSNS
Y v

B B
A'=A B =B
Y'=A'B’
Y=Y'=A"+B = = AB=AB {1,
The equivalent gate of the given circuit is
AND gate.
Truth table

A B A B’ Y .Y )
11 R R

1 0o o 1 1 o0

0 T 1 0 1 Cl.

0 0 1 1 ] 1 0
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21. In the circuit shown in the figure,
identify the equivalent gate of the
circuit and make its truth table.

Y
A .___DO_T,_
i Y
B —>0—
Y2 [All India 2013}

Ans.

Y,=AandY, =B
Y=Y, +Y,=Y1.V2=AB=AB

The equivalent gate of the given circuit is

AND gate. (1)
Truth table

A B Y, Y, Y
ey w

1 0 0 10

0 11 0 lG

e : o

PO

22. In the circuit shown in the figure,
identify the equivalent gate of the
circuit and make its truth table.

A
B.—[DB—}’

[All india 2013]

Ans.

Y=A’_-B;=:+E=A+B

=D —
"B

Truth table
, . Y=AB
A B A=AA B=BB 70
T o
0 1 1 0 1
10 0 1 1
11 0 0 1

Thus, the equivalent gate is OR gate. (1)

23.Describe briefly with the help of a circuit diagram, how the flow of current carriers in a p-n-
p transistor is regulated with emitter-base junction in forward biased and base-collector
junction in reverse biased. [All India 2012]

Ans.
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Emitter-base Collector-base

junction \ / junction
2 n P
s

Oo— O

Ot s Om——e

o
G ——e o—

Forward ; Reverse Ic
biasing B biasing

+ [ j 1

! Rk

Ve Ves

Heavily doped emitter is subjected to electric field by emitter-base battery and consequently,
holes gets drifted towards collector through thin and lightly doped base region. Nearly 5%
hole, which drifted from emitter combined with electron in base region and remaining nearly
95% hole reaches to collector under the influence V¢e.

24.Distinguish between analog signal and digital signal. [All India 2012]
Ans A signal in which current or voltage changes continuously with the time is called analog
signals. A signal in which current or voltage can take only two discrete values is called a digital

signal.
Time period {1x2=2)
P P~ ™ ;
Eorl :
+Eo : Time —=
(0] : l \
N \/
Analog signal
Pulse duration
] 1 1 1
Eorl
" | puise Pulse Puise
rise Ztall amplitude
Y 0 0 0
Time—=
Digital signal

25.Draw the output waveform at X using the given inputs, A and B for the logic circuit shown
below. Also, identify the logic operation performed by this circuit

B

1 1 ]
I I 1
r ] ! T —
I | [] [} ]
] 1 [] 1 ]
I 1 i I ]
~ 1 T I ]
1 1 I | I ]
] 1 | ] | I ] I
1 | 1 I ]
1 1 T ] 1
1 1 ] 1 ]
] 1 ] i ]
[} 1 I 1 1
[ — ! | !
i [l I | ] 1
1 1 ] ] ] 1 1 ]
ottt gy gt ts 1 tg 1t '
[Delhi 2012; 2011]

Ans.Equivalent gate is OR gate. If input A or B or both are 1, then the output of OR gate is 1.
Boolean expression of OR gate is givenas A+ B = X
Logic symbol of OR gate and the output waveform as shown below
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26.In the given circuit, a voltmeter V is connected across lamp L What changes would you
observe in the lamp L and the voltmeter V if the value of resistor R is reduced?

[Delhi 2011C]

Ans.Lamp glows brighter and voltmeter reading increases with the decrease of R. Input
current increase which in turn by transistor action lead to increase collector current. This
makes lamp brighter and hence, voltmeter reading goes up.

27.Draw the transfer characteristic curve of a base-biased transistor in CE Explain clearly
how the active region of the Vg versus Vi. curve, in a transistor is used as an amplifier? [Delhi
2011]

Ans.The transfer characteristic curve of base biased transistor in CE configuration as shown
below:

Cut-off
region

Active
region

Saturation
region
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- C F‘i'r-
Rg 5 / ;.‘) % -
AAAAAA F
\\L?}' | Q)lvu
Eite -
Vi Q) Fves 0
.
= {1)

As, V. increases slightly above 0.6 V, a current
i flows in the output circuit and the fransistor
arrives in active state.

Vo =Vee = IR,
with the growth of |-, i} decrease linearly.

Ay =— =0 FoAY 5 AV)

There is voltage gain and hence ainjlification
of voltage takes place. Thus, transistor used as
an amplifier. {0

28.Draw the output waveform at X using the given inputs, A and B for the logic circuit shown

below. Also, identify the logic operation performed by this circuit.[Delhi 2011; 2008]

A
X
B aa—
’ 1 i i 1 1 1
i 1 1 i | 1 1
I T ] [
A A
Al . ! | i
i 1 ] 1 i 1 i
i 1 ] i i 1 i
i i | i 1
¥ 1 T 1 fr—
i i i i
i1 i i
B! 1 ] | I i I
I
t b ty ty 5 g 7

Ans.
Logic circuit of a AND gate

1

Truth table
A B Y = AB
—— o
0 1 0
I 0 0
1 1 1
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!1i to f13 fs 13 Iy 51?' Ig
] ] 1 I k
i | p—p—y

TR | i N

I ] ] I I

A | I ]
{Inputs) S L N R S
LT
B T

| 1 I 1 1 i ! !

P [ S

) ] ] ] ] 1

P I R S
(Ou)l(put}-' e e

Logic operation of the graphic circuit
X=A-B=AB

29.Write the truth table for the logic circuit shown below and identify the logic operation
performed by this Circuit. [Delhi 2011]

—D

D=

s— | »—

Ans.

The truth table of given system is as follows:

- (112)
A B C=AA D=AB Y=CD
0_ 0_ = : e
1 1 0 0

10 0 1 1
L 0 L
. (1v2)
The correct performs the logic operation of

OR gate.

30.Identify the logic gates X and Y in the figure. Write down the truth table of output Z for all
possible inputs A and [All India 2011 ¢]

A e
X z
Be—

Ans.
X : AND gate
Y : NOT gate
Z:Y=A'B
A B [
o o 1
0 1
L o 1
1 1 0
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31. (i) For the digital circuit given
below, write the truth table
showing outputs Y, and Y, for all
possible inputs of A and B.

B
(i) Show output waveform for all possible inputs of A and B.[All India 2011 C]
Ans.

(i) As,Y,=A+B,Y,=A+B

0 .9 0.l
0 1 1 V]
1 0 1 i U _
1 1 1 0
(if) th 1z ts ty 15 g 17
! i i i | 1 i
A— | | P
i ! 1 i
i 1 i i
(Inputs) : ! i i 4
1 I ] I 1 I I
1 I ] :
B
1 1 1
i i | i i i i
i i ] i i i i
i i i 1 i i i
i i i ! ' i i
i i i
i i |
] 1 i
H : ;
Y2 I I [ ] I i i
©Outpuy + + 1 1 11

32. (i) Identify the logic gates marked P
and Q in the given logic circuit.
(ii) Write down the output at X for the
inputs,
A=0,B=0and A=1,B=1.
[All India 2010]
A o—ol

Bo— X

Ans.
(i) P:NAND gate
Q : OR gate
(il X=AB+B (1/2x2=1)
ForA=0,8=0,X=00+0=1+0=1
ForA=1B=1X=11+1=0+1=1h.
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33. (i) Identify the logic gates marked P
and Q in the given logic circuit.

Ao—{P>0 b »

(ii) Write down the output at X for the

inputs A=0,B=0 and
A=1B=1, [All India 2010]
Ans.
(i) P:NOT gate and Q : OR gate
(i) X =(A + B) (12x2=1)

ForA=B=0,X=0+0=1+0=1
ForA=1B=1X=1+1=0+1=1 1)

34. Define the following terms.
(i) Input resistance r;.

(if) Current amplification factorp of a
transistor wused in its CE
configuration. [All India 2010C]

Ans.

() The input resistance, r; of transistor in CE
configuration is defined as the ratio of
small change in base-emitter voltage to
the corresponding small change in the
base current, when the collector emitter
voltage is kept constant, i.e.

X

Alg

(i) The current amplification factor of a
transistor in CE configuration is equal to
the ratio of the small change in the
collector current (Al-) to the small

change in base current when
collector-emitter voltage is kept constant,

i.e.
_[ Al
g _[ms]

Ve - constant (1)

VCE = constant |:1}

Get More Learning Materials Here : & m @) www.studentbro.in



35. The following figure shows the input
' waveforms A, B and the output
waveform Y of a gate. Identify the
gate, write its truth table and draw

its logic symbol. [Delhi 2009]
I ] ] 1 1 1 L] !
A i P
| 1 1 1 1
] I ] ] ]
I ] o e
I 1 I ] ] '
I 1 1 1 1 1 ¥
| 1 [ ] 1 1 I|
B I I
i |
| 1
I I
[} 1 ] I 1 1 ] ]
I ] ] ] 1 1 1 I
! i ] 1 I
i . P
b T
0 1 2 3 4 5 6 7

Ans.

Gate From the given output waveform, it
is clear that output is zero only when both
inputs are 1, so the gate is NAND gate.(1/2)
Truth table

A | B Y
0 0 w 1
0 1 ] _' 1
] 0. 1.1
1 110
Logic symbol @
Ao—
sa—w}y
Y=A+B (1/2)

36.The output of a 2-input AND gate is fed to a NOT gate. Give the name of the combination

and its logic symbol. Write down its truth table.[Foreign 2008, Delhi 2009]
Ans.

When output of a two inputs AND gate is
fed to a NOT gate, then the combination is
called NAND gate

Logic symbol

1
Y
8 — (1)
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Gate From the given output waveform, it
is clear that output is zero only when both
inputs are 1, so the gate is NAND gate.(1/2)

Truth table
A | B Y
0 0 1
o L
1 o 1
o L0

Logic symbol
Ao——
[
Bo—

Y=A+B

(1)

(1/2)

37. (i) Sketch the output waveform from
an AND gate for the inputs, Aand

Bshown in the figure.

I
]
]
!
1
i

A—
|

B ——

|

|
I I
I |
]
] ]
I ¥
i ]

I
1 ]
1 i
| i

] |
] ]
1 ]

|
I
|
0 1 2 3 4

1 1 I 1

] 1 | ] i
i . i
1 | 1
I | ]
I I ]
L I bcmened
1 1 i 1 I
1 | I 1 ]
i | I 1 I
1 | ] 1 ]
I ] i

I i ]

] 1 ]

] 1 1

1

1 1 ] i

1 | ] |

i i i I

5 6 7T 8

(ii} If the output of the above AND
gate is fed to a NOT gale, name
the gate of the combination, so

formed.

Ans.

[Delhi 2009]

(i) Output of AND gate is Y=A-B. In this
case, output will be 1 only when both

inputs are 1.

1 | ] | I 1 l} L

] 1 1 |

[ 1 I |

1 i I |

e : : :
iRl

(nputs) 4} - I
L : : |
got—t— | —— |

1 I ] | ] 1 I |

| AN

P | 11

Lo Lo

S e S S R N
ODYg 1 2 3 4 5 6 7
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38. Draw the logic symbol of the gate
whose truth table is given as below:

Inputs Output
A B Y
T S -
e L o
1 0 0
1 1 0

If this, logic gate is connected to NOT gate, what will be the output when
(i)A=0,B=0and
([)A=1B=1?
Draw the logic symbol of the Combination.[Foreign 2009]
Ans.
NOR gate
Symbol

)
Y
B (1)

On connecting the given gate with NOT
gate, the output
Y=A+B=A+8B
(N A=0,B=0=Y=A+B=0+0=0
(i If A=1,B=1
Y=1+1=1. (1)

39.A logic gate is obtained by applying output of OR gate to a NOT gate.Name the gate so
formed. Write the symbol and truth table of this gate.[Foreign 2009]
Ans.

Logic gate

) >
Y
B
Equivalent so formed gate is NOR gate.
Symbol

A:D)—
Yy
B

(1)
Truth table Y=A+8B
A Z B E Y:Z-E
o 1 0 1 1T
o 1 1 0 0
T B :
1 0 1 0 0

40.A logic gate is obtained by applying output of AND gate to a NOT gate. Name the gate so
formed. Write the symbol and truth table of this gate.[Foreign 2009]
Ans.

Get More Learning Materials Here : & m @) www.studentbro.in



Gate From the given output waveform, it
is clear that output is zero only when both
inputs are 1, so the gate is NAND gate.(1/2)

Truth table
A | B | Y
0 o
L o i 1
L B
1
Logic symbol M
|
¥
Bo—
Y=A+B (1/2)

41.The two circuits shown here are a combination

Z.—r_j }Y
—) A

BDa
) >z
8-—|:j:>0£-

(i)Three NAND gates.
(ii)Three NOR gates.
Write truth tables for each of these combinations. [Delhi 2009 c]
Ans.
() _
— — Y:E-i—g
A A B B
=A+B
0 10 | 0
0o 11 0 | 1
10 0 1 1
110 1 |0 1
i _
(1)
(if) i ] T —
I = | i - |¥Y=A+B
A | B |
L =as
o! 110/ 1] 0
ARAREEA N
1jojo 1 0
1ol 10 1

42.The given inputs A, B are fed to a 2-input NAND gate. Draw the output waveform of the
gate.
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-

e

] I
: '
Ay .
(nputy || L
| 1 1 1 I 1
B I 1 1 ] ] ]
(Input)
| ] ] ] 1
[
ty t2 t3 ts fs tg [Delhi2008]
Ans.

Output of NAND gate is Y =A-B, the
output will be 1 only when both inputs are

Zero.
1 1 1
A= ol o0 0o
1 1 1 1
B— o 0 0
Y--—--— +
{Output)

(2)

43.In the output of a 2-input NOR gate is fed as both inputs, A and B to another NOR gate,
write down a truth table to find the final output, for all combinations of A, B.[Delhi 2008]
Ans.

Equivalent gate is OR gate.

Truth table

A B Y=A+B
0 o 0
oy B
o F o
1 1 1

44 Write the truth table and draw the logic symbol of the gate for the circuit given as below:
[Foreign 2008]

A

i )‘)—l SO——aY
B
Ans.

Equivalent gate is OR gate.
Symbol

I
Y
B

Truth table . .

A B Y=A+B
0 I
0 1 1
1 0 1

1

45. Write the truth table and draw the logic symbol of the gate for the circuit given as below:
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[Foreign 2008]

) >0

Ans.
. Equivalent gate is AND gate

Symbol
A e - “:;\
Y
B
AND gate
Truth table
A B Y=A
i oo
0 1 0
1 0 0
L R

3 Marks Questions

46.0utput characteristics of an n-p-n transistor in CE configuration is -shown in the figure.

Determine

(1) dynamic output resistance
(ii) DC current gain and

(iii) AC current gain at an operating point
Veg =10 V, when Iy = 30 pA. [Delhi 2013]

Ans.

(il Dynamic output resistance is given as

- (M) o2
Al )y - congam (3:6— 3.4)x 107
-4 __20ka
0.2x 167 (1)

(iiy DC current gain,

- 35mA 35x107
Boc =" =

I, 3CuA 30 x10°°

=359 11667
3

(1)
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(iiiy AC current gain,

By = S A7
PCT AL (40 -30)pA

5 w10
_1.2x1007 o)

_-T_t')-xi()_6

47 You are given a circuit below. Write its truth table. Hence, identify the logic operation
carried out by this circuit. Draw the logic symbol of the gate which Corresponds to [All India

2011]
>

- -

—) >

._|>o__

Ans.

Truth table of given circuit is as shown below:

A B X=A Y=B Z=X+Y
i e e
10 0 1 0
0 1 1 ] 0
_ i ) | 0 AU 1

This circuit carries out by the logic
operation of AND gate which can also be
verified by De-Morgan’s theorem

Z-X+Y=A+B=A+B=A-B

So, the circuit corresponds to AND gate.
(2)

Symbol
A
Bt
B— (1)

48.You are given a circuit below. Write its truth table. Hence, identify the logic operation
carried out by this circuit. Draw the logic symbol of the gate which corresponds to[All India
2011]

~|:Do~_
— ) >—

Z=A+tB=A-B=AB
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Truth table of given circuit is as shown below:

A B X=A Y=B Z=X+Y
- R
10 o 1 0
0 1 1 o 0
. i ) 1 0 0 1

This circuit carries out by the logic
operation of AND gate which can also be
verified by De-Morgan’s theorem

Z=X+Y=A+B=A+B=A-B

So, the circuit corresponds to AND gate.
(2)

Symbol
A_'
B
B— (1)

49.Draw transfer characteristics of a common-emitter n-p-n Point out the region in which the
transistor operates as an amplifier.

Define the following terms used in transistor amplifiers:
(i)Input resistance

(ii)Output resistance

(iii)Current amplification factor.[Foreign 2011]

Ans.

Irand [g, useful for
amplifier application

Cut-off Active
region  region
Vo——— —
Saturation
region

() The input resistance, r; of transistor in CE
configuration is defined as the ratio of
small change in base-emitter voltage to
the corresponding small change in the
base current, when the collector emitter
voltage is kept constant, i.e.

X
Alg

(i) Output resistance The ratio of

variation of collector emitter voltage

» (Veg) and corresponding change in

collector current (Al-) when base

current remains constant is called
output characteristic curve,

' AV,
Rout = [ \ ICE]
C /g = constant

Ve = constant (1)
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(i) The current amplification factor of a
transistor in CE configuration is equal to
the ratio of the small change in the
collector current (Al-) to the small
change in base current when
collector-emitter voltage is kept constant,

i.e.
_| Al
b _[NB)

VECE - constant (1}

50.Draw the general shape of the transfer characteristics of a transistor in its CE Which
regions of this characteristic of a transistor are used when it works as an amplifier?[All India

2010 C]
Ans.

I-and [g, useful for
amplifier application

Cut-off Active
region . region
Vofl— 1 ——
Saturation
region

() The input resistance, r; of transistor in CE
configuration is defined as the ratio of
small change in base-emitter voltage to
the corresponding small change in the
base current, when the collector emitter
voltage is kept constant, i.e.

."J' = é.-l":’g..g.-
Al

(i) Output resistance The ratio of
variation of collector emitter voltage

» (V) and corresponding change in
collector current (Al-) when base
current remains constant is called
output characteristic curve.

- (aAV,
Rout =[ AICE]
C /g = constant

(i) The current amplification factor of a
transistor in CE configuration is equal to
the ratio of the small change in the
collector current (Al-) to the small
change in base current when
collector-emitter voltage is kept constant,

i.e.
_| Al
b _[NB)

VCE = constant (1)

VECE - constant (1}

51.Give the circuit diagram of a common-emitter amplifier using an n-p-n transistor. Draw the
input and output wave forms of the signal. Write the expression for its voltage gain. [HOTS,
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All India 2010]

Ans.

H

{;P Whenever CE circuit is used ..a_s_é;”éfﬁpfif ier the

output should be 180° out of phase with the |
input. The output will also be amplified that is
amplitude of output will be more than that of |
input. i

Circuit diagram of a common-emitter amplfier

(1/2)

Q e  —L

Voltage gain It is equal to the ratio of small
change in output voltage at the collector to that
of change in input voltage, i.e.

_ Output voltage

A
Input voltage
= &VCE — (AR, - ﬁAC x Rout (ll]
AVegg  Alg R, "~ R ?

Rout
B.

in

= Voltage gain =, x

where, B, is AC current gain.

52.The inputs A and B shown here are used as the inputs for three different gates G, G, and
G3. The outputs obtained in the three cases have the forms shown. Identify the three gates

and write their truth tables. [All India 2009 c]
I e I
I
A : !
i i "”I I .'““T—-"j_!_..:

Ans.
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For G,
Gate : NAND gate

12x2=1)

Truth table
A B G, =AB
0 o L
. L
L. .
1 1 0
For G,
Gate : NOR gate
Truth table
A B Gz =A+B
o 0 T R
.90 ! 0
_ 1 0 0
1 1 0
For G,
Gate : AND gate
Truth table
A B Gy=AB
0 W9 9.
0 e 0.
L. 0
1 1 1

53.The inputs A and B shown here are used as the inputs for’ three different gates G 4, G, and
G3 one by one. The outputs obtained in the three cases have the forms shown. Identify the
three gates and write their symbols. [All India 2009 C]

——— ! ! ! '
1 | | 1
1 1 i I I |
' 1 i 1 I i
] 1 ] 1 I |
L I e i L i
] 1 1 1 i [ [ 1 i
i r i i ] [ 1 1 1
i ¥ ¥ I 1 1 [l 1 1
I i
1 I I i | 1
1 I I I | 1
1 I I i | 1
i I | 2 i 1
——— ==y o e s P
| I I | 1 ] [l [l
] | I | | | i [
| | | | 1 1
i | 1 1 I ]
1 | I I i )
1 | 1 | i ]
i I I i 1 ]
1 1 i ! | ] 1 1
[ 1 i 1 ! 1 1 1
i 1 [ 1 | ] 1
] i [ 1 1 1
i ] [ 1 i 1
I ] 1 1 i '
I ] 1 ] [ !
|- ! Il 1 1 — |
f T T T T T
| I i I [ [ 1 1
| I I I [ I 1 i
L L L H H L
i | ] | T ] ]
| 1 1 1 i 1 i
1 | 1 1 i ' 1
| 1 | 1 1 1 1
L L T TR ST Sp—— o o P—— - A —)
| 1 1 ' ' 1 I [ 1
1 1 1 1 1 | i i '
Ans.
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(i) G;: AND gate (ii) G, : NOR gate

(iti) G; : OR gate. (1/2x3 =114)
Truth table
A B G, G, G,
"0 0o 0o 1 o
0 1 0 0 1
R
e
(142)

54.Draw the labelled circuit diagram of a common-emitter transistor amplifier. Explain
clearly, how the input and output signals are in opposite phase?[All India 2009]

Ans.

_.5_»?)Héﬁ”éﬁéé'EEEFEJ&'EL“E&&' as an alfpfifier the

| ¥ output should be 180° out of phase with the
input. The output will also be amplified that is |
amplitude of output will be more than that of |

input. |
Circuit diagram of a common-emitter amplfier
(1/2)
!
R
!
13 |

Voltage gain It is equal to the ratio of small
change in output voltage at the collector to that
of change in input voltage, i.e.

_ Output voltage

Input voltage
= &VCE — (AR, - ﬁAC x Rout (ll]
AVeg AR, - R 2

Rout
B

where, B, is AC current gain.

= Voltage gain =, x

in
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Relationship between input and output
signals of n-p-n transistor amplifier.
When positive half cycle is fed into
input circuit, forward bias of emitter
base circuit decreases. This lead to
decrease |, and by transistor action,
collector current decreases.

Since, output voltage, V, =V ~ I R,
therefore, decrease in collector current,
increases the output voltage. As, the
collector is connected with the
negative terminal of battery Vi, the
increase in collector voltage imply that
negatively of collector increases.

Thus, corresponding to positive half cycle of input AC, a negative amplified cycle is obtained at
collector and vice-versa. This shows that output and input signals are in opposite phase

55.The inputs A and B are inverted by using two NOT gates and their outputs are fed to the
NOR gate as shown below:

Analyse the action of the gates (1) and (2) and identify the logic gate of the complete circuit
so obtained. Give its symbol and the truth table.[All India 2009]

— ) >

Ans.

The gates 1 and 2 are NOR gates acting as

NOT gate.

For 1 and 2,
WhenA:D,A:O,Y=0+O=5=1
Similarly, B=0,8=0,Y=0+0=0=1 (1)

0
Logic gate of complete circuit AND gate

Logic circuit of a AND gate

1

Truth table
A B Y=AB
ST S
0 1 0
1 0 0
1 1 1

56.1dentify the gate equivalent to the dotted box shown here and give its symbol and truth
table The input A shown here is used with another unknown input B in this set up. If the
output Y has the form shown, give the intervals over which the input B is in its high state.
[Delhi 2008 C]

Get More Learning Materials Here : & m @) www.studentbro.in



o]

Ans.
" Y=A+B=A-B

The gate equivalent to dotted box is AND
gate, (1)

Logic circuit of a AND gate

1 =

Truth table
A B Y=AB
— o
0 1 0
1 0 0
1 1 1

B is in high state in the interval 3to 4,4 to 5and 7 to 8.

5 Marks Questions

57.(i) Differentiate between three segments of a transistor on the basis of their size and level
of doping.

(ii)How is a transistor biased to be in active state?

(iii)With the help of necessary circuit diagram, describe briefly, how n-p-n transistor in CE
configuration amplifies a small sinusoidal input voltage. Write the expression for the AC
current gain. [Delhi 2014]

Ans. (i) The base region of the transistor is physically located between the emitter and the
collector region and is made from lightly doped high resistivity material. The emitter and
collector regions are heavily doped. But the doping level in emitter is slightly greater than that
of collector and the area of collector region is slightly more than that of emitter.

In term of doping level,

Emitter region > collector region > base region

In term of area of the region,

Collector region > emitter region > base region.The area of the collector region is greater than
that of emitter. This is because the collector region has to handle more power than the emitter
and also it has to collect more number of charge carriers to constituent the current. Emitter is
heavily doped to provide large member of majority charge carriers, while base and collector
are lightly doped to accept these charge carriers from emitter.
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(i) The conditions of a transistor for to be in active state are below:

(a)The input circuit should be forward biased by using a low voltage battery.

(b)The output circuit should be reverse biased by using a high voltage battery.

(iii) CE configuration While finding gain for CE configuration we should mind that it will depend
upon the load resistance, input resistance as well as output will be inverted.

O Whenever CE circuit is used as an affplifier the
output should be 180° out of phase with the |
input. The output will also be amplified that is |
amplitude of output will be more than that of |
input. !

Circuit diagram of a common-emitter amplfier
(112)

O ——  ——L

Voltage gain It is equal to the ratio of small
change in output voltage at the collector to that
of change in input voltage, i.e.

_ Output voltage

A
Input voltage
= AVCE = (AlcIR =Bac X Rout [ll]
ﬁVEB 6‘3 Rin . Rin 2

= Voltage gain =f,¢ x ';0“'

in

where, B ,c is AC current gain.

Working In the circuit, emitter is forward biased and collector is reversed biased. This makes
input resistance (R;,) very low and output resistance (Rqt) high. During the positive half cycle
of input AC decrease the forward bias.

Hence, emitter current, /; and by transistor

action collector current decreases. This

tend to increase the collector voltage

which is given by

Vo =Veg = Ve = IR,

The high value of R produces large
- change in V, corresponding to low change

in V. Thus, amplified pulse is obtained at

collector. (1)

Voltage gain It is equal to the ratio of
change in  output voltage (Vi
corresponding to the change in input
voltage (AVyg), i.e.
Voltage gain A, = AVe B R
AVge (Al V.
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where, R, and R, are output resistances
(load resistance) and input resistance of

transistor respectively. {1)
Al- 1R R,
A, =1 —C | = L
‘ {MB] h Pac f

where, B .. is AC current gain = Al
Alsqp2)
The output voltage of CE amplifier differ in
phase from the input voltage by 180° or nt
rad. The opposite phase is regresented by

negative sign. (1)

Veltage gain = — B¢ R
v f (1/2)

58.(i)Explain briefly with the help of a circuit diagram, how an n-p-n transistor in CE
configuration is used to study input and output characteristics.

(i) Describe briefly the underlying principle of a transistor amplifier working as an oscillator.
Hence, use the necessary circuit diagram to explain how self sustained oscillations are
achieved in the oscillator.  [Delhi 2014 C]

Ans. (i) Common-emitter Transistor Characteristics

To study the characteristics of an n-p-n transistor in common-emitter mode, required circuit is
shown in the figure. Here, base-emitter circuit is forward biased with battery Vgg and emitter-
collector circuit is reverse biased with battery Vege.

From circuit diagram, we come across to know that it is made up of two sections, i.e. input
and output.

These two characteristics can be studied as shown below:

(a) Emitter or Input Characteristics

A graphical relation between the emitter voltage and the emitter current by keeping collector
voltage constant is called input characteristics of the transistor.

Adjust collector-emitter voltage at a suitable high value Vg (say = + 10 V). It is necessary so
as to make the base-collector junction reverse biased.

Now, with the help of rheostat gradually increases, the value of base-emitter voltage Vgg in
small steps and note the corresponding values of base current Ig.

Tl
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Input resistance It is defined as the ratio of
change in base-emitter voltage (AVy) to the
resulting change in the base current (Alg) at
constant collector-emitter voltage (V). Itis
reciprocal of slope of lg-Vg; curve.

AV

Input resistance, R; =
P r [ Alg

] Vg = constant

(b} Collector or Output Characteristics

A graphical relation between the collector
voltage and collector current by keeping
base current constant is called output
characteristics of the transistor. To study
output characteristics of transistor we keep
value of base current [ fixed (say at10 pA)
with the help of V. Now, gradually change
the value of Vo and note the values of
collector current |-.

Plot I - V¢ graph. Repeat the process for
different constant values of I;.

The output characteristics are as shown
below:

=T EEEE E

(i) Feedback When a portion of the output power is returned back to the input in phase this is
termed as positive feedback.

Feedback network The phenomenon of mutual inductance is used to take a part of output in
coil L' back into input coil L. When the switch K is closed, collector current begin to flow
through L', which in turn increases the magnetic flux linked with L" and hence with L This leads
to produce an induce emf in L, which increases the forward bias. This also increases the base
current and hence collector current along with the charging of capacitor takes place with upper
plate as positive. This phenomenon is repeated again and again till the collector current
reaches to its maximum value.
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At maximum value of I, current through L’ does not change and therefore flux remains
unchanged and emfin L’ and L reduces to zero. Now, the discharging of capacitor begins
through L. The positivity of upper plate decreases and forward bias decrease, which results in
the form of decrease in base current and hence, decrease in collector current. This
phenomenon repeats till collector current reduces to zero and emf in the coil L also reduces to
zero.

Thus, the time duration in which collector current grows from zero to maximum, the current in
coil L of tank circuit complete its half cycle. The duration in which collector current reduces
from maximum to zero, the current in L' completes its next half cycle

|

1

1

1 1
! 1
|

i i
I ]
[ I
I ]
: I
—
1]

l N
_____ \J_\T

—

The frequency of oscillation is given by

(U —
2n+/LC

Thus, the AC of desired frequency and amplitude can be obtained by taking appropriate
value  of inductance,capacitance and strength of battery B

59. (i) Draw the circuit diagram of an
n-p-n transistor with emitter-base
junction forward biased and
collector-base  junction reverse
biased. Describe briefly, how the
motion of charge carriers in the
transistor constitutes the emitter
current I, the base current I; and
the collector current I.. Hence,
deduce the relation, Iy =1z + I .

(ii) Explain with the help of a circuit
diagram, how a transistor works as
an amplifier? [All India 2014C]

Ans.(i) In this transistor, the emitter-base junction is forward biased and its resistance is very
low. So, the voltage of Vgg is quite small.

The collector-base junction is reverse biased. The resistance of this junction is very high. So,

the voltage of V. (Veg) is quite large (= 45 V). Electrons in emitter are repelled towards base

by negative potential of Vgg on emitter, resulting emitter current Ig. The base being thin and
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lightly doped has low density of holes, thus when electrons enter the base region, then only a
few holes get neutralised by electron hole combination, resulting in base current (I8). The
remaining electrons pass over to the collector, due to high positive potential of collector,
resulting in collector current (I) . As,” e electron reaches to collector, it gets neutialised by the
flow of one electron from the negative terminal of the battery V. to collector through
connecting wire. Then, one electron flow from negative terminal of battery V. to positive
terminal of battery Vgg and one electron flow from negative terminal of Vgg to emitter.
When the electron coming from emitter combines with the holes in base, then deficiency of
hole in the base is compensated by the breaking of covalent bond there. The electron, so
released flows to the positive terminal of battery Vgg, through connecting wire.
Thus, in n-p-n transistor, the current is carried inside as well as in external circuit by the
electrons

Thus, in this case also,

I =lg+1-  [Kirchhoff s first
law]

In the base, |, and |- flow in opposite
direction.

*— O i *~—
— :.——bl -—
— et
— —0 : -
-— | o -—
— e -—

it

-

(i) Common-emitter Transistor Characteristics

To study the characteristics of an n-p-n transistor in common-emitter mode, required circuit is
shown in the figure. Here, base-emitter circuit is forward biased with battery Vgg and emitter-
collector circuit is reverse biased with battery V.

From circuit diagram, we come across to know that it is made up of two sections, i.e. input
and output.

These two characteristics can be studied as shown below:

(a) Emitter or Input Characteristics

A graphical relation between the emitter voltage and the emitter current by keeping collector
voltage constant is called input characteristics of the transistor.

Adjust collector-emitter voltage at a suitable high value Vg (say = + 10 V). It is necessary so
as to make the base-collector junction reverse biased.

Now, with the help of rheostat gradually increases, the value of base-emitter voltage Vgg in
small steps and note the corresponding values of base current Ig.
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Input resistance It is defined as the ratio of
change in base-emitter voltage (AVg) to the
resulting change in the base current (Alg) at
constant collector-emitter voltage (V). Itis
reciprocal of slope of lg-Vg; curve.

AV

Input resistance, R; =
P r [ Alg

] Vg = constant

(b} Collector or Output Characteristics

A graphical relation between the collector
voltage and collector current by keeping
base current constant is called output
characteristics of the transistor. To study
output characteristics of transistor we keep
value of base current I fixed (say at 10 pA)
with the help of V.. Now, gradually change
the value of V., and note the values of
collector current [-.

Plot I - V¢ graph. Repeat the process for
different constant values of /5.

The output characteristics are as shown
below: .

T EEETE E

(c) Feedback When a portion of the output power is returned back to the input in phase this is
termed as positive feedback.

Feedback network The phenomenon of mutual inductance is used to take a part of output in
coil L' back into input coil L. When the switch K is closed, collector current begin to flow
throughL’, which in turn increases the magnetic flux linked with L" and hence with L This leads
to produce an induce emf in L, which increases the forward bias. This also increases the base
current and hence collector current along with the charging of capacitor takes place with upper
plate as positive. This phenomenon is repeated again and again till the collector current
reaches to its maximum value.
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At maximum value of I, current through L’ does not change and therefore flux remains

—%: ‘.

unchanged and emfin L’ and L reduces to zero. Now, the discharging of capacitor begins
through L. The positivity of upper plate decreases and forward bias decrease, which results in
the form of decrease in base current and hence, decrease in collector current. This
phenomenon repeats till collector current reduces to zero and emf in the coil L also reduces to
zero.

Thus, the time duration in which collector current grows from zero to maximum, the current in
coil L of tank circuit complete its half cycle. The duration in which collector current reduces
from maximum to zero, the current in L' completes its next half cycle

|

1

1

1 1
! 1
|

i i
I ]
[ I
I ]
: I
—
1]
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The frequency of oscillation is given by

(U —
2n+/LC

Thus, the AC of desired frequency and amplitude can be obtained by taking appropriate
value  of inductance,capacitance and strength of battery B

60.(i) Why is the base region of a transistor thin and lightly doped?

(i) Draw the circuit diagram for studying the characteristics of an n-p-n transistor in
common-emitter

configuration.Sketch the typical (a) input and (b) output characteristics in this configuration.
(iii)Describe briefly, how the output characteristics can be used to obtain the current gain in
the transistor? [Delhi 2013 C]

Ans.(i) In this transistor, the emitter-base junction is forward biased and its resistance is very
low. So, the voltage of Vgg is quite small.

The collector-base junction is reverse biased. The resistance of this junction is very high. So,
the voltage of V. (Veg) is quite large (= 45 V). Electrons in emitter are repelled towards base
by negative potential of Vgg on emitter, resulting emitter current Ig. The base being thin and
lightly doped has low density of holes, thus when electrons enter the base region, then only a
few holes get neutralised by electron hole combination, resulting in base current (I8). The
remaining electrons pass over to the collector, due to high positive potential of collector,
resulting in collector current (Ig) . As,” e electron reaches to collector, it gets neutialised by the
flow of one electron from the negative terminal of the battery V.. to collector through
connecting wire. Then, one electron flow from negative terminal of battery V. to positive
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terminal of battery Vgg and one electron flow from negative terminal of Vgg to emitter.
When the electron coming from emitter combines with the holes in base, then deficiency of
hole in the base is compensated by the breaking of covalent bond there. The electron, so
released flows to the positive terminal of battery Vgg, through connecting wire.
Thus, in n-p-n transistor, the current is carried inside as well as in external circuit by the
electrons

Thus, in this case also,

I =lg+1-  [Kirchhoff ‘s first
law]

In the base, |, and I- flow in opposite
direction.

*——r —+0 i *—
[r— o O
— et —
—— 0 |
L :.——rl —
— e -—

i

.

(i) Common-emitter Transistor Characteristics

To study the characteristics of an n-p-n transistor in common-emitter mode, required circuit is
shown in the figure. Here, base-emitter circuit is forward biased with battery Vge and emitter-
collector circuit is reverse biased with battery V.

From circuit diagram, we come across to know that it is made up of two sections, i.e. input
and output.

These two characteristics can be studied as shown below:

(a) Emitter or Input Characteristics

A graphical relation between the emitter voltage and the emitter current by keeping collector
voltage constant is called input characteristics of the transistor.

Adjust collector-emitter voltage at a suitable high value Vg (say = + 10 V). It is necessary so
as to make the base-collector junction reverse biased.

Now, with the help of rheostat gradually increases, the value of base-emitter voltage Vgg in
small steps and note the corresponding values of base current Ig.

Tl
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Input resistance It is defined as the ratio of
change in base-emitter voltage (AVy) to the
resulting change in the base current (Alg) at
constant collector-emitter voltage (V). Itis
reciprocal of slope of lg-Vg; curve.

AV

Input resistance, R ; =
Alg

] Vg = constant

(b} Collector or Output Characteristics

A graphical relation between the collector
voltage and collector current by keeping
base current constant is called output
characteristics of the transistor. To study
output characteristics of transistor we keep
value of base current [ fixed (say at10 pA)
with the help of V. Now, gradually change
the value of Vo and note the values of
collector current |-.

Plot I - V¢ graph. Repeat the process for
different constant values of Iy

The output characteristics are as shown
below:

=T EEEE E

(c) Feedback When a portion of the output power is returned back to the input in phase this is
termed as positive feedback.

Feedback network The phenomenon of mutual inductance is used to take a part of output in
coil L' back into input coil L. When the switch K is closed, collector current begin to flow
through L', which in turn increases the magnetic flux linked with L" and hence with L This leads
to produce an induce emf in L, which increases the forward bias. This also increases the base
current and hence collector current along with the charging of capacitor takes place with upper
plate as positive. This phenomenon is repeated again and again till the collector current
reaches to its maximum value.
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At maximum value of I, current through L’ does not change and therefore flux remains
unchanged and emfin L’ and L reduces to zero. Now, the discharging of capacitor begins
through L. The positivity of upper plate decreases and forward bias decrease, which results in
the form of decrease in base current and hence, decrease in collector current. This
phenomenon repeats till collector current reduces to zero and emf in the coil L also reduces to
zero.

Thus, the time duration in which collector current grows from zero to maximum, the current in
coil L of tank circuit complete its half cycle. The duration in which collector current reduces
from maximum to zero, the current in L' completes its next half cycle

|

1

1

1 1
! 1
|

i i
I ]
[ I
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: I
—
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The frequency of oscillation is given by

(U —
2n+/LC

Thus, the AC of desired frequency and amplitude can be obtained by taking appropriate
value  of inductance,capacitance and strength of battery B
(iii)Circuit is as shown below:

i
T 6:;) ®
dr
%F (1)
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Current amplification factor (B,) is the
ratio of change in collector current (Al-) to
the change is based current (Al;) at constant
collector voltage, i.e.

Al
Bac = Al |
B | V{_E = gonstant ﬂ'}

Output  characteristics  represent  the
variation of |- with V-, keeping I constant.

m

m

From above graph at V- =V, the value of
collector current increases with'the increase
in the base current, l5. Thus,

i
Ale [AC current gain}

L/CE = constant

(i) Transfer characteristics curve for a
base-biased transistor in CE configuration.

F

—

, (2)
Hence, low input give high output and high
input gives low output.
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61. Draw a simple circuit of a CE
transistor amplifier. Explain its
working. Show that the wvoltage
gain Ay, of the amplifier is given
by Ay =BacR, /1, where B, is
the current gain, R; is the load
resistance and r; is the input
resistance of the transistor. What
is the significance of the negative
sign in the expression for the
voltage gain. ~ [HOTS]

Ans.While finding gain for CE configuration we should mind that it will depend upon the load

resistance, input resistance as well as output will be inverted.

{;P Whenever CE circuit is used as an affplifier the

| ¥ output should be 180° out of phase with the
input. The output will also be amplified that is
amplitude of output will be more than that of |
input. |

Circuit diagram of a common-emitter amplfier
(1/2)

—— . ]
i
Q e —_— 0

Voltage gain It is equal to the ratio of small
change in output voltage at the collector to that

of change in input voltage, i.e.
A = Output voltage
Input voltage

= AVee _ (AR,

=Bac %

out (1_
AVgg Al R, - Ry

Rout
B in

where, B, is AC current gain.

= Voltage gain =, x

Working In the circuit, emitter is forward biased and collector is reversed biased. This makes

input resistance (Rj,) very low and output resistance (Rqyt) high. During the positive half cycle

of input AC decrease the forward bias.
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Hence, emitter current, I and by transistor

action collector current decreases. This

tend to increase the collector voltage

which is given by

Vo = Vee = Viee — IRy

The high value of R produces large
- change in V, corresponding to low change

in V. Thus, amplified pulse is obtained at

collector. (1)

Voltage gain It is equal to the ratio of
change in  output voltage (Vi)
corresponding to the change in input
voltage (AVgp), i.e.
Voltage gain A, = AV (Bl Ry
AVg (Al V,

where, R, and R; are output resistances
(load resistance) and input resistance of

transistor respectively. {1)
AR _a R
Ay =l —= = =Bac—
Alg ) 1 i

where, B¢ is AC current gain = Ale

Alg (1)2)
The output voltage of CE amplifier differ in
phase from the input voltage by 180° or &t
rad. The opposite phase is regresented by

negative sign. (1)

R

Voltage gain = — B, —+
L f (1/2)

62. (i) Draw the circuit for studying
the input and output
characteristics of a transistor in
CE configuration. Show how
from the output characteristics
the information about the
current amplification factor
(B o) can be obtained.

(ii) Draw a plot of the transfer

characteristics (V, versus V;) for

a base-biased transistor in CE
configuration.

[All India 2010; Foreign 2012}

Ans.Circuit is as shown below:
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(1)

Current amplification factor (B,c) is the
ratio of change in collector current (Al-) to
the change is based current (Alg) at canstant
collector voltage, i.e.

Al ~
Bac = —%

ﬂiﬂ IVf,E:u}mtdm [1}
Output  characteristics  represent  the
variation of [- with V-, keeping ly constant.

m

m

- Rt

From above graph at V- =V, the value of
collector current increases with'the increase
in the base current, I5. Thus,

Bac = Ale | [AC current gain]

Al

L/CE = constant

(i) Transfer characteristics curve for a
base-biased transistor in CE configuration.

F

—

_ (2)
Hence, low input give high output and high
input gives low output.
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63.(i)Using the necessary circuit diagram, draw the transfer characteristics of a base-biased
transistor in CE configuration. With the help of these characteristics, explain briefly how the

transistor can be used as an amplifier?

(ii) Why are NAND gate called universal gates? Identify the logical operations carried out by

the circuit given as below:
o | 11 >
Y
B e— -

Ans.(i)

I and g, useful for
amplifier application

Cut-off Active
region  region
Vof——
Saturation
region

(i) The input resistance, r; of transistor in CE
configuration is defined as the ratio of
small change in base-emitter voltage to
the corresponding small change in the
base current, when the collector emitter
voltage is kept constant, i.e.

;o [AVes
Alg

(i) Output resistance The ratio of
variation of collector emitter voltage

a (Vg) and corresponding change in
collector current (Al-) when base
current remains constant is called
output characteristic curve.

' AV,
Rou = [ \ ICE]
C g = constant

(i) The current amplification factor of a
transistor in CE configuration is equal to
the ratio of the small change in the
collector current (Al-) to the small
change in base current when
collector-emitter voltage is kept constant,

i.e.
_| Ak
g _[ms]

VCE - constant (1)

VEE - constant |:1}
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The active region of a transfer
characteristics curve can be used to
explain the transistor as an amplifier.
The resistance of output circuit is large
being in reverse bias and resistance of
input circuit is low being in forward bias.
When input voltage, Vg comes in active
region, I- flows in output and V, varies
significantly as
Vo = Ve = Ve ~ IcR

This change in output voltage is obtained
as amplified form. (1)

(i) NAND gates are termed as universal
gates because all three basic gates
namely AND, OR and NOT can be made
using NAND gate. (1)
The given circuit perform the logic
operations of AND gate as

Y=(A-B=AB (1)

64. (i) Draw the circuit diagram of a
base-biased n-p- n transistor in
CE configuration. Explain, how
this circuit is used to obtain
the transfer characteristic V, -V,
characteristic.

(if) The typical output
characteristics! - versus Vg of
an n-p- n transistor in CE
configuration is shown in the
figure. Czlculate

(a) the output resistance r, and

(b) the current amplification
factor . [Foreign 2010]

Ans.(i) For n-p-n transistor in CE configuration circuit diagram
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(1)

The transfer characteristic curve of base biased transistor in CE configuration as shown

below:

Cut-off i Active
region ! region

'
1
i
I

Saturation
region

(if} (a) The output resistance (r,)

- [AVCE]
'Ml- lg = constant
From the given graph, atl; =60 A,
V=2V, Vg =16V
Collector current changes from 8 mA
to 8.5 mA,

Al- =8.5-8=05mA=5x10"% A

Eﬁ{éi] =vﬂ44
Ale )i _goun 5% 10
,=28x10"Q

r, =28kQ (1)

(b) The current amplification factor,

Pac= [ﬁ

Alg ]VCE = constant
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“ T At Ve =2V, 1, =10 uA to 60 pA
Aly = (60 —10) =50 pA
I- changes from 1.5 mA to 8 mA
Al- =8 -1.5=6.5mA

* Al- 6.5%x107% A
= ﬁAC = [——L) = —

Alg Vee

6.5 x10° 2
3 e = - =1.3x10
IAC 50

= Pac=130 (1)

65.(i)Draw the circuit diagram used for studying the input and output characteristics of an n-
p-n transistor in the CE configuration. Show the typical shapes of these two characteristics.
(ii) How are the

(a)input resistance

(b)current amplification factor of the transistor determined from these characteristics?
[Delhi 2010 C]

Ans (i) Common-emitter Transistor Characteristics

To study the characteristics of an n-p-n transistor in common-emitter mode, required circuit is
shown in the figure. Here, base-emitter circuit is forward biased with battery Vge and emitter-
collector circuit is reverse biased with battery V..

o}

From circuit diagram, we come across to know that it is made up of two sections, i.e. input
and output.

These two characteristics can be studied as shown below:

(a) Emitter or Input Characteristics

A graphical relation between the emitter voltage and the emitter current by keeping collector
voltage constant is called input characteristics of the transistor.

Adjust collector-emitter voltage at a suitable high value Vg (say = + 10 V). It is necessary so
as to make the base-collector junction reverse biased.

Now, with the help of rheostat gradually increases, the value of base-emitter voltage Vgg in
small steps and note the corresponding values of base current Ig.

Tl
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Input resistance It is defined as the ratio of
change in base-emitter voltage (AVy) to the
resulting change in the base current (Alg) at
constant collector-emitter voltage (V). Itis
reciprocal of slope of lg-Vg; curve.

AV

Input resistance, R; =
P r [ Alg

] Vg = constant

(b} Collector or Output Characteristics

A graphical relation between the collector
voltage and collector current by keeping
base current constant is called output
characteristics of the transistor. To study
output characteristics of transistor we keep
value of base current [ fixed (say at10 pA)
with the help of V. Now, gradually change
the value of Vo and note the values of
collector current |-.

Plot I - V¢ graph. Repeat the process for
different constant values of I;.

The output characteristics are as shown
below:

=T EEEE E

(ii) Feedback When a portion of the output power is returned back to the input in phase this is
termed as positive feedback.

Feedback network The phenomenon of mutual inductance is used to take a part of output in
coil L' back into input coil L. When the switch K is closed, collector current begin to flow
through //, which in turn increases the magnetic flux linked with L' and hence with L This leads
to produce an induce emf in L, which increases the forward bias. This also increases the base
current and hence collector current along with the charging of capacitor takes place with upper
plate as positive. This phenomenon is repeated again and again till the collector current
reaches to its maximum value.
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At maximum value of I, current through L' does not change and therefore flux remains
unchanged and emfin L' and L reduces to zero. Now, the discharging of capacitor begins
through L. The positivity of upper plate decreases and forward bias decrease, which results in
the form of decrease in base current and hence, decrease in collector current. This
phenomenon repeats till collector current reduces to zero and emf in the coil L also reduces to
zero.

Thus, the time duration in which collector current grows from zero to maximum, the current in
coil L of tank circuit complete its half cycle. The duration in which collector current reduces
from maximum to zero, the current in L' completes its next half cycle

|

1

1

H !
! |
[

i 1
| i
[ I
I I
: I
—
i

l N
_____ /. \T

—

The frequency of oscillation is given by

(U —
2n+/LC

Thus, the AC of desired frequency and amplitude can be obtained by taking appropriate
value  of inductance,capacitance and strength of battery B.

(i)

() The input resistance, r; of transistor in CE
configuration is defined as the ratio of
small change in base-emitter voltage to
the corresponding small change in the
base current, when the collector emitter
voltage is kept constant, i.e.

AVeg

."J' = ——=

Alg
(i) The current amplification factor of a
transistor in CE configuration is equal to
the ratio of the small change in the
collector current (Al-) to the small

change in base current when
collector-emitter voltage is kept constant,

i.e.
- Al
g _(NBJ
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66.(i)Draw a circuit diagram to study the input and output characteristics of an n-p-n
transistor in its common- emitter configuration. Draw the typical input and output
characteristics.

(i) Explain with the help of a circuit diagram, the working of an n-p-n transistor as a common-
emitter amplifier. [Delhi 2009 C]

Ans.(i) Common-emitter Transistor Characteristics

To study the characteristics of an n-p-n transistor in common-emitter mode, required circuit is
shown in the figure. Here, base-emitter circuit is forward biased with battery Vgg and emitter-
collector circuit is reverse biased with battery Vec.

From circuit diagram, we come across to know that it is made up of two sections, i.e. input
and output.

These two characteristics can be studied as shown below:

(a) Emitter or Input Characteristics

A graphical relation between the emitter voltage and the emitter current by keeping collector
voltage constant is called input characteristics of the transistor.

Adjust collector-emitter voltage at a suitable high value Vg (say = + 10 V). It is necessary so
as to make the base-collector junction reverse biased.

Now, with the help of rheostat gradually increases, the value of base-emitter voltage Vgg in
small steps and note the corresponding values of base current Ig.

Tl

1 L 1 1

Input resistance It is defined as the ratio of
change in base-emitter voltage (AVg) to the
resulting change in the base current (Alg) at
constant collector-emitter voltage (V. Itis
reciprocal of slope of Ig-Vge curve.

AV

Input resistance, R; =
P r [ Alg

] Vg = constant
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(b) Collector or Output Characteristics

A graphical relation between the collector
voltage and collector current by keeping
base current constant is called output
characteristics of the transistor. To study
output characteristics of transistor we keep
value of base current [ fixed (say at10 pA)
with the help of Vzc.Now, gradually change
the value of V., and note the values of
collector current /.

Plot I - V¢ graph. Repeat the process for
different constant values of J;.

The output characteristics are as shown
below: .

T EEEE E

(i) Feedback When a portion of the output power is returned back to the input in phase this is
termed as positive feedback.

Feedback network The phenomenon of mutual inductance is used to take a part of output in
coil L' back into input coil L. When the switch K is closed, collector current begin to flow
through //, which in turn increases the magnetic flux linked with L' and hence with L This leads
to produce an induce emf in L, which increases the forward bias. This also increases the base
current and hence collector current along with the charging of capacitor takes place with upper
plate as positive. This phenomenon is repeated again and again till the collector current
reaches to its maximum value.

\ |
T—-—,*l'l'l——

At maximum value of I, current through L' does not change and therefore flux remains
unchanged and emfin L' and L reduces to zero. Now, the discharging of capacitor begins
through L. The positivity of upper plate decreases and forward bias decrease, which results in
the form of decrease in base current and hence, decrease in collector current. This

phenomenon repeats till collector current reduces to zero and emf in the coil L also reduces to
zero.
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Thus, the time duration in which collector current grows from zero to maximum, the current in
coil L of tank circuit complete its half cycle. The duration in which collector current reduces
from maximum to zero, the current in L' completes its next half cycle

|

The frequency of oscillation is given by
1

2n J'If

Thus, the AC of desired frequency and amplitude can be obtained by taking appropriate
value  of inductance,capacitance and strength of battery B.

(ii)

O Whenever CE circuit is used as an affplifier the
| ¥ output should be 180° out of phase with the
i input. The output will also be amplified that is .
amplitude of output will be more than that of |
input. i

Circuit diagram of a common-emitter amplfier
(1/2)

i)
O ——— —_—

Voltage gain It is equal to the ratio of small
change in output voltage at the collector to that
of change in input voltage, i.e.

A = QOutput voltage
Input voltage

= ‘ﬁ'vCE = (AlIR =Bac X Rout [l 1 ]
AV Alg R, C R

= Voltage gain =, x %

where, B 4 is AC current gain.

in
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Working of n-p-n transistor as CE
amplifier In  the circuit, output
resistance is very high whereas input
resistance is very low being reverse and
forward bias, respectively.

When current, [~ grows in output circuit,
potential difference across the collector
decreases significantly as per relation

Vo =Vee = Ve — IR

When input voltage is fed into input
circuit, Vgg changes, which in turn
change Iy and I;. By transistor action, I-
change and thus, output voltage changes
in amplified manner. (1)

67.Draw a circuit diagram of an n-p-n transistor with its emitter base junction forward biased
and base- collector junction reverse biased. Describe briefly its working.

Explain, how a transistor in active state exhibits a low resistance at its emitter-base junction
and high resistance at its base-collector junction?  [Foreign 2009]

Ans. n-p-n transistor in CB configuration

Since, the base is common in input and output circuits, therefore transistor is connected in CB
configuration.

I
g PN
° %

r L]

o

I 11

(2v2)

Working When input voltage, Vg is sufficient to make flow of emitter current, collector current
flows in output circuit. In this condition, the circuit is said to be in active state.

The small change in Vgg, produces sufficient change in emitter current and hence, in collector
current. The input circuit offers very small resistance as ample change in emitter current
occurs corresponding to small change in input voltage.

This lead to produce large change in output voltage inspite of smaller change in collector
current (Ig < lg). This shows that output circuit offer high resistance

68.Draw a labelled circuit diagram of a base-biased transistor in common-emitter
configuration. Plot the transfer characteristics of this base biased transistor indicating the
different regions of its operation.[Delhi 2009 c]

Ans.
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(i) (a} The output resistance (r,)

- [AVCE J
A}l- lg = constant

From the given graph, at [z = 60 uA,

VCE =2V, VCE=16V
Collector current changes from 8 mA
to 8.5 mA,

Al- =8.5-8=05mA=5x10"" A

. =(£xi._] _ 14 .
Ale )i goun 5% 10

r,=28x10"Q

r, =28kQ (1)

(b) The current amplification factor,
Al
Bac = [A—;:]
B /g = constant
T T AL Ve =2V, 1 =10 uA to 60 pA
Aly = (60 —10) =50 pA
I- changes from 1.5 mA to 8 mA
_ Al- =8 -1.5=6.5mA
T Bs[Bk] _E5x107A
AT Al 50 x107° A

Vg

6.5 x10° 5
Bac = —— =1.3x10
IAC 50

= Puc=130 (1)

69. (i) Draw the circuit arrangement
needed for studying the input and
oufput characieristics of an n-p-n
transistor in its common- emitter
configuration. Draw the typical
shape of these input and output
characteristics. Why is it, that it is
usually enough to determine only
one input characteristic?

(if) The small signal current gain B .
of a transistor can be taken as
nearly equal to its DC current
amplification factor ... Why?

Y2 Tndia 2008C)

Ans.(i)
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The active region of a transfer
characteristics curve can be used to
explain the transistor as an amplifier.
The resistance of output circuit is large
being in reverse bias and resistance of
input circuit is low being in forward bias.
When input voltage, Vg comes in active
region, I- flows in output and V, varies
significantly as
Vo = Ve = Ve ~ IcR

This change in output voltage is obtained
as amplified form. (1)

(i) NAND gates are termed as universal
gates because all three basic gates
namely AND, OR and NOT can be made
using NAND gate. (1)
The given circuit perform the logic
operations of AND gate as

Y=(A-Bl=A-B )

(i The AC current gain is equal to the ratio of
change of collector current to the
corresponding change in base current at
given collector emitter voltage, i.e.

Al
Bac= [E—‘,C’J
B Ve = constant
and PBpc= (':L)
B /Veg = constant (1)

Therefore, Bac is nearly equal to fpe. (1)

70.(i) The same input -a! is applied to both the (input) terminals of a given logic gate. If the
output is(a)same as the (common) input signal.

(b)inverted with respect to the (common) input signal.

Identify the logic gates involved in each case.

(i) Write the truth tables for each of the combinations shown below. Also identify the logic
operations performed by them. [All India 2008 C]

Ans.
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(i) (a) The logic gate involved may be OR or
AND gate as for,
A=B=0orA=8=1 (1/2)
Y =D or 1 is OR and AND gate

—)>o— —{ —

(ii) The logic gate involved, may be NOR
or NAND gates.

—0) >— —{{ —

(i) (a) The logic operation performed by
the combination of gates is of OR

gate
Y = H ‘B =A+B 1)
Truth table
A B Y=A+B
0 B 0 0
0 1 1
1 0 1
oy 1
' (1/2)

(b) The logic operation performed by
the combination of gates is of AND

gate o
Y=A+B=AB (112)
Truth table
A B Y
0 B 0 _ 0
O . - 1 ..D
1 0 0
1 1 1
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