CHAPTER

e  describe the working of a diode. :

®  describe the action of a light-emitting diode in passing current in one direction only
and emitting light.
compare analog and digital electronics.

explain that electronic devices are built from digital logic circuits (that can act as
switches that can convert incoming voltage into binary electrical pulses of high and
low (1 or 0). ;

e  explain that Boolean logic is the basis for conVcrting-analog data to digital data
(this includes knowing that 'bit' is the smallest unit of data in computing; either | or
0. Eight bits make up a byte),

® state in words and in truth table form, the action @%@@ ically of
AND, OR, NAND, NOR, and NOT @\‘

e identify the use of logi@ rposes (e.g: burglar alarm, fire

extinguisher etc.),
e  use circuit W@ ogic gates. '
e identify in given problems how Boolean switches can be put into combinations that

then allow them to achieve logical operations.

/ Long Questions [ prepured in the hghr of new Exuminchon Techniques
(Knowledge, Understanding, Application, Analytical & Conceptual)
A S S A ) D“
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Q1: What is electronics? Briefly explain.

Ans. Electronics is a branch of science that deals with the stud;z @ O@@Jﬂow
of electrons in devices and circuits. It blends m \TJ vith innovative
thinking, giving rise to advancements in E\uﬁ 1al ‘imtelligence. renewable
energy, and space exploration. "Rl h'iponents like resistors to sophisticated

microprocessors, each e es to the ever-evolving landscape of technology,
providing many p or mnovat:on and shaping the future.




19.1 Semiconductors @ -
02 What is seml-conductors? Dzsc s typ G i w rS also lell about

- working of semlcondu@ $ %
Ans. Semi conductors:

SemlconW\ lals whose electrical conductivity lies betwecn that of
conductors and lators T :

Uses: They are widely used in electronic devices bécause their conductivity can be
controlled. The most common semiconductors are silicon (Si) and germanium (Ge)
Dopping: Their conductivity can be mcreased by addmg a small amount of impurity, a
- process. known as doping.

Q.3: Explain the types of semiconductors.

Ans. Type of semi-conductors: A

There are two main types of doped semiconductors (N-type and P- type)
N-type semiconductor: In an N-type semiconductor, a small amount of a pentavalent
impurity such as phosphorus or arsenic is added to silicon (Fig.19.1-a). These elements
have five valence electrons; four form covalent bonds with S|I|con whi e fifth

remains free to move. These free electrons are the maj og > which

increase the conductivity of the semiconductps. j\(\ ke

Incomplete
covalent bond

Fig. 19.1: (a) N-type semiconductors (b) P-type semnconductors '
P- Type semiconductor: In a P-type semiconductor, a trivalent impurity such as boron or
gallium is added to silicon (Fig. 19.1-b). These atoms have only three valence electrons,
so one bond remains incomplete, creating a hole (a missing electron). Holes act as
positive charge carriers, moving through the crystal and helping in current conduction.

Q.4: What is PN junction? Briefly explain. m
Ans. PN Junction: . @O
When an N-type and a P-type semico ﬁ @ r they form a PN
unction semiconductor dlode
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to ﬂow an extcmal voltage is applied to overcome thls barrler @
Examples: For silicon based diodes, the req@jre @ W@P N and for
germanium based diodes, it is aboyt,0. %M“ O

\

™ Electron|

Depletion region
Situation after the formation of depletion region

Fig.19.2: Schematic diagram of formation of PN junction
Q.5: Explain the working of Semiconductor Dnode '

Ans. Principle:

A semiconductor diode (also known as a
PN junction) allows current to flow in only one
direction.

Symbolic representation Its symbohi the

presentation is shown in Fig. 19.3

Working @
Forward bias: The diode nt when the P-side is connected to tie positive
terminal and the N- € negattve terminal of a battery (Fig. 19.4-a). This condition is

known as forward bias. In forward bias, the applied voltage reduces the potential barrier at
the junction and narrows the depletion region. This enables charge carriers (electrons and
holes) to easily cross the junction, causing the flow of current through the diode.

Reverse bias: In contrast, when the P-side is connected to the negative terminal and the
N-side to the positive terminal of a battery, the diode is said to be in reverse bias (Fig.
19.4-b). In this condition, the depletion region widens, increasing the potential barrier
and preventing the flow of majority charge carriers. However, a very small current,
known as leakage current, still flows due to the movement of minority carriers from both
sides of the junction.

PN Juneﬂon

N- regton

— Wider depleﬁon re:ion :

|
i
Reverse bias

Fig. 19.4: Fon‘ﬂﬂﬁjﬁd ?éverse blasing ofa PN junction showing dmanges in depletion region




The typica'rcurrent voltage (I-V)

characteristic curve of a diode is shown_in W @
19.5. In this graph, the diode m@ T@ Forward

significant current anly i

Voltage (V)

in reverse bias, it bi rrent almost nm...,u
completely: » of diodes is important blas T
for their use in circuits such as rectifiers, i

voltage regulators, and electronic switches. Fig, 19.5: -V grapt 1 S R

0.6: What is Light-Emitting Diode (LED)? Also explain about the semiconductor

device. 3
Ans. Light-Emitting Diode (LED) Principle:

A Light- Emitting Diode (LED) is a
semiconductor device that allows electric current to
flow in one direction, like a typical diode, and
emits light when electrons recombine with hdlés.
Symbol: The symbol of LED is shown in Fig. 19.6.
Censtruction: it consists of a PN-junction made fro materials. When
the LED is connected in a forward bia .'-" e/veduces the depletion region
and allows thc flow of charge carfic : Junctlon As electrons from the N-typc

‘?J ./ Creating visible light.
Workmg For\Forward bias: The working of an LED under forward bias condition is
shown in Fig. 19.7(a). Here, a simple circuit diagram demonstrates the LED setup with a
resistor R to limit the current, a voltmeter V for the measurement of voltage across the
'LED. and an ammeter (mA) in series to measure the current flowing through the c:rcunt

ey

¥ 8 8 8 8 3
——

Current (mA)

r“’\
{a) Forward biasing condition of LED ;\ v\"(’\ﬂ< ;( ?@;; &U /

: Fig.19.7: {3 < chamcteristlccurve
For Reverse blas In the W ondition (positive to N-side and negative to
! P

P-side), the de reventing the flow of current, and as a result, no
light is emit crcfore. LEDs are designed to function only under forward bias




condmon : m
| Thc behaviour of the LED can also be undersgod u51 V)

characteristic graph as shown in Fig. 19.7- 8 that initially
“cut i certain threshold voltage, a

S ‘ gm light emission.

sudden sharp increase in curr .

Colour dependenW& of the light produced by an LED depends on the
materials used during its manufacture affectmg the wavelength (and thus the colour) of
the emitted light. |

User: LEDs are highly efficient, durable, energy- savmg, and are extenswely used in a
variety of applications including radios, lamps, digital clocks, calculators, video displays,

remote controls, and modern lighting systems.
Thus, LEDs play an important role in both everyday life and advanced technologies by .

efficiently convertmg electrlcal energy dlrectly into light.

"~ Analog and Digital Electronics

Q. 7 What is Analog and Dlgltal Electronics? How it works together"

OR Diffirinate between analog and digital electronic.
Ans. Electronic circuits, devices, or systems are mainly divided i al@@mlml

types. Q
Analog Elecromcs In analog cirg

currents can vary smoothly ‘%ﬁm -
within a certain ran |
Example: For ex ,an analog meter uses a
pointer moving over a contmuous scale to display
readings. These circuits are used in devices like | -

amplifiers and variable resistors, which allow fora | .
a

wide range of adjustments, such as dimming 2| &
' 3

0

lamp to various brightness levels.
Digital Electronics: In digital circuits, voltages (b Time
have only two values: "high" (e.g., 5 V) or "low" @
(e.g., near 0 V) (Fig. 19.8-b). These circuits are ¢ aratogand il
used in switching systems, like a simple ON/OFF Fig 19.8: Comparison of analog anc GIg
signals: (a) analog signal varies continuously
switch for a lamp. While digital electronics Were | . time, while (b) digital signal switches
once limited to computers, these are now widely | petween discrete “h.gh and 'low:quels

used in modem telephones, radar systems, mdustrsal machines , and
household appliances. However, the quan % ‘@@?Mh as sound o
light, are analog and cannot be @i %% circuits
Analog-to-digital Conve @ﬁ

To bridge twmmg—m digital converter (ADCY 1s used.




It converts analog signals into digital binary
form for processing by computers (Fig. 19.9)
The ADC works by sampling t

- signal at regular mterval .
sample into a binary Fig. 19.9: Analog-to-digital converter (ADC)

- its voltage | : IRt
Q.8: How og data convert to digital data? Explain.

Ans. Conversion from analog to digital data:
| Analog data, such as sound or light, is continuous and can take any value within a
range. In contrast, digital systems use binary data (0Os and 1s), which is discrete. To 3
convert analog data into a digital format, an analog-to- dlgltal converter (ADC) is used.
The process works as follows (Fig. 19. 10).
Working:
1. Sampling: The continuous analog srgnal is measured at regular intervals.
2. Quantization: Each sampled value is rounded to the nearest predefined level.
3. Encoding: The quantized values are then converted into binary numbers (0s and Is).

For example, a sound wave (analog) is measured at reguiar interva ch value is
quantized to the nearest level, and then encoded mto a e bers. This
process makes the sound wave usblegby d " as computers Once
processed, a digital-to-analog erte ‘ ve the bmary data back into an
analog signal for output, ek & P2 sound through a speaker. This process enables -
digital systems to 23 , continuous data efficiently.

Flow charﬁ\&[@w e
Continuous tlme Sampler — - Quantizer v 4 Encoder —) D.igital
e srgnal Discrete time | __| Qquantized : el
analog signal Signal

Fig. 19.10: Basic steps of analog-to-digital conversion

19.3 Boolean Logic

0.9: What is boolean logic? Also explain about Boolean algebra and |ts uses.

Ans. Boolean logic: | O
Boolean logic is a system of true/false reasoning. It treats values as just two states
true or false (often 1 or 0). It uses ‘operations like AND, OR, NOT.

Binary variable:

A binary variable has only two p0551ble states etther ON
(closed) or OFF (open) These states @ respectlvely For
example, in a circuit w1th state of the switch (open or

o

closed) is the input, and r ON) is the output. When the switch is

open (input = 0), e nd the lamp is OFF i.e; the output is zero. However, _
‘when the swi losed (input = 1), the lamp turns ON and the output is 1 (Fig. 19.11).
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represents data in computers. B
data (continuous signals) i gl
for designing digit :
Uses: Boolean algebra uses three basic logic operations: AND. OR, and NOT. These

operations are implemented using logic gates, which are digital circuits mth binary
inputs and outputs.

: S
Explain: i s State

Lamp
A logic gate's output can only be high ( D s s = = .
or low (0), depending on the conditions at its | * B d nil
mput Closed ON 1
Examples: Fig. 19.11: Binary logic macircmt (The switch (S)

controls the lamp based on boolean logic-Open

i.  AND gat t ly if all
i gate gives an output of 1 only ifa (0) = OFF, Closed (1) = ON)

its inputs are 1.
ii. An OR gate gives an output of 1 if at least one mput is 1.

iii, A NOT gate inverts the mput (1 becomes 0, and 0 becomes %g%mmt

AND gate: In the case of the AN \ g er s with two switches
S, and S,, along with a battery on, the lamp only lights up when both
path : ,

switches are: closed fi %, 3 3 Lamp

for current to flo ither sw1tch is open, ' Open g::d g:;
: : i H La o s

the current is interrupted, and the lamp vT h 23 et | Owes | OW

remains OFF. This setup models the logic Closed | Closed | ON

AND operation, where the output is 1 only if (a) (b)

Fig. 19.12: (a) Circuit representation of AND logic

both input : ircui itchi
oth inputs are 1. The circuit, switching usmgsw.td'.es(b)TrumtableforANmOE'C

combinations (Fig.19.12(a), and truth table

. 4 s . 3 5y FRE Lamp
are illustrated in Fig. 19.12(b). : Open | Open | OFF
OR gate: For the OR gate, the lamp is | Open | Closed | ON

. . . ‘ 5 . Closed Open | ON
connected in a circuit where switches S: and | Closed | Closed | ON

S: are placed in parallel ( Fig. 19.13-a). In b ' (b)

this arrangement, the lamp glows if either or |  Fig. 19.13: (a) Circuit representation of OR logic
both switches are closed, as current can flow using switches (b) Truth table for OR logic
through at least one path. The lamp remains OFF only when both sWi This
models the logic OR operation, where the outpubls re l The
complete explanation and truth table for th ed in Fig. 19.13(b).
Importance in solving comples dig f‘ﬂ ﬂhese simple logic gates can be
combined to perform co ‘u ‘ 18 forming the backbone of modern digital
-systems, from COM phones. By using Boolean algebra and logic gates, we

can systematically design circuits that process binary data efficiently and rellably




1IN  Logic Gates

Q.10: Explain about logic gates. @m .

Ans: Logic gates: R @32@0 ; |
itt ‘ ‘ are_designed to perform these basic logic

"Logic gates are-the
functions." Q ’ S
Actually «thd|t gic is applied to digital circuits used to implement logic
functi . ' ; - |

A logic gate is a basic component of digital circuits that performs logical operations

like AND, OR;'anq NOT. Most logic gates have two inputs and one output. However, in

the NOT gate, there is only one input and one output. These gates enable digital devices

to process binary data and make decisions. . : | ‘ ‘
Uses: Logic gates are used in everyday devices like smartphones, computers, calculators,

- and digital watches: _ | - L
AND GATE: The AND gate has two inputs. The output of the AND gate will only be 1
(high) if both inputs are 1 (high). In other words, if A and B are two inputs of the AND

gate, then output X will be 1 if A=l and B=I. ‘ _
Equation: The logic equation for the AND gate is written as X=AB (X equals A AND B)*
Symbol and table: The circuit symbol for AND gate and its truth table are shown in Fig.
19.14 (a) and Fig. 19.14 (b), respectively. : , @@E@ :

@)
A ;
: OB
Al "Siel

& M -14: (a) The circuit symbol and (b) Truth table for an AND gate L S
OR GATE:"The OR gate has two inputs. The Al [x=a]|

: ST N
LA E X =AB
oYY

1

-
-0

Als
output of OR gate will be 0 (low) if both the AD—M" e
~ inputs are 0 (low). In other words, if A=0 and | B T R
B=0, then X=0, otherwise X=I. o sl B e S
Equation: The logic equation for OR gate is (a) (b) '
: IR e table for an OR gate :
Symbol and table: The circuit symbol for OR - !
gate and its truth table are shown in Fig. 19.15 (a) and Fig. 19.15 (b), respectively
'NOT GATE: 5 | ' |
- NOT gate has single input. It is also called an A A | X=A
inverter as it inverts the input signal, i.e; if its | @@W\/\X -: ; -
input is 1, then the output will 0 and vice " 5 i 5 ;
!Equat_ngn: The Logic equation f Fig. 19.16: (a) The circuit symbol and (b) Truth
is X=A (equals NOT %{ _ 5
. ol

. table for NOT gate

et e




s s W
Symbol and table: The symbol of NOT gate (Fig 19. 16 a) and th 8 ‘ i m
Fig. 19.16 (b). . O W@O
NAND GATE |

A NAND gate is a combi
NAND gate is made fro
shown in Fig. 19.1
Equation: The logic equatron for the NAND gate is written as X= A. ‘A .B (read as X equals

NOT A AND B).
Table: From truth table (Fig.19.17-c), we can see that the output is O when both inputs A

and B are 1, otherwise output is 1.

. A NoT A= e
A v o X =A.B
B— J AB S SR :

NAND gate

{a) (b} ' {c)
Fig. 19.17 (a,b): The circuit symbol (c) Truth table for NAND gate

€ and NOT gate. The symbol for a
& along with the bubble circle at its output as

|

|xX=AB

Ol»|lOo|lm

Bi=|O|O|P

ofr|r|r|p

-

NOR GATE
A NOR gate is an OR gate w:th -a NOT gate at its output (Flg 19. 18—a) The

symbol for a NOR gate is made from an OR gate with the inversio 1ts
output as shown in Fig. 19.18 (b). ; nv '
Equation: The logic equation for the NOR ,'_ -= |( B (read as X equals

not A OR B). From truth table ( n'see that the output 1s 1 when both
inputs A and B are 0, otherwisg 0

U ‘

: NOT a S e
: A : . x=A+B {

B A+B ¥ xcm?‘

n
»
+
mw

A B
0 0 i
o 1 52}
, 1 o )
NOR gate 1 1 o
{a) (h) (c)

Fig. 19.18 (a.b) The circuit symbol (¢) Truth table for NOR gate

Q 11: Write about Application of Logic gates in daily life?

MB__

Ans. Burglar Alarm: e i A
Construction: We can create a 51mple burglar alarm ——@—.J\—g}m
using a single NAND gate, an LDR (Light-Dependent ‘ : ‘
Resistor), a push-button switch (S), and an alarm. The : i
;@m '

LDR is connected between one input (B) of _the ; %& C
NAND gate and the positive terminal of the latten ‘\S w

while the push-button switch is ¢ s

other input (A). @“ NAND gate

Working: w ' |
The alarm is‘connected to the output of the NAND gate (Fig. 19.19). -When light

.,.!

ig. 19.19: Burglar alarm circuit usmg




- causing input B to be low (0). Sim

- —— - Prae. oS e g = S RN, SR, 1

falls on the LDR, its resistance is low. causing input B to @@W&ver. if the
burglar interrupts the light (e.g., by blc&skin iy, istance becomes high,
f @e on the push-button switch

gate’outputs low (0) only when both inputs are
t 1). This means the alarm will sound if either the light
is blocked switch is pressed (A = 0), or both events occur simultaneously.
This simple’ yet effective circuit ensures the alarm is triggered in response to
unauthorized entry, making it a practical burglar alarm system. R
Fire Alarm System | : g

A fire alarm system detects fire at an early stage by sensing smoke and heat.
triggering an alarm to warn people and provide time to take action. :

(S), input A becomes lo
high (1); otherwise. it

Construction: It consists of alarm-starting devices (like smoke detectors and heat
‘sensors), alarm devices (such as sirens), fire control systems (like sprinklers), and power

supplies (Fig. 19.20).

Smoke
sensor A Fire extinguisher P
ZARE O
Heat o ; &
senso ;
“Fig.19 it di ire alarm using basic logic gates

g red by sensors such as smoke detectors or heat sensors,

Working: The alarm \N

which are o-’;\ ndiio” detect certain levels of smoke or heat that may indicate a fire.

While there are advanced and high-cost fire alarm systems available, it is also possible to
make a basic fire alarm using simple components like thermistors, LM358 (Operational
amplifier), germanium diodes, LM341 (Voltage regulator), and NE555 (Timer [C).
Furthermore, a fire alarm system can be constructed using basic logic gates. For instance.
a circuit with logic gates can process inputs from smoke and heat sensors, triggering the
alarm when either of the conditions is met, providing an affordable and efficient fire
detection solution.

DO YOU KNOW ? 3B

Diodes are Important

/

® The silicon diode is the simplest of all the semiconductor devices. It is also one of the most
important. Without diodes, one can not build electronic equipment. mw
] een. .

- ®  Applications for diodes range from power supplies to cell phones p@prﬁﬂn@

Thé.Mea'ning of Logic Gates / e m\k - _ (i T
e A gate is a device that performs a basi 10 al signals.

Gates are combined into % 1 re complicated tasks.

[
e Logic Gates are t-are designed to perform these basic logic functions.
e Actually ogic is applied to digital circuits used to implement logic functions.




{ FOR YOUR INFORMATION | o200

iy 7o
e

_Fire alarms can be connectad toa
monltoring service ;

M
There are different types of fire

e
l : 6 Iré éléﬁns shdb‘lmd’ ;tesf;dirégul'a;il

[ Tidbits 3

A diode is like a one-way road for current allowing it to flow in only one direction and blocks in the
opposite direction. 5 A

Unlike normal bulbs, LEDs do not waste much energy as heat. They Instantly glow by simply 1etting
current flow across a special junction.

Analogue signals are continuous like oceaﬁ waves. Digital 51gna19 are sharp ge\sta @&E@t highs
and lows, (1's and 0's). C(i

" Tiny circuits called logic gates act llke smart sW@W@WM computers, watches,
and phones.
NS
ram Teaser \3 \NU\)

In an LED, s and produce something surprising. What is released during -
‘this encounter heat, light, or sound"
Ans. Light is released during this ‘encounter.
2. - In Boolean logic, what is the output of an AND gate if one input is 0 and the other is 1?
Ans. The output is 0.
3. Show that the c:rcult given below acts as OR gate.

&
B

Ans. The circuit acts as an OR gate because the NOR gate followed by and inverter results in the logic
operations A+B.
Combine the NOR gate and inverter operations.
: Substltutmg the NOR gate output into the inverter input:

X = A+B

- X

Apply De Morgan's Law

The double negation cancels out:
: : . X=A+B

Recognize the OR gate operation. O

arietsi s

The final output X = At+B represe
4.  Show that the circuit giv




Ans.

R

R —
The circuit acts as an AND gate because the output X is eq UB which is

demonstrated through the apphcatlon of De an' s of NOT and NOR
gates,
The output X is the logi refore the circuit acts as an AND gate.

ic ,
A fire alarm must go o e is detected or heat is detected. Which logic
gate fits this setup? :
vk 00 ﬁre when either smoke or heat is detected mdlcates an OR relatlonshlp An

OR gate tput is HIGH (alarm OFF) if either or both of its inputs (smoke, heat) are HIGH.

Multiple Choice Questions prepured in the light of new Examination Techmques
. (Knowledge, Understandmg, ‘Application, Analytical & CDnceptual)

P S ) AR
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10.

(a) conductors and supé

- (a) Silicon (b) Iron (¢) Aluminium

(¢) Smoothly and conti ‘
- Digital sngnals voltages level?

. 19.1 S'emiconducmrs
Electronic is a branch of physics that deal with the study of. @.m

(a) flow of electrons (b) ﬂow
(c) flow of proton
Semi conductors have electrlcam ij

Insulator and vacuum -

(¢) conductor and j (d) Metals and alloys ;
The proc g purltles toa pure semi conductor is called: '
(a) Ann (b) Doping (¢) Heating (d) Diffusion

Which of the following pentavalent impurity?

(a) Boron (b) Gallium (c) Phosphorus (d) Indium
Which impurity is added to form a P-type semi-conductors? ;
(a) Arsenic (b) Phosphorus (€¢) Boro® - (d) Antlmony
Silicon has how many valence electrons? ‘ , ; '
(a) 2 : hpd . (c) 4 {d) 5

Y

The most common used semi-conductor material is:
(d) Copper

19.2 .Analog aqd Dlgltal Electromcs

Electronic circuits are'mmlydmded into which two types?

(¢) Input and output : (d) AC an

I

d Randomly

(a) Mechanical and electrical - (b) Analog and dl?%a @m

In analog circuits, voltage varies. (O

(a) In steps

:(a) one (b) two e three (d) four °




1. Which of the following is an example of a dlgltal signal?

(a) Sound wave (b) Light intensity (c @W@'ature

12. Digital Data is represented in the fo

(a) Waves b) G ary number (d) Voltmeter
13. Which device con » Is into digital form? :
(a) Amplifuﬁ{&w.{\M o (b) Transformer -
(c) Rectifier ' - (d) Analog to Digital converter
14. In ADC, rounding each sampled value to the nearest predefined level is called.
(a)  Quantization  (b) Modulation (c) Encoding (d) Sampling

TER  Boolean Logic

15. Converting quantized values into binary numbers (0s and 1s) is known as.

(a) Sampling (b) Encoding‘ (¢c) Quantization (d) Filtering
16. Binary states represented by : - : '

(a) Aand B (b) ON and OFF (¢) Oand 1 (d) True and False
17. Which of the following is NOT a basic logic operation?

(a) AND (b) OR (¢) NOT XOR

18. - What is the output of an AND gate if inputs

(@) 0 (b) 1 undeﬁned
19. A logic gate is a basic component of:
(a) Analogwwm ' ~ (c) Electrical (d) Mechanical
20. The Booleanexpression of AND gate is: ;
o (a) X=A+B (b) X=A.B (0 X=A (d) X=A-B
21. Logic gates are used in: : :
(a) Fans ‘ (b) Bulb . (¢) computers (d) motors

L@ L@ % s s e (o) T ()
.M 9 © ot L e IS (d) . 14 (@)
1500 16, () 12 (@ 18 @Y 19 By 520, (b) . 2L (©)

. // Additionl Short Questions /-

A S . a—]

Short Answer Questions prepared in the light of new Examinotier Technigues
: (Kno tual)

wiledge, Understandmg, Application, Analytical & Concep

"iflﬁ'il—i\ii o= D

1. What is electroni o A ; i
Ans. Electronics e-branch of physics that deals with the flow of electrons in devices




Ans.
Ans.
Ans.

Ans.

11.

Ans.

12,

~ Ans.

13.

Ans.

- and circuits. _ @@@\X

Where does electromc use? ;
It blend technical precision with{ ng rise to advancement in
areas such as artnﬁcratDl energy, and space exploration. =

What is semi-co
Semi-c aterlal whose electrical conductrvnty lies between that of
conductors-and insulators. e.g. silicon and germanium. - : T

What is doping? ;

Conductivity of semi-conductor can be mcreased by adding impurities thlS process
is known as doping.

Name types of semi-conductors.

There are two types of semi-conductors.

(i) '~type semi-conductor.  (ii) P- -type seml-conductor

- What is p-type semi-conductor?
Ans.
“silicon. These atoms have only three valence electrons. So one bond remains

In p-type semi-conductors, a trivalent impurity such as boron or gallium is added to

incomplete creating a hole. Holes act as positive charge carrier moving through the
crystal and helping in current conduction.

What is diode? . , _
. Diode is like one way road for ¢ “ in only one dlrectlon and-

blocks in opposite dlréh
What voltages requi based diode?

For silicon n"'\‘ .;\.N voltages requlred 0.7 V.
What v ages required for germanium based diode?

. 0.3 V voltages required for germanium based diode.

Draw schematic diagram of formation of PN Junction.
: P N

A, A

*

DOO000Q0
00000000F

e
+ & o= 3
i _ O [“Electron
+ -

*

s o

[Hole

Depletion region
Situation after the formation of depletion region

Fig.19.2: Schematic diagram of formatron of PNj |unct|on
Define Forward bias conductor?
When P-side is connected to the positive terminal and N- s%e 10 r@ terminal

of battery. This condition is known as Forward bi :
Define Reverse bias conductor E \ \ \
When P-side is conneef i sxde to posmve terminal of a

‘battery, the diode is saf 1as
The colour on which factor?

The col light produced by an LED depends on the materials used during its




14.

Ans.

15.

Ans.

16.

Ans.

1

Ans.

18.

Ans.

19.

Ans.

20.

Ans.

manufacture, affecting wavelength of emitted light. @@
Used of LED's? : ’ @

LED's are highly efficient durable, eherg ;
variety of applications including fadiass lampssdigital clocks, calculators. video
displays, remote contrg :

Differentiate between Analog data and Digital data.
Analog Data = -~ . |- Digital Data .-

In analog circuit voltages and|In digital circuits voltages have only two

currents can vary smoothly and|values high or low only two values

continuously within a certain range. | = ¢

These circuits are used in amplifiers | These circuits used in switching system.
and variable resistors. , e.g: It is used in household appliances.
e.g: dimming lamp. ‘ :

How can analogue data convert to digital data.
Analog data convert digital data by ADC.

19.3 Beolean Iogic

like a switch that is either ON or

A binary variable has ‘ € states,
OFF. These \i serited by 0 and 1.
Explain AND-gate truth table
Si _ S: Lamp
Open 60 Open - OFF
Open - Closed OFF
Closed Open OFF
Closed : Closed SieON
Explain truth table of OR gate. '
' S 3 Sz Lamp
Open | *  Open ~OFEx
Open « i Closed ON
Closed - Open 8)
Closed - .. , ‘ s 7%\ O@m

Write uses of logic_gafe?

Logic gates W
and digital v es.
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21. erte truth table of NOR gate and symbollc r e n@@\g\m
e A | x=a& @
Ans. ' 3 1

e ; L o\ \F
22. Draw symbolic r r%\é . rof AND gate,

Ans.

23, Draw symbolic representation of OR gate.

A . :
Ans. _BD—MEB

w T|ck (/ ) the correct answer. _
19.1 A diode allows current to flow in: ‘

(@) both directions : (b) nelther %r‘?@ @@m
_ (c) one direction only =y

19.2 What is the primary function df': lip » ng

~ (a) To block current {3
(b) To emit li e ent passes in one direction
(c¢) To C rlcal signals

(d) To convert light into electrical energy
19.3 The output of a two inputs NOR gate is '1', when:

(a) Ais'l'andBis'0' (b) Ais'0'and B is'1"
(c) both A and B are '0' : (d) both A and B are '1'
.~ 19.4 The output of a NAND gate is '0', when:
(a) both of its inputs are '0' (b) both of its inputs are '1'
(¢) any ofits inputs is '0' : - (d) any ofits inputs is '1'
19.5 How many bits make up a byte i m Boolean logic? :
| (@) 2 (b) 4 | (c) 6 (d) 8
Angwers

19.1 (c) 192 (b) 193 (c) 194 (b) 195 ,(9}\ fﬁmm

NS
, B. Short Answer Questlons @@ C/JO

19.1 What is the function e
Ans. It allow electric curre y one dlrectlon (low resistance) and blocks
current in the.¢ -. l; rection (high resnstance) It is used for rectlﬁcatlon (AC to




19.2 What happens when a diode is forward biased? m :
Ans. When a diode is forward biased, it conduct urr . @%@@ arrier

potenttal decreases and changes carri€h ¢

Ans. An LED (nght Emitti “ \
' used as an lﬁm &J @xq inati
19.4 Why does a emit hght when cnrrent passes through it?

Ans. When current passes, electrons combine with holes, releasing-energy in the form of
light (Photons) .

19.5 What does an analog-to-digital converter (ADC) do?

Ans. An ADC converts analogue signals into digital signals. An analog to digital
converter (ADC) converts a continuous anajog 51gnal (e.g. voltage, current) into a'

| discrete digital representation.

19.6 What is the difference between analog and digital signals?
Ans.

Analog signals are continuous and can|Digital signals are discrete and
- take on any value within a range. represent information as a sequence of}|-

binary values (0's apd\l S):f\m

19.7 What is Boolean logic in digital electro lcs =
Ans. Boolean logic is a system of logic{usi % m 0 and 1) and logical

operations such as AND

19.8 What does a NOT al circuit?
Ans. A NOT gatej r?put 51gnals if the input is 1 the output is 0 and if the input

is 0 output is

19.9 What is the role of an AND gate in digital circuits?

Ans. An AND gate grves output 1 only if all its inputs are 1. if any input 0 the output will
Bel. .

i C Constructed Response Questions

19.1 Why would a diode be damaged if it is. connected in reverse bias with a very
high voltage? What does this tell us about the diode's physical limits?

Ans. A diode is damaged under high reverse bias due to avalanche breakdown, leading
to excessive heat and potentlal melting of the semiconductor material.
This demonstrates that diodes have a maximum reverse voltage limit determined by

their physical propertles and doping concentration.
%f @@\é@ltage
tness?

19.2 What makes an LED glow brighter or dimmer depe
nt, which is controlled

_ applied? How is this property used in g}l]u able n ‘
Ans. The brightness of an LED dete " % }s
by the applied voltage to higher current and brtghter light.

This property i ble displays by varylng the voltage or current
supplied t :




| -5

- 19.3 Why are digital systems more rellable than analo @MSmlttmg g
signals over long dlstances" O
Ans. Dlgltal systems are ore relial " tems for long distance ~§
transmission because MAUTE to noise, can be regenerated to remove
noise accumulatj 1 corporate error detection and correction techmques ;
19.4 Why iwate also called an inverter, and how can such a simple
function have a major role in digital decision- -making? 4
Ans. A NOT gate is called an inverter because it inverts the input signal.
It plays a major role in digital decision- makiﬁg by providing the complement of a
signal, enabling the 1mplementat10n of complex logical functions and conditional
operations.
19.5 Why would a security system use NAND gates mstead of OR or AND gates for
certain logical conditions? :
~Ans. Security systems might use NAND gates due to their umversallty, which S|mphf' ies
design and manufacturing. They are also useful for implementing tamper detection
and active low logic, where a '0' signal mdlcates an active or triggered state.

................. Y @@m

D. Comprehenswe Questions :
@@M orward and reverse

19.1 Explain how the depletlon regi
~ bias. What effect does
- Ans. For Answer See Q #

19.2 Deserl D produces light. Also explam how the type of
- semiconductor matenal affects the colour of the light.
Ans. For Answer See Q # 6 - Al

19.3 What is Boolean logic? Discuss its importance in solving complex digital
problems with examples. - '
~_Ans. For Answer See Q # 9 3
- 19.4 What are logic gates? Describe the working of NAND and OR gates with the_
~ helpof truth tables and circuit symbols.
Ans. For Answer See Q# 10 ‘
19.5 How does a NOR gate work and how can it be used to bulld other basic logic
- gates? -
Ans. For Answer See Q# 10 : ;
19.6 How can a burglar alarm be desig @W@ate and an LDR?
Explain. ﬁ& ‘ #
-Ans. For Answer See Q # : | :
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