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Chapter 13 Electronics

Semiconductors
A semiconductor is a material whose electrical conductivity
falls between conductors and insulators, Their conductivity
increases when temperature increases, They allow current
to flow in a controlled way.
Example: @) Silicon (Si) @) Germanium (Ge)
Explanations
Atoms of Group IV-A of the periodic table are
semiconductors, In pure silicon, atoms contain four
electrons in the outer orbit, In a 2-D crystal lattice of
silicony bonds are formed by sharing of electrons — these are
covalent bonds, All valence electrons of every Si atom are
locked up In covalent bonds with the valence electrons of
four neighbouring Si atoms,

2-32135&/ latbice o Silicon



Science Tidbitss

In semiconductors current
is caused by both electrons
and holes, If an external
electric field is applied to
the semiconductor, the

electrons and holes move in
- opposite directions, Hence
they both contribute to the
w of current through
$emiconductor material.

PKMZ - Semiconductors (Physics
Kahani Mak Zabant)

Semiconductor woh material hai jiska
electrical conductivity conductors aur
insulators ke beech hoti hai, Jab
temperature barhta hai to conductivity
bhi barhti hai. Silicon aur Germanium
iske main examples hain, Pure form mein
yeh intrinsic hote hain, aur impurities
mila do to extrinsic ban Jjate hain,

—



L. Which of the following "b“'est describes a semiconductor?

A) A material with zero electrical resistance

B) A material with conductivity between conductors and
insulators

C) A material that only conducts electricity at high
temperatures

D) A material that never conducts electricity

Answer: B) A material with conductivity between conductors
and insulators

(Explanations’Semiconductors have electrical conductivity
that falls between that of conductors (like copper) and
insulators (like glass). They do not have zero resistance like
superconductors, nor do they completely block current like

TnSUIatOY"So

2J The most commonly used semiconductor material iss
A) Germanium
B) Carbon

C) Silicon
D) Gallium arsenide
Answiers C) Silicon
Explanation: Silicon is the most widely used semiconductor
because it is abundantly available in the Earth's crust (as
silica/sand), has a suitable band gap of 1,12 eV, and forms a
stable oxide (S10,) that is essential in chip fabrication,
% The energy gap (band gap) of a typical semiconductor is
approximatelys
A) 0 eV




B) 0,1-3 eV

C) 5-1oeV

D) Greater than 10 eV
AnsweryB) 0,1-3 eV
Explanationg Semiconductors have a small forbidden energy
gap of about 0,1-3 eV, This is small enough for electrons to
be thermally or optically excited across it at room
temperature, Insulators have gaps above 5 eV and
conductors have zero gap (overlapping bands),

4. In a semiconductor, the valence band and conduction band
are separated by:

A) A large forbidden gap

B) No gap at all

C) A small forbidden gap

D) An overlap

Answens C) A small forbidden gap

Explanation: The defining feature of a semiconductor is its
Small forbidden gap (band gap). This distinguishes it from
insulators (large gap) and conductors (no gap or overlap).,
The small gap allows controlled excitation of electrons,

5. Which of the following is a semiconductor?

A) Copper

B) Aluminium
C) Germanium
D) Silver
o
good conductors, Germanium is a group IV element with a
band gap of 0,67 eV, classifying it as a semiconductor along

with Silicon and gallium arsenide,

C) Germanium
Eiong Copper, aluminium, and silver are all metals and




6. As temperature increases, the conductivity of a
semiconductors:

A) Decreases

B) Increases

C) Remains constant

D) First increases then decreases

Answer; B) Increases

energy to czalc?,ct\"ow_;q enabling more of them to jump across
the small band gap into the conduction band. This increases
the number of free carriers (both electrons and holes),
increasing conductivity,

T In the energy band diagram of a semiconductor at
absolute zero, the conduction band is?
A) Completely filled

B) Partially filled

C) Completely empty

D) Overlappmg with valence band

\nswersiC) Completely empty

Ea&plﬂna’bwmﬁt absolute zero (0 K), no thermal energy is
available, So no electrons have enough energy to cross the
band gap, The valence band is completely filled and the
conduction band is completely empty, making the
semiconductor behave like a perfect insulator,
8. Semiconductors have a crystal structure that is;
A) Amorphous

B) Ionic
C) Covalent

D) Metallic

\nsweng C) Covalent




Explanation? Semiconductors like silicon and germanium form
covalent crystal structures, Each atom shares its four
valence electrons with four neighbouring atoms through
covalent bonds, forming a regular tetrahedral lattice,

9. The property that makes semiconductors useful in
electronics is?

A) Their high conductivity

B) Their resistance to heat

C) The ability to control their conductivity

D) Their magnetic properties

Answer: C) The ability to control their conductivity
¢Explanations The most valuable property of semiconductors is
that their conductivity can be precisely controlled through
doping, temperature, light, or applied electric fields, This
controllability is the foundation of all semiconductor devices
like transistors and diodes,

¢10, Which of the following is NOT a semiconductor?

A) Silicon

B) Germanium

C) Copper

D) Gallium arsenide

¢Answer: C) Copper

1Explanation; Copper is a metal and an excellent conductor
with overlapping valence and conduction bands (no band gap).
Silicony germanium, and gallium arsenide all have small band
gaps and are classified as semiconductors,

@2, The valence electrons in a semiconductor are involved in¢
A) Tonic bonds

B) Covalent bonds

C) Metallic bonds



D) Hydrogen bonds

Answer: B) Covalent bonds

Explanation: In semiconductor crystals (e.g., silicon), each
atom has four valence electrons that are shared with four
neighbouring atoms to form four covalent bonds, These
shared electron pairs hold the crystal together and fill the
valence band completely at low temperatures,

@2, Intrinsic semiconductors are;

A) Heavily doped semiconductors

B) Pure semiconductors with no impurities

C) Semiconductors with donor atoms

D) Semiconductors with acceptor atoms

Answer: B) Pure semiconductors with no impurities
Explanation: An intrinsic semiconductor is a chemically pure
semiconductor with no intentionally added impurities, Its
electrical properties are determined solely by the material
itself, Charge carriers are generated only through thermal
or optical excitation across the band gap.

@3 In an intrinsic semiconductor, the number of free
electrons equals?

A) Zero

B) The number of holes

C) The number of protons

D) The number of donor atoms

gAnswer: B) The number of holes

EBxplanation: In an intrinsic (pure) semiconductor, every
electron that is excited to the conduction band leaves behind
exactly one hole in the valence band, Therefore, free
electrons and holes are always generated in equal numbers:
n=p =i



14, The forbidden energy gap of silicon at room temperature
IS approximatelys

A) 0,67 eV

B) 1,12 eV

C) 3.5eV

D) 5.0 eV

Answer; B) 1,12 eV

“Explanation; Silicon has a band gap of approximately 1,12 eV
at room temperature (300 K), This is large enough to make it
stable at room temperature but small enough for doping and
device operation, Germanium has a smaller gap of 0,67 eV,
15, The forbidden energy gap of germanium at room
temperature is approximately?

A) 0,67 eV

B) 1,12 eV

C) 3.5eV

D) 5.0 eV

@nswers A) 0,67 eV

Explanation$ Germanium has a band gap of approximately
0,67 eV at room temperature, Its smaller gap compared to
Silicon (1,12 eV) means germanium has more thermally
generated carriers at the same temperature, making it more
sensitive to temperature changes,

26, Which semiconductor has a larger band gap?

A) Germanium

B) Silicon

C) Indium antimonide

D) Lead sulphide

PAnswers B) Silicon

Explanation: Silicon has a band gap of 1,12 eV, which is larger



than germanium (0,67 eV), indium antimonide (~0,17 eV), and
lead sulphide (~0,37 eV), The larger band gap makes silicon
more thermally stable and suitable for high—-temperature
operation,

11, At absolute zero temperature, a pure semiconductor
behaves as;

A) A conductor

B) A superconductor

C) An insulator

D) A resistor

Answer: C) An insulator

Explanation; At 0 K, all valence electrons are locked in
covalent bonds, No electron has sufficient thermal energy to
cross the band gap, leaving the conduction band completely
empty, With no free charge carriers available, the
semiconductor cannot conduct electricity and behaves as a
perfect insulator,

18, Thermal energy at room temperature can excite
electrons from the valence band to the conduction band
because:

A) The band gap is very large

B) The band gap is zero

C) The band gap is small enough

D) Metals have large band gaps

Answer; C) The band gap is small enough

Explanation: The thermal energy available at room
temperature (kT = 0,026 eV at 300 K) s comparable to the
small band gap of semiconductors (~0,67-1,12 eV), A Small
fraction of electrons gain enough energy to be excited
across this gap, creating free carriers,



19, Which type of charge carriers exist in a semiconductor?

A) Only electrons

B) Only holes

C) Both electrons and holes

D) Only protons

Answer: C) Both electrons and holes

Explanation: In a semiconductor, two types of charge
carriers exists free electrons in the conduction band
(negative charge) and holes in the valence band (positive
charge), Both contribute to electrical conduction, Protons
are fixed in atomic nuclei and do not move through the
crystal,

20, A hole in a semiconductor is best described as:

A) A free electron

B) The absence of an electron in the valence band

C) A negatively charged ion

D) A proton
@Answer: B) The absence of an electron in the valence band
(Explanation: A hole is the vacancy (empty state) left in the
valence band when an electron is excited to the conduction
band, It behaves as a positive charge carrier because when a
neighbouring electron fills it, the hole appears to move in the
opposite direction — equivalent to positive charge movement,
21, When an electron moves from the valence band to the
conduction band, it leaves behinds
A) A proton

B) A neutron

C) A hole

D) A photon



Answer;: C) A hole

Explanation: When thermal or light energy excites an
electron across the band gap, the covalent bond it occupied
becomes incomplete., This empty state in the valence band is
called a hole, It acts as a positive charge carrier that
participates in electrical conduction,

22, In an intrinsic semiconductor, the Fermi level lies:

A) At the top of the valence band

B) At the bottom of the conduction band

C) Approximately in the middle of the band gap

D) Above the conduction band

Answer: C) Approximately in the middle of the band gap
Explanation: The Fermi level represents the energy at which
the probability of finding an electron is 50%, In an intrinsic
semiconductor, because electrons and holes are equal in
number, the Fermi level falls roughly in the middle of the
forbidden gap.

23, Which of the following processes generates electron-hole
pairs in a semiconductor?

A) Doping

B) Thermal excitation

C) Magnetization

D) Polarization

‘Answer: B) Thermal excitation

Explanation: Thermal excitation provides energy to valence
electrons, allowing them to jump the band gap into the
conduction band, simultaneously creating holes, Doping
changes the type of carriers but doesn't generate pairs the
same way, Magnetization and polarization do not generate
electron-hole pairs,



24, Pecombination in a semiconductor refers to;

A) An electron joining a hole

B) An electron leaving the conduction band for ground state
C) A hole attracting an ion

D) A conductor gaining electrons

Answer: A) An electron joining a hole

Explanation: Recombination is the process where a free
electron in the conduction band falls into a hole in the
valence band, annihilating both carriers, The energy
released during recombination can be emitted as heat
(phonons) or light (photons), the latter being the principle
behind LEDs,

25, Semiconductors are primarily used ing

A) Power lines

B) Electronic devices such as diodes and transistors

C) Electromagnets

D) Heating elements

PAnswers B) Electronic devices such as diodes and transistors
Explanation: Semiconductors form the basis of all modern
electronic devices including diodes, transistors, integrated
circuits, solar cells, and LEDs, Power lines use metals
(conductors), electromagnets use coiled conductors, and
heating elements use resistive alloys — none of which are
semiconductor applications,

26, The resistivity of a semiconductor is typically in the
range of?

A) 10-3 to 1076 ()em

B) 104 to 104 om

C) 108 to 1016 Qe

D) 1020 Qem



Answer: B) 10-4 to 104 Qem

Explanation: Semiconductors have resistivities in the range
10-% to 104 em, between metals (1028 to 1076 Q°m) and
insulators (102 to 1016 0em), This intermediate resistivity
can be precisely tuned through doping, making
semiconductors versatile for device fabrication,

2", Compared to metals, semiconductors have:

A) Lower resistivity

B) Higher resistivity

C) The same resistivity

D) Zero resistivity

Answeng, B) Higher resistivity

Explanation: Metals have very low resistivity (1078 (em) due
to the large number of free electrons from overlapping
bands. Semiconductors have far fewer free carriers at room
temperature, resulting in much higher resistivity, This
changes with temperature — semiconductors become more
conductive as temperature rises, unlike metals,

28. The mobility of electrons in a semiconductor is?

A) Always greater than that of holes

B) Always less than that of holes

C) Equal to that of holes

D) Independent of temperature

Answers: A) Always greater than that of holes

Explanation; Electron mobility is always higher than hole
mobility in semiconductors because electrons move through
the conduction band (nearly empty), while holes move
through the valence band (nearly full) by sequential electron
hops — a slower, indirect process,

29, Which of the following best explains why semiconductors



are used in computer chips?

A) They are cheap

B) Their electrical properties can be precisely controlled

C) They have very low melting points

D) They are good heat conductors

Answer: B) Their electrical properties can be precisely
controlled

Explanation: The key reason semiconductors are used in chips
is that their conductivity can be precisely engineered
through doping and controlled by electric fields (as in
transistors), This allows billions of transistors to act as on/
off switches, forming the logic gates of a processor,

30, In a semiconductor crystal, each silicon atom shares
electrons with?

A) One neighbor

B) Two neighbors

C) Three neighbors

D) Four neighbors

Answers D) Four neighbors

Explanation: Silicon is in Group IV of the periodic table and
has four valence electrons, It forms four covalent bonds by
sharing one electron with each of four neighbouring silicon
atoms in a tetrahedral arrangement,

31, The covalent bonds in a semiconductor are formed by
sharing of?

A) One electron

B) Two electrons

C) Three electrons

D) Four electrons

AnsweryB) Two electrons



Explanations Each covalent bond between two semiconductor
atoms consists of two shared electrons — one from each
atom, Silicon shares one of its four valence electrons with
each neighbour,; and each neighbour reciprocates, Each bond
therefore contains two electrons,

32, Which of the following correctly lists semiconductors?
A) Iron, copper, aluminfum

B) Silicon, germanium, gallium arsenide

C) Sodium, potassium, lithium

D) Neon, argon, krypton

Answers B) Silicon, germanium, gallium arsenide
Explanationt Iron, copper, and aluminium are metals
(conductors). Sodium, potassium, and lithium are alkali
metals (conductors), Neon, argon, and krypton are noble
gases (insulators), Silicon, germanium, and gallium arsenide
all have appropriate band gaps and are classified as
semiconductors,

33. As light is shone on a semiconductor, its conductivitys

A) Decreases

B) Remains same

C) Increases

D) Becomes zero

Answer: C) Increases

Explanation? When photons with energy equal to or greater
than the band gap strike a semiconductor, they excite
electrons from the valence band to the conduction band,
creating electron-hole pairs, This increases the number of
free charge carriers, increasing conductivity — a
phenomenon known as photoconductivity,

34, The process by which light generates electron-hole pairs



in a semiconductor is called:

A) Thermionic emission

B) Photoelectric effect

C) Photoconductivity

D) Recombination

gAnswers C) Photoconductivity

Explanation: Photoconductivity is the phenomenon where
light absorption in a semiconductor generates electron-hole
pairs, increasing electrical conductivity, Thermionic emission
is emission of electrons from hot metals, The photoelectric
effect (external) involves electrons escaping the surface.
Recombination is the reverse process,

@35, Compound semiconductors like gallium arsenide (GaAs)
are used becauses

A) They are cheaper than silicon

B) They have higher electron mobility and direct band gap

C) They are more abundant

D) They require no doping

‘Answer: B) They have higher electron mobility and direct
band gap

Explanation: GaAs has electron mobility about 6x higher than
silicon, enabling faster devices, Crucially, it has a direct band
gap, meaning electrons can recombine with holes while
emitting photons efficiently — essential for LEDS and laser
diodes, Silicon has an indirect band gap, making optical
emission inefficient,

@, Define a semiconductor and give two examples,



Answers: A semiconductor is a material whose electrical
conductivity lies between that of a conductor and an
insulator, Exampless Silicon (Si) and Germanium (Ge),

@23 What is an energy band gap in semiconductors?

Answer: The energy band gap (forbidden gap) is the energy
difference between the top of the valence band and the
bottom of the conduction band, In semiconductors, this gap
is small (approx, 0,1-3 eV), allowing electrons to be
thermally excited across it,

@39 Explain why conductivity of a semiconductor increases
with temperature,

Answer: As temperature rises, more electrons gain
sufficient thermal energy to cross the small band gap from
the valence band to the conduction band. This increases the
number of free charge carriers (electrons and holes), thus
Increasing conductivity,

@4, What is an intrinsic semiconductor?

ARSWEr; An intrinsic semiconductor is a pure semiconductor
with no added impurities, In it, free electrons and holes are
generated solely by thermal excitation, and the number of
free electrons equals the number of holes,

1857 What is a hole in semiconductor physics?

Answer: A hole is a vacancy left in the valence band when an
electron is excited to the conduction band, It behaves as a
positive charge carrier and moves in the opposite direction to
electrons under an electric field.

@62 How does light affect the conductivity of a
semiconductor?

ARSWErS When light of sufficient energy falls on a
semiconductor, photons provide energy to electrons, exciting




them from the valence band to the conduction band, This
creates additional electron-hole pairs, increasing
conductivity — a phenomenon called photoconductivity.

@M State the difference between a conductor,
semiconductor, and insulator in terms of energy bands,
Answers In conductors, the valence and conduction bands
overlap (no gap). In semiconductors, there is a small
forbidden gap (~0,1-3 eV), In insulators, the forbidden gap
is very large (>5 eV), making electron excitation practically
impossible at room temperature,

@8, What is electron-hole recombination?

Answers Recombination occurs when a free electron in the
conduction band falls back into a hole in the valence band,
The electron-hole pair is annihilated and energy is released,
often as heat or light (as in LEDS),

2295 Why is silicon more widely used than germanium in
electronic devices?

Answer: Silicon has a larger band gap (1,12 eV vs 0,67 eV for
Ge), making it more stable at higher temperatures, It is also
more abundant, cheaper, and forms a stable oxide (Si0,)
useful in fabrication,

@10y What is the Fermi level in an intrinsic semiconductor?

WAnswery The Fermi level in an intrinsic semiconductor lies
approximately at the middle of the band gap. It represents

the energy level at which the probability of finding an
electron is 50%, and its position indicates the balance
between electrons and holes,



N and P Type Semiconductors
Types of Semiconductor
1) Intrinsic Semiconductor
Intrinsic semiconductors are in pure form and there are no
impurities added,
Examples 1) Pure silicon 2) Pure germanium

2) Extrinsic Semiconductor

Extrinsic semiconductors are in impure form where
impurities are doped to increase conductivity, Materials such
as phosphorus (P) and aluminium (Al) are added to silicon to
modify 1ts electrical properties and make it more suitable for
electronic conductivity.

Examples Adding phosphorus to silicon results in a free
electron — which is impure silicon,

Types of Extrinsic Semiconductor
1) N-Type Semiconductor
N-type semiconductor is an extrinsic semiconductor formed
when a pentavalent impurity is added to a pure
semiconductor like silicon and germanium, The word ‘N’
stands for negative, indicating electrons as majority
carriers,
Detail: When a pentavalent impurity (Group V-A elements)
such as phosphorus is added to Si, the resulting mixture is
called N-type., Four valence electrons of every phosphorus
atom are locked up Tn covalent bonds with valence electrons
of four neighbouring Si atoms, However, the 5th valence



electron of phosphorus atom does not find a binding electron
and thus remains free to go float in the material,
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PKMZ

Silicon Chicken Story

Socho ek farm hai jahan sirf silicon chickens rehti hain,

Har chicken ke paas 4 chicks hain (Jaise silicon ke 4 valence electrons).
Sab chickens apne 4-4 chicks ke saath perfectly balanced hain, System bilkul
stable hai,

Ab agar hum is group mein ek duck add kar deinae,

Duck thori different hai,

Us ke paas 5 chicks hain (extra one).

Ab kya hoga?

Woh & chicks to bonding mein use ho jayenge,

lekin 1 chick extra bach jayega

Yehextra chick free ho kar idhar-udhar move karega.

Is wajah se system mein extra electrons ho Jate hain.

Is tar: éh‘ ban gayas

<1y iconductor

tive charge yani electrons zyada ho gaye)

ss se hum ne duck add kiya usay kehte haing

Doping Pilicess

(Pure silicon mein impurity add karna)

2) P-Type Semiconductor

A P-type semiconductor is an extrinsic semiconductor formed
when a trivalent impurity is added to a pure semiconductor
like silicon or germanium, The word ‘P’ stands for positive,
indicating holes as majority carriers,

Detail: When trivalent impurities (Group I11-A elements)
such as boron is added to Si, the resulting mixture is called P-



type. Three valence electrons of every boron atom are locked
up in covalent bonds with valence electrons of three
neighbouring ST atoms, However, the fourth electron of the
St atom remains unpaired, A vacant spot called a hole is
created within the covalent bond between one boron atom
and a neighbouring Si atom, These holes are considered to be

positive charge carriers,
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Comparison of N-Type and P-Type Semiconductors:

Aspect N-Type
| Impurity added | Pentavalent (Group V-A) e.g.
Phosphorus
Majority carriers | Free electrons
| Minority carriers | Holes
| Charge of maijority carrier | Negative
| Extra particle | Surplus electron (5th valence
e)
| Example dopant | Phosphorus (P), Arsenic (As)

P-Type
Trivalent (Group IlI-A) e.g.

Boron

Holes
Free electrons
Positive

Vacant spot (hole)

Boron (B), Aluminium (Al)



PKMZ
Silicon ladki wale hain aur unhen teen shadiyan karani
hai voh kahta Hai ka teen ladka lekar aana lekin rishte
wale kahate Hain ki hamare pass char ladka Ham char hi
ladke laenge... Aur Is Tarah Jo ek ladka rah jaega uske
liye kol bahar se electron aaega... To tabhi uski shaadi
ho sakti hai... Yahan bahar se electron aane se ya FIR
andar ek electrons ki Khali jagha reh jai gi ..ek electron
Khaljb® §Byega Yahan holes create honge... Yeh holes
positi@lhonge ..these holes behaves like a positive
charge ..

@ A PN junction is formed by:

A) Joining two metals

B) Joining P-type and N-type semiconductors

C) Doping silicon with two impurities simultaneously

D) Exposing silicon to UV light

Answer? B) Joining P-type and N-type semiconductors
lanation: A PN junction is created when P-type and N-

type semiconductor regions are brought into intimate

contact, At the interface, diffusion of majority carriers

creates the depletion region and built-in electric field,




forming the fundamental structure of diodes and
transistors,

2. The depletion region in a PN junction is?

A) A region with excess charge carriers

B) A region depleted of free charge carriers

C) A region of high current

D) A region with donor atoms only

@Answer: B) A region depleted of free charge carriers
¢Explanation: The depletion region forms at the PN junction
where electrons from the N-side and holes from the P-side
have diffused across and recombined, This leaves behind fixed
fonic charges but no mobile (free) carriers, It is 'depleted’ of
free electrons and holes, acting as an insulating barrier,

2. The built-in potential (contact potential) of a PN junction
is caused bys

A) External battery voltage

B) Diffusion of carriers and formation of depletion region

C) The crystal structure of silicon

D) High temperature

Answer: B) Diffusion of carriers and formation of depletion
region

‘Explanation? When the junction is formed, electrons diffuse
from N to P and holes from P to N due to concentration
gradients, Recombination near the junction leaves fixed
positive ions (N-side) and fixed negative ions (P-side), This
charge separation creates the built-in potential which
opposes further diffusion,

“4; The built-in potential of a silicon PN junction is
approximately?

A) 0,1V




B) 0.3V

C) 0,7V

D)5V
@Answens C) 0,7V

Explanationg The built-in potential (contact potential) of

silicon is approximately 0,7 V at room temperature, This is
the voltage that must be overcome by an applied forward bias
before significant current flows,

&. The built=in potential of a germanium PN junction is
approximately?

A) 0. TV

B) 0,3V

ity

D) 0,0 V

AnswersB) 0.3 V

Explanation; Germanium has a smaller band gap (0,67 eV)
than silicon (1,12 eV), resulting in a smaller built=in
potential of approximately 0,3 V, This is why germanium
diodes have a lower forward threshold voltage (~0,3 V)
compared to silicon diodes (~0,7 V),

6, Forward bias of a PN junction means?

A) Positive terminal of battery connected to N-side

B) Positive terminal of battery connected to P-side

C) No battery connected

D) A.C. Signal applied

Answers B) Positive terminal of battery connected to P-side
(Explanation? Forward bias is applied when the positive
terminal of the external battery is connected to the P-side
and the negative terminal to the N-side, This external
voltage opposes the built-in potential, reducing the barrier,



narrowing the depletion region, and allowing majority
carriers to flow,
19 In forward bias, the depletion regions

A) Widens

B) Narrows and eventually disappears

C) Stays the same

D) Fills with electrons

@nswer; B) Narrows and eventually disappears
Explanationd When forward biased, the external electric field
opposes the built=in field of the depletion region, Majority
carriers are pushed toward the junction, injecting carriers
and causing recombination, This narrows the depletion

region until the barrier is overcome and large current flows,
82 In reverse bias, the depletion region?
A) Narrows
B) Widens
C) Stays the same
D) Disappears
(AnswersiB) Widens
Explanation: In reverse bias, the external field adds to the
built=in field, pulling majority carriers away from the
Junction, This widens the depletion region and increases the
potential barrier, further blocking current flow,
2. When a PN junction is forward biased, the currents
P\) Does not flow
B) Flows easily (large current)
C) Is very small
D) Is alternating
tAnswersB) Flows easily (large current)
Explanations.In forward bias, once the applied voltage



exceeds the threshold (0,7 V for Si), the depletion region is
overcome and majority carriers flow freely across the
Junction, The current increases exponentially with voltage
according to the diode equation,

10, When a PN junction s reverse biased, the current:

A) Flows easily

B) Is very large

C) Is very small (almost zero)

D) Alternates direction

Answer; C) Is very small (almost zero)

Explanations Under reverse bias, the depletion region widens
and the potential barrier increases, blocking majority
carrier flow, Only a very small reverse saturation current
(typically nanoamperes for Si) flows, due to minority
carriers being swept across the junction,

11, The small current in reverse bias is due tos

A) Majority carriers

B) Minority carriers crossing the junction

C) Protons moving

D) Magnetic effects

Answer: B) Minority carriers crossing the junction
gExplanations The reverse saturation current is carried by

minority carriers: thermally generated holes in the N-region
and electrons in the P-region, The built-in electric field
(enhanced by reverse bias) sweeps these minority carriers
across the junction,

12, A PN junction acts as a2

A) Transistor

B) Resistor
C) Diode (one-way valve for current)



D) Capacitor

Answer: C) Diode (one-way valve for current)

gExplanation: A PN junction is the basic structure of a diode,
It allows large current in forward bias (low resistance) and
blocks current in reverse bias (high resistance), This
asymmetric, one—directional conduction enables rectification
of alternating current,

13. In the depletion region of a PN junction:

A) There are many free electrons and holes

B) There are no free charge carriers

C) Only electrons exist

D) Only holes exist

(AnsweryB) There are no free charge carriers
ExplanationgiThe depletion region is named because it is
depleted of mobile (free) charge carriers, Electrons and
holes that diffused into this region have recombined, leaving
only fixed ionic charges,

14, The electric field in the depletion region pointss

A) From P-side to N-side

B) From N-side to P-side

C) Parallel to the junction

D) In all directions

Answers B) From N-side to P-side

‘Explanation; The depletion region contains fixed positive fons
on the N-side and fixed negative ions on the P-side, Electric
field lines point from positive to negative charges, .., from
the N-side to the P-side,

15, The process by which electrons diffuse from N-side to P-
side inftially is due to?

A) Electric field



B) Concentration gradient

C) Temperature gradient

D) Magnetic field

Answer? B) Concentration gradient

Explanations Initially, the N-side has a high concentration of
free electrons and the P-side has a low concentration,
According to Fick's Law of diffusion, particles move from
regions of high concentration to low concentration, This
concentration gradient drives electrons from N to P,

16, The I-V characteristic of a PN junction diode shows?

A) Linear relationship in both directions

B) Exponential increase in forward bias and tiny current in
reverse bias

C) Equal current in both directions

D) No current in any direction

(Answer; B) Exponential increase in forward bias and tiny
current in reverse bias

Explanation: The diode’'s I-V curve is highly non—-linear and
asymmetric, In forward bias, after the threshold voltage,
current increases exponentially, In reverse bias, current is
approximately constant at the small reverse saturation
current until breakdown,

1, Breakdown in a reverse-biased PN junction occurs ats?
A) Very low reverse voltage

B) The threshold voltage

C) A sufficiently high reverse voltage

D) Any forward voltage

Answer; C) A sufficiently high reverse voltage
Explanation Reverse breakdown occurs when the reverse
voltage exceeds the breakdown voltage. At this point, the



electric field becomes strong enough to generate new
electron-hole pairs (avalanche) or allow quantum tunnelling
(Zener), causing a Sudden large increase in reverse current,
18. Zener breakdown refers tos

A) Avalanche multiplication of carriers

B) Quantum tunnelling of carriers through a thin depletion
region

C) Thermal destruction of the diode

D) Recombination of carriers

UAnsSweryB) Quantum tunnelling of carriers through a thin
depletion region

Explanation$)Zener breakdown occurs in heavily doped
Junctions with very thin depletion regions, Under high
reverse voltage, quantum mechanical tunnelling allows
valence electrons to tunnel directly through the thin energy
barrier into the conduction band without requiring impact
jonization,

@19s Avalanche breakdown in a PN junction is caused by:

A) Tunnelling effect

B) High—energy carriers colliding and creating new electron-
hole pairs

C) Reverse saturation current

D) Recombination

gAnswersiB) High—-energy carriers colliding and creating new
electron-hole pairs

(Explanation;: Avalanche breakdown occurs when the reverse
electric field accelerates minority carriers to high enough
velocities that they collide with lattice atoms with sufficient
energy to break covalent bonds, generating new electron-
hole pairs — a rapid multiplication (avalanche) effect,



20, The knee voltage (threshold voltage) in forward bias of
silicon is approximatelys

A) 0,3V

B) 0.7V

C) 1,2V

D) 5V
@nswersB) 0.7V
¢Explanation: The knee voltage for silicon is approximately 0,7
\, Below this voltage, negligible current flows because the
built-in potential barrier hasn't been overcome., Once this
threshold is exceeded, the current rises exponentially, For
germanium, the knee voltage is ~0,3 \,
21, A PN junction is used as a rectifier becauses

A) It amplifies signals

B) It allows current to flow in one direction only

C) It stores charge

D) It emits light
gAnswer: B) It allows current to flow in one direction only
Explanation: Rectification {s the conversion of A.C. to D,.C, A
PN junction diode conducts easily in forward bias and blocks
current in reverse bias — it is essentially a one-way switch
for current, When connected to an A,C. source, it allows only
one half of the cycle to pass.

22, In a forward-biased PN junction, majority carrierss

A) Move away from the junction

B) Cross the junction and recombine

C) Are blocked by the depletion region

D) Move into the depletion region and stay

ARSWer? B) Cross the junction and recombine

Explanation? Under forward bias, the reduced potential



barrier allows majority carriers to cross the junctions
electrons from the N-side enter the P-side and holes from
the P-side enter the N-side, Once they cross, they become
minority carriers and eventually recombine with local
maJority carriers,
@239What happens to the width of the depletion region when
forward bias voltage equals the built-in potential?
A) It doubles
B) It becomes zero (junction conducts freely)
C) It widens
D) It stays the same
¢AnswersB) It becomes zero (junction conducts freely)
‘Explanation: When the applied forward voltage equals the
built-1n potential (0,7 V for Si), the external field exactly
cancels the internal field of the depletion region, The
potential barrier is eliminated, the depletion region width
approaches zero, and majority carriers flow freely,
2%, In reverse bias, the majority carriers:
A) Cross the junction easily
B) Are pushed away from the junction, widening the
depletion region
C) Recombine at the junction
D) Tunnel through the depletion region
Pnswens B) Are pushed away from the junction, widening the
depletion region
ExplanationiUnder reverse bias, the external field
reinforces the built-in field, Electrons (majority carriers in
N-type) are attracted toward the positive terminal and move
away from the junction, Similarly, holes (majority in P-type)

move away from the junction,



@5, The reverse saturation current (I,) in a PN junction
diode is?
A) Very large
B) Zero
C) Very small and relatively temperature-dependent
D) Equal to the forward current
AnswersiC) Very small and relatively temperature-dependent
Explanations The reverse saturation current I, is extremely
small (picoamperes to nanoamperes for Si) because it
depends only on thermally generated minority carriers,
However, I, approximately doubles for every 10°C rise in
temperature,
@265Light-emitting diodes (LEDs) are based on3
A) Avalanche breakdown
B) Recombination of electrons and holes releasing photons at
forward-biased PN junction
C) Reverse bias operation
D) Photoelectric effect
Answers B) Recombination of electrons and holes releasing
photons at forward-biased PN junction
Explanation? In a forward-biased PN junction, electrons
crossing from N to P recombine with holes, In direct band gap
semiconductors (like GaAs, GaN), this recombination releases
energy as photons (light). The wavelength (colour) of
emitted light depends on the band gap energy.
21, Photodiodes operate in:
A) Forward bias
B) Reverse bias
C) Zero bias with no external voltage
D) Both forward and reverse bias simultaneously



AnswersiB) Reverse bias
ExplanationgPhotodiodes are operated under reverse bias,
Incident light generates electron-hole pairs in the depletion
region, The built-in electric field (enhanced by reverse bias)
sweeps these carriers apart, creating a photocurrent
proportional to light intensity,

28 The diffusion current in a PN junction flows?

A) From N to P due to minority carriers

B) From P to N due to majority carrier diffusion

C) Only under external voltage

D) Only in reverse bias
(AnSWery B) From P to N due to majority carrier diffusion
- Explanatio
moving down their concentration gradients; electrons
diffuse from N (high) to P (low), and holes diffuse from P
(high) to N (low). The net diffusion current flows from P to N
inside the junction,

29, The drift current in a PN junction is caused bys

A) Majority carrier diffusion

B) Minority carriers swept by the electric field in the

as Diffusion current is caused by majority carriers

depletion region
C) External battery

D) Temperature gradient
\nswers B) Minority carriers swept by the electric field in
the depletion region
Explanations Drift current is due to minority carriers being
'_Swept across the Junction by the built=in electric field,
Minority electrons on the P-side are swept to the N-side, and
minority holes on the N-side are swept to the P-side,

30, At equilibrium (no external voltage), the net current




across a PN junction is?

A) Maximum

B) Equal to diffusion current

C) Zero

D) Equal to drift current

Answer; C) Zero

Explanation: At equilibrium, the diffusion current (majority
carriers moving down concentration gradient) and drift
current (minority carriers swept by built-in field) are
exactly equal and opposite, The net current across the
Junction is therefore zero,

31, A diode in forward bias has:

A) High resistance

B) Low resistance

C) Infinite resistance

D) Variable resistance that increases with voltage
gAnswer; B) Low resistance

Explanation: In forward bias (above threshold voltage), the
depletion region narrows, the potential barrier is reduced,
and maJjority carriers flow freely, This results in a large
current for a small voltage — the diode has low dynamic
resistance,

32, A diode in reverse bias has:

A) Low resistance

B) High resistance

C) Zero resistance

D) Variable resistance that decreases with voltage
(AnSWer: B) High resistance

Explanation$ In reverse bias, the depletion region widens,
forming a wide insulating barrier, Only the tiny reverse



saturation current (nanoamperes) flows, This gives the
diode very high reverse resistance (megaohms), effectively
blocking current,

33, In half-wave rectification using a PN junction diodes

A) Both halves of A.C, are converted to D,C,

B) Only one half of the A,C, cycle passes through

C) The diode amplifies the signal

D) The output is a pure D,C,

AnSWEr; B) Only one half of the A.C, cycle passes through
Explanation? In a half-wave rectifier, the diode is forward
biased during one half-cycle of the A.C, input (conducts,
passes current) and reverse biased during the other half-
cycle (blocks current), The output is a pulsating D,C,
containing only positive half-cycles,

245 The depletion region in a PN junction is formed due to?
A) External voltage

B) Diffusion of majority carriers across the junction and
recombination

C) Movement of jons from outside

D) Heating the semiconductor

AnsweryB) Diffusion of majority carriers across the
Junction and recombination

Explanation: The depletion region forms spontaneously when
P and N regions are joined, Majority carriers diffuse across
the junction and recombine near the junction, removing free
carriers from the region — leaving a zone depleted of mobile
charges bounded by fixed fonic charges.

35: In a PN junction, donor fons on the N-side and acceptor
jons on the P-side near the junction are:

A) Mobile and free to move



B) Fixed in the crystal lattice and create an electric field
C) Neutralized by free carriers
D) Converted to neutral atoms

@AnsweryB) Fixed in the crystal lattice and create an electric
field
¢Explanations After donor atoms on the N-side release their

extra electrons, they become positive ions firmly embedded in
the crystal lattice — they cannot move, Similarly, acceptor
fons on the P-side are negative and fixed, These immobile
fixed charges create the built-in electric field of the
depletion region,

Answer: A PN junction 1s formed when P-type and N-type
semiconductor materials are joined together, At the
Junction, free electrons from the N-side diffuse into the P-
side and recombine with holes, leaving behind fixed positive
and negative ions that create a depletion region and a built-
in electric field,

@2, Explain the formation of the depletion region,

©Answer: When P and N semiconductors are joined, electrons
diffuse from N-side to P-side (and holes from P to N) due to
concentration gradients, Recombination near the junction
removes free carriers, leaving fixed fonic charges, This
carrier—depleted zone is called the depletion region, It has a
built=in electric field that eventually stops further diffusion,
@3, What is forward bias and what happens to the depletion
region?



@nswenrs Forward bias occurs when the positive terminal of a
battery is connected to the P-side and the negative terminal
to the N-side. This reduces the built-in potential, narrows
the depletion region, and allows majority carriers to cross
the junction, resulting in a large current flow,

@4, What is reverse bias and what happens to current flow?
Answers Reverse bias occurs when the positive terminal is
connected to the N-side and the negative terminal to the P-
side, This increases the built-in potential and widens the
depletion region, preventing majority carriers from
crossing. Only a tiny reverse saturation current due to
minority carriers flows,

@5, Explain why a PN junction acts as a diode (rectifier),
ARSWEr? A PN junction allows significant current flow only in
forward bias (low resistance) and blocks current in reverse
bias (high resistance). This one-directional conduction
property allows it to convert alternating current (A.C.) to
direct current (D.C.), functioning as a rectifier,

106, What is the built-in potential of a PN junction?

“Answer? The built-in potential (contact potential) is the
potential difference established across the depletion region
due to the fixed ionic charges, It opposes further diffusion
of majority carriers, For silicon, it is approximately 0,7V,
and for germanium, approximately 0,3 V,

QT, Distinguish between diffusion current and drift current
in 2 PN junction,

Answer; Diffusion current is caused by majority carriers
moving from high to low concentration across the junction
(electrons from N to P, holes from P to N), Drift current is
caused by minority carriers swept across the junction by the



built-in electric field, At equilibrium, these two currents are
equal and opposite, giving zero net current,
1@8. What is reverse breakdown in a PN junction?

Answer: Peverse breakdown occurs when the reverse voltage

is large enough to cause a sudden large increase in reverse

current, It can happen via Zener breakdown (quantum

tunnelling in heavily doped, thin depletion region junctions)

or avalanche breakdown (high—-energy minority carriers

collide with atoms, generating new electron-hole pairs).
@9, How does a PN junction diode work as a half-wave

rectifier?

Answer: In a half-wave rectifier, the diode is placed in series

with an A,C, source and a load resistor, During the positive

half-cycle, the diode is forward biased and current flows,

During the negative half-cycle, the diode is reverse biased

and blocks current, The output is a pulsating D.C. with only

positive half-cycles,

@10y Describe the I-V characteristics of a PN junction diode,
gAnswenrs In forward bias, negligible current flows until the
threshold voltage (~0.7 V for Si), after which current
increases exponentially, In reverse bias, only a very small
reverse Saturation current flows until the breakdown
voltage is reached, at which point current increases sharplys.
The characteristic shows the diode’s rectifying property
clearly,



Characteristics of Diode Under Biasing

When a diode is connected across an electric supply, then it is
sald to be under biasing, A diode allows current to flow in
only one direction, so a diode acts as a perfect insulator for
current flowing in one direction and as a perfect conductor
for currents flowing through it in the other direction,

1) Forward Biased

The biasing in which the diode allows current to flow is called
Forward Biased, When the positive terminal of DC source is
connected to P-type and negative terminal is connected to N-
type semiconductor of a PN junction, the junction is said to
be in forward biased,

Details In this circuit, the holes in the P-side, being
positively charged particles, are repelled from the positive
bias terminal and driven towards the junction, Similarly, the
electrons on the N-side are repelled from the negative bias
terminal and driven towards the junction,

The result is that the depletion region is reduced in width
and the barrier potential is also reduced, Once the potential
barrier is reduced by the forward voltage, a conducting path
is established for flow of current, The electrons and holes
combine causing the current to pass through the junction,
This current is called forward current and it is of the order
of a few milliamperes (mA),
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2) Reverse Biased

When the negative terminal of DC source is connected to P-
type and positive terminal is connected to N-type
semiconductor of PN junction, the junction is said to be in
reverse biased, The biasing in which current is resisted is
called reverse bias, In a reverse bias, diode current is
blocked.

Details In the reverse biased connection, holes in the N-side
are forced to the left while electrons in P-side are forced to
the right, This results in an empty zone around the PN
Junction that is free of charge carriers, creating a wider
depletion region, This depletion region acts as an insulator
so no current flows through the junction due to majority
charge carriers,

Only a small amount of current of the order of a few
microamperes (uA) flows due to minority charge carriers,

The small current is known as reverse or leakage current,
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I1-V Characteristic Curve

In the current (I) versus voltage (V) graph for a PN
Junction, it can be seen that in the forward bias region,
current and voltage are positive, When the forward voltage
is less than V,, the forward current is nearly zero so the
diode does not conduct. When the forward voltage is equal to
Vo4 the diode starts to conduct,

In the reverse bias region, current and voltage are
negative, AS reverse bias voltage is raised, depletion region
width increases and a point comes when the junction breaks
down, This results in large flow of current,

Potential barriers 0,2V for Germanium | 0,7V for Silicon

F s
4




Comparison: P-Type vs N-Type in PN Junction

Property P-Type Side N-Type Side

Maijority carriers Holes Electrons

Fixed ions after diffusion Negative ions Positive ions

Direction of electric field Receives field Source of field (N — P)

Potential barrier contribution = Lower potential Higher potential
Note?

Forward bias mein positive terminal P-type se connect
hota hai — current flow karta hai, depletion region choti
hoti hal. Reverse bias mein negative terminal P-type se
connect hota hai — current block hoti hai, depletion region
bari hoti hai, Yaad rakho¢ Forward = current ON, Reverse
= current OFF, Sirf minority carriers ki wajah se thori si
leakage current aati hai,
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Note?

PN Junction mein P-type aur N-
type ko milaya jata hai, Junction pa
electrons aur holes milte hain aur
recombine ho jate hain — yeh
depletion region banata hai, Yeh
region current flow rokti hai, Si ka
barrier 0,7V aur Ge ka 0,3V hota hai,
Yad rakhog PN junction sirf ek taraf
current flow karne deta hai.,

——

PKMZ;

Reverse bias

Ab dekhp hamare America wale rishtedar Hain voh chahte
Hain ki Ham America Na Aaye voh hamen rokane ki puri
koshish karenge lekin ab agar voh Pakistan a gaye hain to
Pak|stan ke sare log America chale jaenge America bhag

) e Jiski vajah se America tabarbao barbad ho jaega ...




gk; The I-V characteristic of a diode fn forward bias showss
A) Linear increase of current with voltage

B) Exponential increase of current after threshold voltage
C) Constant current regardless of voltage

D) Decreasing current with increasing voltage

Answers B) Exponential increase of current after threshold
voltage

Explanationd The forward I-V characteristic is described by
the Shockley diode equations I =1,(e"(qV/kT) — 1), Below the
threshold voltage (~0,7 V for Si), negligible current flows,
Once the threshold is exceeded, the current rises
exponentially with voltage, giving the characteristic sharp
'knee’ shape on the I-V graph,

2: The threshold (cut-in) voltage for a silicon diode is
approximatelys

A) 0,1V

B) 0.2V

C) 0,7V

D) 1.5V

AnswersC) 0,7V

Explanations,The threshold voltage of a silicon diode is
approximately 0,7\, This {s the forward voltage at which the
depletion region potential barrier is overcome and
significant current begins to flow, Germanium diodes have a
lower threshold of ~0,3 V due to their smaller band gap.

3. The threshold (cut-in) voltage for a germanium diode is
approximately?

A) 0TV



B) 1.1V

C) 0,3V

D)o,1V

@Pnswers C) 0,3 V

(Explanations Germanium has a smaller band gap (0,67 eV)
than silicon (1,12 eV), resulting in a lower built-in potential
and hence a lower threshold voltage of ~0,3 V, This makes
germanium diodes more sensitive to small forward voltages
but also more susceptible to leakage current at higher
temperatures,

4 In the reverse bias region of an ideal diode I-V curve, the
current isg

A) Large and proportional to voltage

B) Zero

C) Equal to the forward current

D) Exponentially increasing

tAnswer: B) Zero

Explanation: An ideal diode is a perfect one-way conductors
it passes current freely in forward bias and allows absolutely
zero current in reverse bias, In reality, a very small reverse
saturation current I, flows due to minority carriers, but the
ideal model assumes this to be exactly zero for simplification,
g5 The reverse saturation current I, in a real diodes

A) Is very large

B) Increases with temperature

C) Decreases with temperature

D) Is independent of temperature

Pnswers B) Increases with temperature

gExplanations, The reverse saturation current 1, is



determined by thermally generated minority carriers, Since
more minority carriers are generated at higher
temperatures, I, increases significantly with temperature —
approximately doubling for every 10°C rise,

6 The dynamic (AC) resistance of a diode in forward bias is¢
A) Very high (megaohms)

B) Very low (a few ohms)

C) Infinite

D) Equal to the static resistance

PAnswenriB) Very low (a few ohms)

Explanation: The dynamic resistance (rd) is defined as rd =
dV/dI at a given operating point, In forward bias (above
threshold), the current increases steeply with a small change
in voltage, giving a very low dynamic resistance (typically a
few ohms).,

Te The static (DC) resistance of a diode is defined as?

A) dV/dL at the operating point

B) V/1 at the operating point

C) The reciprocal of transconductance

D) The slope of the I-V curve

Answers B) V/I at the operating point

@ Explanations Static (DC) resistance is simply Ohm's law
applied to the operating points R = V/I, It is NOT the slope of
the curve (that would be dynamic resistance), Because the I-
V curve is non-linear, static resistance varies with the
operating point,

8. In the forward bias I-V characteristic, the 'knee' of the
curve represents?

A) The breakdown voltage

B) The reverse saturation current



C) The threshold voltage where current starts to increase
sharply

D) The maximum rated current
@AnswersC) The threshold voltage where current starts to
increase sharply

Explanation; The knee’ of the forward I-V curve is the point
where the curve bends sharply upward — the threshold
voltage., Below the knee, the diode resistance is high and
very little current flows, Above the knee, resistance drops
dramatically and current increases exponentially.

9. When a diode is forward biased beyond the threshold
voltage, its resistance?

A) Increases rapidly

B) Remains constant

C) Decreases to a very low value

D) Becomes infinite

Answers C) Decreases to a very low value

Explanation: Above the threshold voltage, the depletion
region narrows Significantly and the built=in barrier is
largely overcome, Majority carriers flow freely across the
Junction, The diode resistance drops to a very low value
(typically a few ohms), limited mainly by the bulk resistance
of the semiconductor material,

10, In reverse bias, the width of the depletion region?

A) Decreases with increasing reverse voltage

B) Increases with increasing reverse voltage

C) Remains constant

D) First increases then decreases
Answers B) Increases with increasing reverse voltage
Explanation: As reverse bias voltage increases, majority



carriers are pulled further from the junction, removing
more carriers from the junction region and widening the
depletion zone, The width W of the depletion region is
proportional to v(V_bi + V_R), where V_R is the reverse
voltage.

11, The Shockley diode equation is?

A) I=1,(e"(qV/nkT) + 1)

B) I=1,(e"(qV/nkT) - 1)

C) I=V/R

D) I = LoV

AnswersB) I = I,(e"(qV/nkT) - 1)

Explanation: The Shockley equation I =I,(e"(qV/nkT) - 1)
describes the I-V relationship of a PN junction diode, where
I, IS reverse saturation current, q is electron charge, V is
applied voltage, n is the ideality factor (1-2), k is
Boltzmann's constant, and T is absolute temperature,

12, The ideality factor 'n in the diode equation is typically:
A) O

B) Between 1 and 2

C) Greater than 10

D) Negative

AnswersB) Between 1 and 2

Explanation: The ideality factor n accounts for
recombination in the depletion region, For ideal diodes with
only diffusion current, n = 1, When recombination in the
depletion region is significant, n approaches 2, Real silicon
diodes typically have n between 1 and 2,

23, The thermal voltage VT at room temperature (300 K) is
approximately?

A) 0TV



B) 1,12\

C) 26 mV

D) 100 mV
Answers C) 26 mV
UExplanation®The thermal voltage VT = kT/q, where k =
1,38x10-22 J/K, T = 300 K, and q = 1,6x10-22 C, Calculating:
VT = (1,38x10-23 x 300) / (1,6x10-19) % 0,026 V = 26 mV,
@14, At large reverse bias (before breakdown), the diode
current is approximatelys
A) Zero

B) Equal to I, (reverse saturation current)
C) Equal to forward current

D) Infinitely large
Answer: B) Equal to I, (reverse saturation current)
Explanationd At large reverse bias, the Shockley equation
gives Ix1,(0 - 1) = -I,, The current saturates at -1,
(reverse saturation current), Increasing the reverse
voltage beyond a few times VT doesn't significantly increase
the current until breakdown,

15, The forward voltage drop across a conducting silicon
diode is approximately:

A) OV

B) 0.3V

Cla. TV

D)5V
@nswers C) 0,7V
¢Explanation: When a silicon diode is forward biased and
conducting current, the voltage across it is approximately

constant at 0,7\, In circuit analysis, a conducting silicon
diode is often modelled as a 0,7 V battery in series with a



small resistance, For germanium, V_F & 0,3\,

1621n the I-V characteristic, reverse breakdown appears as:
A) A gradual decrease in current

B) A sudden sharp increase in reverse current at breakdown
voltage

C) A gradual increase in forward current

D) No change in current
CAnswer: B) A sudden sharp increase in reverse current at
breakdown voltage
Explanations On the reverse bias portion of the I-V curve,
the tiny reverse saturation current remains nearly constant
until the breakdown voltage is reached, At this point, the
curve shows a sharp, nearly vertical increase in reverse
current — the breakdown region,

1. Which of the following correctly describes the 1-V
characteristics in the breakdown region?

A) Voltage increases while current stays constant

B) Current increases sharply while voltage remains
approximately constant

C) Both current and voltage decrease

D) The diode stops conducting
JAnswer: B) Current increases sharply while voltage remains
approximately constant

Explanation: In the breakdown region, large increases in
current occur with very little change in voltage., The
breakdown voltage VBRA remains relatively stable, which is
exploited in Zener diodes for voltage regulation,

18. The forward characteristic of a diode shifts with
temperature becauses?
A) The band gap increases with temperature



B) The threshold voltage decreases by approximately 2 mV/°C
as temperature rises

C) The reverse current decreases

D) The diode melts
PAnswerB) The threshold voltage decreases by approximately
2 mV/°C as temperature rises

Explanation: As temperature increases, more thermal energy
is available, so electrons can cross the band gap more easily,
The threshold voltage decreases by approximately 2 mV per °C
(=2 mV/°C for silicon), At higher temperatures, the I-V
curve shifts to the left,

19, The reverse breakdown voltage of a Zener diode:

A) 1s always greater than 100 V

B) Can be set precisely by controlling doping levels

C) Cannot be controlled

D) Is the same for all diodes

Answers B) Can be set precisely by controlling doping levels
Explanations Zener diodes are specially manufactured PN
Junction diodes where the doping concentration is carefully
controlled to set the breakdown voltage to a precise, desired
value, Higher doping creates thinner depletion regions,
leading to lower Zener voltages,
220; A diode is said to be ‘ideal’ when?
A) It has a threshold voltage of 0,7 V

B) It has zero forward resistance and infinite reverse
resistance

C) It conducts in both directions equally

D) It has a constant current in both bias conditions
Answers B) It has zero forward resistance and infinite
reverse resistance



Explanationi’An ideal diode is a theoretical device that acts
as a perfect switch: zero resistance (and zero voltage drop)
in forward bias, and infinite resistance (zero current) in
reverse bias, The ideal model simplifies circuit analysis,

2L, The I-V graph of a Zener diode differs from a normal
diode becauses:

A) It has no forward bias characteristic

B) It is designed to operate in the reverse breakdown region
without damage

C) It does not follow the Shockley equation

D) It has no threshold voltage

AnswenB), It is designed to operate in the reverse
breakdown region without damage

Explanation: A Zener diode has the same forward 1-V
characteristic as a normal diode, The key difference is that
it is designed and rated to operate continuously in the
reverse breakdown region without damage, maintaining a
nearly constant voltage (Zener voltage VZ) across it,

22, In a real diode, the bulk resistance causes;

A) The I-V curve to be perfectly exponential at all currents
B) A deviation from the ideal exponential curve at high
forward currents

C) Increased reverse current

D) Lower threshold voltage

Answesx: B) A deviation from the ideal exponential curve at
high forward currents

Explanation: At high forward currents, the voltage drop
across the bulk semiconductor resistance becomes
significant, This causes the I-V curve to deviate from the
pure exponential shape and become more linear at high



currents,

2%. The junction capacitance of a reverse-biased PN
Junction?

A) Decreases as reverse voltage increases

B) Increases as reverse voltage increases

C) Is independent of reverse voltage

D) 1Is zero in reverse bias

gAnswers: A) Decreases as reverse voltage increases
“Explanation? A reverse-biased PN junction behaves like a
parallel-plate capacitor, with the depletion region as the
insulating dielectric, As reverse voltage increases, the
depletion width increases (plates move apart), reducing the
Junction capacitance: C oc 1/v(V_bi + V_R),

24, The diffusion capacitance is associated withs

A) Reverse-biased diodes only

B) Forward-biased diodes due to minority carrier charge
storage

C) The bulk resistance of the semiconductor

D) The thermal voltage

Answer: B) Forward-biased diodes due to minority carrier
charge storage

Explanation: In forward bias, minority carriers are injected
across the junction and stored in the neutral regions, Any
change in forward voltage changes this stored charge, which
behaves like a capacitance — the diffusion capacitance, It
limits the high—frequency performance of forward-biased
diodes,

25; The knee of the reverse characteristic (breakdown) for a
Zener diode is?

A) The same as the forward threshold voltage



B) Sharp, indicating a well-defined, stable breakdown voltage
C) Gradual, indicating poor voltage regulation

D) Not visible on the I-V curve

Answers'B) Sharp, indicating a well-defined, stable
breakdown voltage

Explanation: The reverse breakdown characteristic of a
Zener diode shows a very sharp, well-defined knee at the
Zener voltage VZ, The voltage across the Zener changes
very little with large changes in current — the curve is
nearly vertical at VZ, making Zener diodes effective voltage
regulators,

26, Comparing Silicon and germanium diodess which has
better high-temperature performance?

A) Germanium, because Tts threshold voltage is lower

B) Silicon, because its larger band gap means lower reverse
leakage at high temperatures

C) Both perform equally

D) Neither can operate above room temperature

Answers B) Silicon, because its larger band gap means lower
reverse leakage at high temperatures

Explanation: Silicon's larger band gap (1,12 eV vs 0,67 eV)
means fewer minority carriers are thermally generated at
any given temperature, Germanium diodes become unreliable
at temperatures above ~T0°C due to excessive leakage, while
silicon diodes can operate reliably up to ~150°C,

2a The piecewise linear model of a diode represents it ass

A) An ideal switch only

B) A battery (V_th) in series with a resistance (r_d) and an
ideal switch

C) A pure capacitor



D) A pure inductor

" Answers? B) A battery (V_th) in series with a resistance (r_d)
and an ideal switch

CExplanation® The piecewise linear model approximates the
diode I-V curve with straight-line segments, In forward bias
above threshold; the diode is modelled as a voltage source
V_th (~0,7V for Si) in series with a small dynamic resistance
r_d and an ideal switch, In reverse biass open circuit,

28, In the forward I-V characteristic of a diode, the x-axis
intercept of the linear extrapolation gives:

A) The breakdown voltage

B) The threshold (cut-in) voltage

C) The reverse saturation current

D) The dynamic resistance

(Answer: B) The threshold (cut-in) voltage

Explanation; 1f the steep linear portion of the forward I-V
curve is extrapolated back to the voltage axis (x-axis), the
intercept approximates the threshold (cut-in) voltage. For
Silicong this is ~0,7T V,

29; The 1-V characteristic of a diode is measured bys

A) Applying a fixed voltage and measuring current only at
that point

B) Varying the applied voltage from reverse to forward and
plotting the corresponding current

C) Using only an ohmmeter

D) Measuring resistance at a single frequency

AnswersB) Varying the applied voltage from reverse to
forward and plotting the corresponding current
Explanation: The complete I-V characteristic is obtained by
systematically varying the applied voltage across the full



ranges starting from large reverse bias, through zero bias,
and increasing forward bias, The resulting plot of I vs V
constitutes the characteristic curve,
@B0At V = 0 (zero bias), the current through a PN junction
diode is?

A) Equal to I,

B) Maximum forward current

C) Zero

D) Equal to reverse breakdown current
‘Answers; C) Zero

Explanation: At zero bias, the Shockley equation gives I =
I,(e"0 =1) =1,(1 - 1) = 0, Physically, at equilibrium, diffusion
current and drift current exactly cancel each other,

resulting in zero net current,

31, The reverse saturation current 1, is also called?

A) Threshold current

B) Leakage current

C) Zener current

D) Avalanche current

ghnswens B) Leakage current

Explanations The reverse saturation current I, is commonly
called leakage current because it represents an unwanted
small current that leaks’ through the diode even when it is
reverse biased and should ideally be blocking all current,

32, A conducting silicon diode in a circuit is best modelled as?
A) A short circuit (wire)

B) A 0,7V voltage source

C) An open circuit

D) A1 kQ resistor

AnswergB) A 0,7 V voltage source




Explanation: A conducting silicon diode maintains
approximately 0,7 V across its terminals when forward biased
and carrying current, In circuit analysis, this constant
voltage drop is best modelled as a 0,7 V voltage source with
the positive terminal at the anode.

¥3, The forward voltage drop across a diode increases or
decreases with increasing forward current?

A) Decreases Significantly

B) Increases slightly

C) Remains exactly constant at 0,7V

D) Drops to zero

Answer; B) Increases slightly

ExplanationpWhile the forward voltage is often
approximated as constant at 0,7V, it does increase slightly
with increasing current due to the bulk resistance of the
semiconductor, V increases logarithmically with I, typically
ranging from about 0,6 V at low currents to 0,3 V at high
currents for silicon,

34, The I-V characteristic of a diode {s non-linear becauses
A) The diode is made of two different materials

B) The exponential relationship between current and voltage
as described by the Shockley equation

C) The diode has variable capacitance

D) Ohm's law applies to diodes

WAnRswer: B) The exponential relationship between current
and voltage as described by the Shockley equation
@Explanations The Shockley equation I = I,(e"(qV/nkT) = 1) is
exponential, not linear. The non-linearity arises from the
Boltzmann distribution of carrier energies and the
exponential dependence of carrier injection on applied



voltage.

358 Why is a load line used in diode circuit analysis?

A) To determine the AC frequency response

B) To graphically find the operating point (Q-point) by
intersecting the load line with the diode I-V curve

C) To calculate the breakdown voltage

D) To measure the reverse saturation current

Answers: B) To graphically find the operating point (@-point)
by intersecting the load line with the diode I-V curve
Explanation: A load line is drawn on the I-V characteristic
graph, representing the constraints imposed by the external
circuit, The intersection of the load line with the diode 1-V
curve gives the operating point (Q—point), which specifies
the actual current and voltage of the diode in the circuit,
%6, On the I-V characteristic graph, the slope of the load line
equals?

A) The diode dynamic resistance

B) —1/R_load (negative reciprocal of load resistance)

C) The threshold voltage

D) The reverse saturation current

Answers B) -1/R_load (negative reciprocal of load resistance)
Explanations The load line equationis I = (V_S - V_D)/R,
which rearranges to I = —(1/R)V_D + V_S/R. This is a
straight line with slope —1/R (negative reciprocal of load
resistance). The x—intercept is V_S and the y-intercept is
V_S/R,



@1, Describe the forward bias I-V characteristic of a silicon
Answers In forward bias, negligible current flows until the
threshold voltage of ~0,7 V is reached (the 'knee'), Beyond
this, the current increases exponentially with voltage as
described by the Shockley equation, The curve rises very
steeply, meaning even small increases in voltage above 0,7V
produce large increases in current, The forward voltage drop
“remains approximately 0,7V during conduction,

@2z Pescribe the reverse bias 1-V characteristic of a diode,
Answers In reverse bias, only a very small reverse saturation
current I, (leakage current, ~nA for Si) flows, due to
minority carriers swept across the junction, This current
remains nearly constant regardless of the reverse voltage
magnitude, If the reverse voltage exceeds the breakdown
voltage, the current increases sharply (breakdown region)
While voltage remains approximately constant,

@3, What is the threshold voltage of a diode and what does it
represent physically?

Answer? The threshold voltage (cut-in or knee voltage) is the
minimum forward voltage required for Significant current to
flow — approximately 0,7 V for silicon and 0,3 V for
germanium, Physically, it represents the forward voltage
needed to overcome the built-in potential barrier of the
depletion region, allowing majority carriers to cross the
@onction freely,

@4, Define dynamic resistance of a diode and explain how it
varieswith forward current,

Answers Dynamic resistance rd = dV/dI, the reciprocal of the
slope of the I-V curve at the operating point, It is given by



rd = nVT/1ID, As forward current ID increases, rd decreases
— a diode conducting more current has lower dynamic
resistance, At small currents, rd is large? at large currents,
gedeis very small (a few ohms or less),

@5, How does temperature affect the forward 1-V
éharacteristic of a diode?

Answers As temperature increases, the threshold voltage
decreases by approximately 2 mV/°C, This means at higher
temperatures, the same forward current can flow at a lower
forward voltage — the I-V curve shifts to the left, Also, the
reverse Saturation current I, approximately doubles for
@Very 10°C rise, increasing leakage current,

@6, What is a load line and how is it used to find the
operating point of a diode circuit?

Answers: A load line is a straight line drawn on the diode I-V
characteristic representing the external circuit constraints
(V_S =V_D +I:R), It has slope —1/R, x=intercept V_S, and y-
intercept V_S/R., The intersection of the load line with the
diode I-V curve gives the @-point (operating point), which is
dhepctual diode current and voltage in the circuit,
@faState the Shockley diode equation and identify each term,
Answers I =1,(e"(qV/nkT) — 1), where I = diode current, I, =
reverse Saturation current, q = electron charge (1,6x10-1°
C), V = applied voltage, n = ideality factor (1-2), k =
Boltzmann's constant (1,328x10-23 3/K), T = absolute
temperature (K), Positive V gives large forward current;
negative V gives -1, (reverse saturation),

@3, Compare the I-V characteristics of silicon and
germanium diodes,

Answers: Both have qualitatively similar I-V characteristics,



but silicon has a threshold voltage of ~0,7 V while germanium
has ~0,3 V, Silicon has lower reverse leakage current and
better high—-temperature performance due to its larger band
gap. Germanium IS more sensitive to small forward voltages
gand temperature changes,

Q9. What happens to the I-V characteristic at reverse
Answer: At the breakdown voltage (VBR), the reverse
current increases sharply (nearly vertically on the I-V
graph) while the voltage remains approximately constant,
This is due to either avalanche multiplication (high—energy
carrier impact fonization) or Zener tunnelling, In Zener
diedes, this region is exploited for voltage regulation,

@10, What is the difference between static resistance and
sdygnamio resistance of a diode?

Answer; Static (DC) resistance = V/I at a given operating
point — the ratio of total voltage to total current, Dynamic
(AC) resistance = dV/d1 — the ratio of a small change in
voltage to the resulting small change in current, i.e.q the
slope of the I-V curve at that point, They differ because the
I-V relationship is non-linear, Dynamic resistance is more
relevant for AC signals



Light Emitting Diode (LED)
Light emitting Diode is a special type of diode that gives off
light when current passes through it in the forward
direction, Most diodes are made from gallium arsenide
phosphide (GaAsP) and gallium Phosphide (GaP). A light-
emitting diode (LED) is a type of semiconductor device that
converts electrical energy into light energy, When a current
passes through an LED, it emits light due to the
recombination of electrons and holes in the semiconductor
material,

Working of LED?

In LED, when the LED is forward biased, the potential barrier
is lowered, The electrons from n-region cross this barrier
and enter the p-region, These electrons fall into holes; they
fall from higher energy level to lower energy level, In this
process, they emit energy, This phenomenon is known as
electroluminescence, LED is enclosed with a transparent
cover to view emitted light,

[Diagrams LED structure showing p—type region, active
region, n—type region, and emitted light — add manually]

Applications of LED3

1), Decorative lamps — due to their energy efficiency and
color versatility.

2), Optical communication — for transmitting data as light
Signals,



3). Display devices — for screens and indicators,
4), Resistance circuits — connected in series with a resistor

for current limiting,
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“MC@s
i, An LED emits light due to?
A) Thermionic emission
B) Recombination of electrons and holes releasing photons
C) Photoelectric effect
D) Avalanche breakdown
Answer? B) Recombination of electrons and holes releasing
photons
Explanation: In a forward-biased LED, electrons from the N-
region cross the junction into the P-region and recombine
with holes, In direct band gap semiconductors (like GaAs,
GaN, GaP), this recombination releases energy as a photon
(light), The wavelength of emitted light is determined by the
band gap: E = hf = hc/\. This process is called
electroluminescence,
2, The colour of light emitted by an LED depends ong
A) The forward current through it
B) The reverse voltage applied
C) The band gap energy of the semiconductor material
D) The size of the LED
Answers: C) The band gap energy of the semiconductor
material
TExplanation: The energy of emitted photons equals the band
gap energys E = hf, so A = h¢/E_g. A larger band gap produces
higher—frequency light — blue or violet, A smaller band gap
produces lower-frequency light — red or infrared, Different
semiconductor materials (GaAs, GaN, GaP, InGaN) are used to



produce different colours,

3, LEDs are made from?

A) Indirect band gap semiconductors like silicon

B) Direct band gap Semiconductors like GaAs and GaN

C) Pure metals

D) Insulating materials

Answens B) Direct band gap semiconductors like GaAs and GaN
Explanations LEDS require direct band gap semiconductors
where electrons can recombine with holes and release energy
directly as photons without needing phonon assistance.
Silicon and germanium have indirect band gaps — electron-
hole recombination in them produces heat rather than light,
making them unsuitable for LEDs,

4; The forward voltage drop across a typical LED is?

A) 0.3 V

B) 0.7V

C) 1.5-2:.5V

D)12V

Answer? C) 1,5-3.5V

Explanations, EDs have higher forward voltage drops than
ordinary Silicon diodes because they are made from materials
with larger band gaps needed to emit visible light, The
voltage drop corresponds to the photon energys V_F=E_g/q,
For red LEDs (~1,3-2,1 V), green (~2,0-2,5 V), blue (~2,7-3.5
V). The 0,7V figure applies only to Silicon diodes,

¢5. An LED must be connected in?

A) Reverse bias to emit light

B) Forward bias to emit light

C) Either bias

D) Zero bias



Answer: B) Forward bias to emit light

E-x-plﬂnﬁﬁomﬁ For an LED to emit light, it must be forward
biased so that majority carriers are injected across the
Junction and can recombine, In reverse bias, carriers are
pulled away from the junction and no recombination occurs,
so no light is emitted, Excessive reverse voltage can destroy
the LED,

62 Which semiconductor material is used for making blue
LEDs?

A) Gallium arsenide (GaAs)

B) Gallium phosphide (GaP)

C) Gallium nitride (GaN)

D) Germanium (Ge)

Answens C) Gallium nitride (GaN)

Explanation$iGallium nitride (GaN) has a large direct band
gap of ~3.4 eV, which corresponds to blue light wavelength
(~450-4T5 nm), The development of high-brightness blue
LEDS using GaN won the 2014 Nobel Prize in Physics, Blue
LEDs are also essential for white LEDs and Blu-ray
technology.

7¢ Which semiconductor materfal is commonly used for
infrared LEDs?

A) Gallium nitride (GaN)

B) Gallium arsenide (GaAs)

C) Silicon carbide (SiC)

D) Zinc sulphide (ZnS)

Answers B) Gallium arsenide (GaAs)

Explanations Gallium arsenide (GaAs) has a direct band gap of
~1,42 eV, corresponding to near-infrared light (~370 nm
wavelength)., GaAs LEDs are widely used in TV remote



controls, optical fibre communication, and other infrared
applications,

8. The intensity of light emitted by an LED is approximately
proportional to:

A) The square of the applied voltage

B) The forward current through it

C) The reverse voltage

D) The temperature

Answery B) The forward current through it

Explanation: The number of photons emitted per unit time is
directly proporti’onal to the number of electron-hole
recombinations per unit time, which is proportional to the
forward current, Doubling the current approximately doubles
the light output, This linear relationship is used to control
LED brightness through pulse-width modulation (PWM),

9. Compared to conventional incandescent bulbs, LEDs are:
A) Less efficient and shorter-lasting

B) More energy-efficient and longer-lasting

C) Equally efficient but shorter-lasting

D) More efficient but produce less light

AnsSwery B) More energy-efficient and longer-lasting
Explanationsil EDs convert electrical energy directly into
light with very high efficiency (up to 50-30 Im/W), compared
to incandescent bulbs (~15 Im/W), They also have much longer
lifespans (typically 25,000-50,000 hours vs ~1,000 hours for
incandescent), LEDS produce minimal heat waste compared to
incandescent bulbs that release ~90% of energy as heat,

10, White LEDs are typically made bys

A) Combining red, green, and blue LEDs, or coating a blue LED
with phosphor



B) Using silicon as the semiconductor

C) Operating in reverse bias

D) Using a very large band gap insulator

Answers A) Combining red, green, and blue LEDs, or coating a
blue LED with phosphor

Explanation: White light can be produced two ways: (1)
Combining red, green, and blue LEDS whose mixed light
appears white, or (2) more commonly, using a Single blue LED
coated with a yellow phosphor (YAG). The phosphor converts
some blue light to yellow, and the combination appears white.
13, An LED is a3

A) Passive component

B) Active component

C) Purely resistive device

D) Capacitive device

AnRSwer: B) Active component

gExplanations An LED is an active component because it
converts electrical energy into another form of energy
(Iight). Passive components only dissipate, Store, or return
energy without converting it to a different form, LEDs
require a power source to function and are transducers
converting electrical energy to radiant energy,

12, The energy of the photon emitted by an LED is3

A) Greater than the band gap energy

B) Equal to the band gap energy

C) Less than the band gap energy

D) Independent of the band gap

Answer; B) Equal to the band gap energy

Explanationt When an electron recombines with a hole, it
falls from the conduction band to the valence band, losing



energy equal to the band gap energy E_g, This energy is
released as a photon with E_photon = E_g = hf = hc/lambda,
Hence the photon energy equals the band gap energy,
determining the wavelength and colour of emitted light,

13, A red LED typically uses

A) GaN

B) GaAs or GaAsP (gallium arsenide phosphide)

C) Silicon

D) Germanium

Answer: B) GaAs or GaAsP (gallium arsenide phosphide)
Explanation: Red LEDs use gallium arsenide phosphide
(GaAsP) or aluminium gallium arsenide (AlGaAs) with band
gaps corresponding to red light wavelengths (~620-750 nm),
By adjusting the phosphorus—to—-arsenic ratio in GaAsP, the
band gap and emission wavelength can be tuned from
infrared through red and orange,

14, Why can't silicon be used to make efficient LEDS?

A) Silicon's band gap is too large

B) Silicon has an indirect band gap, so recombination
produces heat rather than light

C) Silicon 1s too expensive

D) Silicon conducts too much current
sAnswers B) Silicon has an indirect band gap, So recombination
produces heat rather than light
CExplanation: Silicon has an indirect band gap, meaning the
conduction band minimum and valence band maximum are at
different crystal momentum values. Electron—hole
recombination requires a simultaneous phonon interaction to
conserve momentum, making direct photon emission highly
unlikely, The energy is released as heat instead.



15, LEDs in T-segment displays are used to?

A) Measure light intensity

B) Display numerical digits by selectively illuminating
segments

C) Generate infrared signals

D) Amplify electrical signals

AnswersB) Display numerical digits by selectively illuminating
segments

Explanation; A T-segment display consists of seven LED
segments arranged in the shape of the digit 3, By forward
biasing specific combinations of segments, any digit (0-9)
and some letters can be displayed, They are widely used in
digital clocks, calculators, and measuring instruments,

16. The maximum reverse voltage an LED can withstand is
typicallys

A) Very high (>100 V)

B) Very low (5 V or less)

C) The same as for silicon diodes

D) Equal to the forward voltage

(Answer: B) Very low (5 V or less)

Explanation; LEDs have very low reverse breakdown voltages,
typically only 5V or less, This is because they are optimized
for light emission (forward operation) rather than reverse
voltage blocking. In AC circuits, a protective diode is often
connected in reverse parallel with the LED to protect it from
reverse voltage,

17, The efficiency of an LED is measured by itss

A) Current gain

B) Quantum efficiency (photons emitted per electron
injected)



C) Voltage amplification

D) Thermal resistance

Answer: B) Quantum efficiency (photons emitted per
electron injected)

Explanationsil ED efficiency is characterized by quantum
efficiency — the ratio of photons emitted to electron—hole
pairs that recombine, Internal quantum efficiency (IQE)
measures recombinations that produce photons vs those that
produce heat, External quantum efficiency (EQE) also
accounts for photons that actually escape the device.

18, LEDs are used in optical fibre communications becauses
A) They emit X-rays for long-distance transmission

B) They can be modulated at high frequencies and emit
infrared light compatible with fibre optics

C) They emit sound waves

D) They operate at very high voltages

sPnswers: B) They can be modulated at high frequencies and
emit infrared light compatible with fibre optics
Explanation: LEDS are used as light sources in optical fibre
communication becauses (1) they emit infrared light at
wavelengths where optical fibres have low attenuation; (2)
they can be switched on and off at very high frequencies for
high-speed data transmission; (3) they are compact and
reliable,

19, When an LED is operated at excessively high current:
A) It emits more efficiently

B) It can overheat and be permanently damaged

C) Its colour changes to blue

D) It starts emitting UV light

Answers B) It can overheat and be permanently damaged



Explanation: Excessive current causes excessive heat
generat‘ions‘in the LED junction, This can degrade the
semiconductor material, cause bond wire failure, or melt the
encapsulant, LEDS must be operated within their rated
current (typically 10-30 mA for small LEDS) using a current-
limiting resistor,

20, A series resistor is connected with an LED in order tos
A) Increase the brightness

B) Limit the current to a safe operating level

C) Provide reverse bias protection

D) Increase the voltage across the LED

Answer: B) Limit the current to a safe operating level
Explanation: Since an LED is a low-resistance device in
forward bias, without current limiting the current would
rise to dangerous levels, A series resistor R = (V_supply -
V_LED) / 1_desired limits the current to the desired safe
operating value, Without it, the LED would draw excessive
current and burn out immediately,

21, LEDs emit:

A) Coherent light (laser light)

B) Incoherent (spontaneous) light

C) White light only

D) X-rays

Answers B) Incoherent (spontaneous) light

Explanation: Standard LEDs emit incoherent light through
spontaneous emission — individual electron-hole
recombinations emit photons at random phases and slightly
different directions and frequencies, This is unlike laser
diodes, which emit coherent light through stimulated
emission where photons are in phase and highly directional,



22, Which of the following is an advantage of LEDs over
incandescent bulbs?

A) LEDs produce more heat

B) LEDs have a shorter lifespan

C) LEDs consume less power for the same light output

D) LEDs are cheaper to manufacture

(Answer; C) LEDs consume less power for the same light
output

Explanations LEDs are far more energy—efficient than
incandescent bulbs, An incandescent bulb converts only about
5-10% of electrical energy into visible light, with ~90%
wasted as heat, A high—quality LED can convert 40-60% or
more of electrical energy into light, using 15-30% less
energy for the same luminous output,

23, The principle of operation of an LED involves:

A) Photoelectric effect

B) Electroluminescence

C) Thermoluminescence

D) Bioluminescence

Answers B) Electroluminescence

Explanation: Electroluminescence is the emission of light in
response to the passage of an electric current, In an LED,
the electric current drives electron-hole recombination at
the forward-biased PN junction, releasing photon energy.
This is distinct from thermoluminescence (heat),
photoluminescence (absorbed photons), and bioluminescence
(chemical reactions).

24, Organic LEDs (OLEDs) differ from conventional LEDS in
that:

A) They use inorganic semiconductors



B) They use organic (carbon-based) compounds as the
emitting material

C) They do not emit visible light

D) They require reverse bias to operate

PAnswers B) They use organic (carbon-based) compounds as
the emitting material

Explanation; OLEDS use organic molecules or polymers as the
electroluminescent material instead of inorganic crystals
like GaAs or GaN, They can be made very thin and flexible,
emit light across the entire surface, and are used in high-
quality smartphone and TV screens,

25, A photodiode and an LED are similar in structure but
different ing

A) Their semiconductor material

B) Their mode of operations LED converts electricity to light,
photodiode converts light to electricity

C) Their forward bias behaviour

D) The number of junctions they contain

Answer: B) Their mode of operations LED converts electricity
to light, photodiode converts light to electricity
ExplanationsBoth devices are PN junction diodes, However,
they operate in opposite modes; an LED (forward biased)
converts electrical energy into light through
electroluminescence, A photodiode (reverse biased) converts
light energy into electrical current, They are essentially
reverse processes of each other,

26. The wavelength of light emitted by an LED can be
calculated using?

A) lambda = hf

B) lambda = hc/E_g



C) lambda = qV/c

D) lambda =E_gx ¢

Answers B) lambda = hc/E_g

Explanation: The emitted photon has energy equal to the
band gaps E_g = hf = hc/lambda, Rearranging: lambda = hc/
E_g, where h = 6,63x10"-34 3,5, c = 3x10°8 m/s, and E_g is
the band gap in Joules, For GaAs with E_g = 1,42 eV; lambda =
approx 373 nm (infrared),

21, What limits the maximum operating frequency of an LED?
A) The band gap energy

B) The carrier lifetime — how quickly injected minority
carriers recombine

C) The supply voltage

D) The size of the LED package

AnswersiB) The carrier lifetime — how quickly injected
minority carriers recombine

Explanation: The maximum modulation frequency of an LED is
limited by the minority carrier lifetime, The LED cannot be
switched faster than the carriers can recombines £ max =1/
(2pi*tau), For standard LEDs, tau is on the order of
nanoseconds, giving maximum frequencies of tens to
hundreds of MHz,

28, LEDs used in TV remote controls emits

A) Visible red light

B) Visible blue light

C) Infrared radiation

D) Ultraviolet radiation
@Answer: C) Infrared radiation

Explanation? TV remote controls use infrared (IR) LEDs,
typically made from GaAs or AlGaAs, emitting at wavelengths



around 350-950 nm — invisible to the human eye, The remote
control encodes commands as pulses of IR light, which the
TV's IR receiver detects.

29, The forward current rating of a typical small signal LED
IS approximately?

A) 1A

B) 100 mA

C) 10-320 mA

D) 1 kA

Answer: C) 10-30 mA

Explanation: Standard small signal LEDs are rated for
continuous forward currents of typically 10-30 mA,
Exceeding this rating causes excessive heating and
permanently damages the device. High—power LEDS can
handle much higher currents but require heatsinking.

30, Green LEDs are typically made from¢

A) Pure silicon

B) Gallium nitride (GaN) or indium gallium nitride (InGaN)

C) Germanium

D) Silicon carbide only

Answer: B) Gallium nitride (GaN) or indium gallium nitride
(InGaN)

gExplanation: Modern high-brightness green LEDs use indium
gallium nitride (InGaN) or gallium nitride (GaN) with band
gaps tuned to emit at ~520-560 nm (green wavelength), The
indium content in InGaN adjusts the band gap — more indium
gives a smaller gap and longer wavelength,

31, When designing an LED circuit with a 5 V supply and an
LED with V_F =2V and I_F = 20 mA, the series resistor value
should bes



A) 250 ohm
B) 100 ohm
C) 150 ohm
D) 3250 ohm
Answers C) 150 ohm
Explanation: Using Kirchhoff's voltage laws V_R = V_supply -
V_LED = 5 -2 =3V, The series resistance R = VRA/IF=3V
/ 0,020 A = 150 ohm, This resistor limits the current to 20
mA, protecting the LED from excessive current,
32, The colour of light emitted by an LED cannot be changed
bys
A) Changing the semiconductor material
B) Changing the forward current significantly
C) Changing the doping levels
D) Using a different compound semiconductor
AnsweryB) Changing the forward current significantly
gExplanations The colour (wavelength) of LED light is
determined almost entirely by the band gap energy of the
semiconductor material, This is a fixed material property.
While the brightness changes with current, the colour
changes only very slightly, To change colour, you must use a
different semiconductor material,

‘SRas
81, Explain the principle of operation of an LED,
Answers An LED is a forward-biased PN junction made from a
direct band gap semiconductor, When forward biased,
electrons from the N-region cross the junction into the P-
region and recombine with holes, The energy released during
recombination equals the band gap energy and is emitted as a



photon of light., The wavelength is lambda = hc/E_g. This
process is electroluminescence,

22, Why must LEDs be made from direct band gap
semiconductors?

gAnswer; In direct band gap semiconductors (e.9., GaAs,
GaN), the conduction band minimum and valence band
maximum are at the same crystal momentum, Electron-hole
recombination can occur with direct photon emission, In
indirect band gap semiconductors (e.g.4 Sty Ge), momentum
conservation requires phonon participation, making photon
emission unlikely — energy is released as heat instead,

L3, How does the band gap of an LED material determine the
colour of emitted light?

(Answer? The energy of emitted photons equals the band gaps
E_photon = E_g = hf = hc/lambda, A larger band gap produces
shorter wavelength (higher energy) light — blue/violet, A
smaller band gap produces longer wavelength (lower energy)
light — red/infrared, Different materials are chosen to
achieve specific colourss GaN for blue, InGaN for green,
GaAsP for red,

@4, State three advantages of LEDs over conventional
incandescent bulbs,

ghnswer: (1) Energy efficiency — LEDs convert much more
electrical energy to light (~40-60%) vs incandescent bulbs
(~5-10%), using T5-80% less power, (2) Longer lifespan —
LEDs last 25,000-50,000 hours vs ~1,000 hours for
incandescent, (3) Durability — LEDs are solid—state devices
with no filament, making them more robust and resistant to
vibration and shock.

‘@5, What is the purpose of the series resistor in an LED



circuit?

Answerns The series resistor limits the forward current
through the LED to a safe operating level, Without it, the
small forward resistance of the LED would allow excessive
current, causing overheating and permanent damage, The
resistor value is calculated as R = (V_supply = V_LED) /
I_desired, ensuring the LED operates at its rated current,
Q6. How do you calculate the wavelength of light emitted by
an LED if the band gap energy is known?

gAnswer: Using E_g = hf = hc/lambda, rearrange to lambda =
hc/E_g. Substitute h = 6,63x10"-34 3.5, c = 3x10"8 m/s, and
convert E_g from eV to joules (multiply by 1,6x107-19), For
example, GaN with E_g = 3.4 eVs lambda = (6,63x10"=34 x
3x1078)/ (2.4 x 1,6x10°-19) = approx 365 nm (near UV/violet),
@@", Compare LEDs and photodiodes in terms of construction
and function,

Answersy Both are PN junction devices using Similar
semiconductor materials, Structurally, LEDS are optimized
with transparent packaging to allow light out, while
photodiodes have windows or lenses to allow light in,
Functionally, LEDS convert electricity to light (forward
biased, electroluminescence), while photodiodes convert light
to electricity (reverse biased, photocurrent generation),
They perform opposite energy conversions,

@8, What is electroluminescence?

Answersy Electroluminescence is the emission of light from a
material in response to an electric current or strong electric
field, In an LED, the forward current drives electron—hole
recombinations at the PN junction, and the released energy
is emitted as photons, The wavelength (colour) of emitted



light depends on the band gap of the semiconductor material,
@9s Why do LEDs have a higher forward voltage drop than
ordinary silicon diodes?

Answers The forward voltage drop of a diode corresponds to
the band gap energy: V_F = E_g/q, LEDs are made from
larger band gap materials needed to emit visible light with
photon energies of 1,8-3.5 eV, Silicon diodes have a small
band gap (~1,12 eV, V_F =0,7TV), LED materials like GaN (E_g
= 3.4 eV) give V_F = 3.4 \, Higher photon energy = higher
forward voltage.

@10, Describe two applications of LEDs,

gAnswer: (1) Display and indicatorss LEDs are used in -
segment displays, traffic lights, indicator lights, and large
LED screens for their low power consumption, long life, and
available colours, (2) Optical fibre communications Infrared
LEDs (GaAs) serve as light sources in fibre optic systems,
being modulated at high frequencies to transmit data over
long distances with low signal loss,

@11, What determines the maximum safe operating current
for an LED, and what happens if this is exceeded?

gAnswer: The maximum safe current is determined by the
“thermal properties of the LED — specifically, the junction's
ability to dissipate heat, Exceeding the rated current
(typically 10-30 mA for small LEDS) causes excessive heat at
the junction, leading to degraded luminous efficiency,
accelerated aging of the semiconductor material, bond wire
failure, or complete destruction of the device,



Digital Electronics
Digital electronics is the branch of electronics that deals
with signals which have only two states ON(1) and OFF(0),
This ON/OFF switching is used to build the digital electronics
circuits inside our laptop, computer, GPS system and smart
phones, This is mathematically represented by binary digits 0
and 1, These are also known as Boolean variables, Boolean
algebra is a formal way of describing logical operations,

Converting Analogue Data to Digital

The Analogue to Digital converter (ADC) enables
microprocessors, controlled circuits like Arduinos and
Raspberry, Mostly, analogue signals are converted to
discrete digital signals, Such circuits are known as Analogue
to Digital converters, Whereas Digital to Analogue converter
(DAC) allows to convert discrete digital signal to analogue
signals,

Unit of Data in Computing

As digital circuits work with binary signal which have only
two discrete states, a logic '1' (High) or a logic '0' (Low), Each
digit in a binary (0 or 1) is called a bit, which is an
abbreviation of binary digit,



Informations
The temperature of air varies in a
continuous fashion during 24
hours of a day. If we plot a graph
between temperature and time, we
get a continuous curve, This graph
shows that temperature varies
continuously with time — the air
temperature does not go from T5°F
t0 80°F instantaneously; it takes
ite values in between,
efore, we say that
perature is an analogue

quantity
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11, Digital electronics operates usings

A) Continuously varying (analogue) signals

B) Only two discrete voltage levels representing 0 and 1

C) Signals that vary between -12 V and +12 V continuously

D) Purely mechanical switching systems

ARSWEr: B) Only two discrete voltage levels representing 0
and 1

Explanation: Digital electronics uses binary signals — two
discrete voltage levels representing logic '0° (LOW, €,9.4 0 V)
and logic 1" (HIGH, €.g.4 5 V or 3.3 V), All information is
encoded, stored, and processed as combinations of these two
states, This binary representation makes digital systems
highly reliable and noise-resistant,

@23 The binary number system uses a base of?

A) 3

B) 10

C) 16

D) 2

AnswersD) 2

¢Explanations The binary number system (base-2) uses only
two digitss 0 and 1, Each binary digit is called a 'bit’. Base-8 is
octal, base-10 is decimal (everyday counting), and base-16 is
hexadecimal, Binary is natural for digital electronics because
transistors have two stable states (on/off) that directly
represent 1 and O,

s In digital electronics, logic 1’ (HIGH) typically corresponds
tos



A) oV

B) A negative voltage

C) A high voltage level (€.9.4 +5 V or +3,3 V)

D) An alternating Signal

gAnswers C) A high voltage level (e.g.q +5 V or +3,3 V)
¢Explanations In positive logic convention, logic 1" (HIGH)
corresponds to the higher of the two voltage levels —
typically +5 Vin older TTL logic or +2,3 V in modern CMOS,
Logic ‘0" (LOW) corresponds to 0 V (ground), The exact
voltages depend on the logic family (TTL, CMOS) but only two
discrete levels are used,

& Which of the following correctly converts binary 1010 to
decimal?

A) 5

B) 8

C) 10

D) 12

AnswersC) 10

Explanations Binary 1010 = 1x2"3 + 0x2"2 + 1x2"1 + 0x2"0 = 3 +
0 +2+ 0 =10, To convert binary to decimal, multiply each bit
by its positional value (power of 2, starting from 270 at the
right) and sum all the values, The bit positions from right to
left represent 1, 2, 4, 3, 16, 32 etc,

5. The decimal number 13 in binary is:

A) 1100

B) 1101

C) 1oil

D) 1110

@hAnswersB) 1101

Explanations 12 =83+ 4 +1=2"3+2"2+2"0, In binarys bit



3=1, bit 2=1, bit 1=0, bit 0=1 = 1101, Method: repeatedly
divide by 2 and record remainderss 13/2=6 A1, 6/2=3 RO,
3/2=1 R1, 1/2=0 R1, Reading remainders from bottom to top:
1101

6 A bit iss

A) A group of 3 binary digits

B) A single binary digit (0 or 1)

C) A decimal digit

D) A hexadecimal digit

ARSWeraB) A single binary digit (0 or 1)

Explanations A bit’ (Binary diglT) is the fundamental unit of
digital information — a single binary digit that can take the
value 0 or 1, A group of 4 bits is a nibble, A group of 8 bits is a
byte, Modern computers work with 64-bit words (64 bits
processed simultaneously).,

T A byte consists of?

A) 4 bits

B) 3 bits

C) 16 bits

D) 2 bits

gPnswers B) 8 bits

iExplanationd A byte consists of 3 bits, One byte can
represent 2°8 = 256 different values (0 to 255 in decimal),
Bytes are the standard unit for measuring data storage, 1
kilobyte (KB) = 1024 bytes, 1 megabyte (MB) = 1024 KB, 1
gigabyte (GB) = 1024 MB,

8. Which of the following correctly converts decimal 7 to
binary?

A) 100

B) 110



C) 111

D) 011

tAnswers C) 111

gExplanationg 7=4 +2+1=2"2+2"1+ 20 =111 in binary, All
three bits are 1 because 7 is one less than 3 (2°3),
Alternativelye 7/2=3 A1, 3/2=1 R1, 1/2=0 A1, Reading
remainders from bottoms 111,

9. What is the maximum decimal value that can be
represented by 4 binary bits?

A) 8

B) 15

C) 16

D) 31

Answers B) 15

gExplanations With 4 bits, the maximum value is when all bits
are 13 1111 = 3+4+2+1 = 15, Generally, n bits can represent
values from 0 to 2°n - 1, For 4 bits: 274 - 1 = 15, The total
number of distinct values representable by 4 bits is 2°4 = 16
(values 0 through 15),

10, The hexadecimal number system uses base?

A) 2

B) 8

C) 10

D) 16

Answerg D) 16

Explanations Hexadecimal (hex) is base-16, using 16 symbols:
0-9 and A-F (where A=10, B=11, C=12, D=13, E=14, F=15), One
hex digit represents exactly 4 binary bits (a nibble), making
hex a compact way to represent binarys an 8-bit byte = 2 hex
digits, Hex is widely used in computing for memory addresses



and colour codes,

1%, In Boolean algebra, the expression A,B (A AND B) equals 1
only when?

A) A=0 and B=0

B) A=1 and B=0

C) A=0 and B=1

D) A=1 and B=1

Answer: D) A=1 and B=1

gExplanations The AND operation gives output 1 only when ALL
inputs are 1, For two inputs; 0,0=0, 0,1=0, 1,0=0, 1,1=1, This
mimics series switches in a circuit — current flows only when
both switches are closed. In Boolean algebra, AND is
analogous to multiplications 1x1=1, but 1x0=0 and 0x0=0,
12, In Boolean algebra, A+B (A OR B) equals 0 only whens

A) A=1 and B=1

B) A=0 and B=1

C) A=1 and B=0

D) A=0 and B=0

UAnsweryD) A=0 and B=0

Explanation: The OR operation gives output 0 only when ALL
inputs are 0, For two inputs; 0+0=0, 0+1=1, 1+0=1, 1+1=1 (in
Boolean, not arithmetic), This mimics parallel switches —
current flows when either or both switches are closed.,
Output is 0 only when all inputs are 0,

13, In Boolean algebra, the complement (NOT) of A = 0 is3

A) O

B) 1

C) 2

D) Undefined

Answers: B) 1



@Explanation: The NOT operation (complement, denoted A-bar
or A) inverts the inputs NOT 0 =1, NOT 1 = 0, It represents
logical negation, The double complement gives back the
original; NOT(NOT A) = A, In digital circuits, NOT is
implemented by an inverter gate,

14, Digital systems are preferred over analogue systems
becauses

A) They use more power

B) They are less accurate

C) They are more noise=immune and data can be perfectly
reproduced

D) They use more components

TAnswer? C) They are more noise-immune and data can be
perfectly reproduced

Explanations Digital signals use two discrete levels, making
them highly immune to noise, Small noise disturbances do not
change a 1 toa 0" as long as the noise is less than the noise
margin, Analogue Signals can accumulate noise at every
stage, Digital data can be stored, copied, and transmitted
perfectly, unlike analogue signals which degrade with each
COPpYs

15, The term ‘logic level' in digital electronics refers to¢

A) The mathematical complexity of a circuit

B) The discrete voltage level representing a binary 0 or 1

C) The power consumption of a gate

D) The number of gates in a circuit

PAnswers B) The discrete voltage level representing a binary 0
orl

Explanation®A logic level s a specific voltage range
corresponding to a binary digit, In TTL logics LOW (logic 0) = 0



to 0,8 \, HIGH (logic 1) =2V to 5V, Voltages between these
ranges are undefined/noise regions., Different logic families
(CMOS, TTL, ECL) have different voltage specifications.

16, Boolean algebra was developed bys

A) Isaac Newton

B) Albert Einstein

C) George Boole

D) Alan Turing
#PAnswersC) George Boole
ExplanationsPoolean algebra was developed by English
mathematician George Boole (1815-1364), He created an
algebraic system for logical operations using 0 and 1, Claude
Shannon later demonstrated that Boolean algebra could be
applied to describe electronic switching circuits, forming the
mathematical foundation of digital electronics.
11, Which of the following is a Boolean identity?
A)A+1=A

B)A,0=A
C)A+0=A

D)A.,1=0
Answens,C) A+0=A

Explanationt A + 0 = A is a Boolean identity (OR with 0 leaves
the value unchanged — identity law for OR), Other identities:
A.1 = A (identity for AND), A+1 = 1 (domination for OR), A0 =
0 (domination for AND), These identities are used to simplify
Boolean expressions and optimize digital circuits,
18. De Morgan's first theorem statess:
A) A-bar + B-bar = AB

B) NOT(A AND B) = NOT-A OR NOT-B
C) A+B = AB



D) AB = A+B
@Answer; B) NOT(A AND B) = NOT-A OR NOT-B

Explanation: De Morgan's first theorem: NOT(A.B) = A-bar +
B-bar, The c'omplement of a product equals the sum of
complements, Second theorem: NOT(A+B) = A-bar , B-bar, The
complement of a sum equals the product of complements,
These theorems are powerful tools for Boolean algebra
simplification and for converting between AND/OR/NOT to
NAND/NOR implementations,

19, A truth table is used to?

A) Show the physical layout of a circuit

B) List all possible input combinations and corresponding
outputs of a logic circuit

C) Calculate the power consumption of gates

D) Show the frequency response of a circuit
AnswersB) List all possible input combinations and
corresponding outputs of a logic circuit
‘Explanations A truth table exhaustively Iists every possible
combination of input values and the corresponding output(s)
of a logic gate or circuit, For n inputs, there are 2"n rows,
Truth tables are used to define, analyze, and verify logic
functions, They are the fundamental tool for understanding
and designing combinational logic circuits,

20, In digital circuits, a transistor is used as;

A) An amplifier only

B) A switch (on/off) to represent binary 1 and 0

C) A voltage regulator

D) A capacitor

Answer: B) A switch (on/off) to represent binary 1 and 0
-Explanations In digital circuits, transistors operate as



switches, not linear amplifiers, A transistor is either fully
ON (saturated, representing logic 1) or fully OFF (cut-off,
representing logic 0), Millions of such transistors in
integrated circuits form the logic gates and flip—flops that
make up processors, memory, and other digital systems,
21, CMOS technology is dominant in modern digital ICs
becauses

A) It uses bipolar junction transistors

B) It has very low static power consumption and high
integration density

C) It operates at higher voltages than TTL

D) It is less reliable than TTL

@Answer; B) It has very low static power consumption and
high integration density

¢Explanations CMOS (Complementary Metal-Oxide
Semiconductor) uses pairs of complementary MOSFETs (PMOS
and NMOS)., In steady state, one transistor 15 always off, so
no direct path from supply to ground exists — static power
consumption is nearly zero, Only during switching is power
dissipated. This enables billions of transistors on a chip
without excessive heat,

@223 The number of possible states of n binary bits is:

A) n

B) 2n

C) n Squared

D) 2°n

Answers D) 2"n

ExplanationgiEach bit can be independently 0 or 1, For n bits,
the total number of unique combinations is 2x2x2,.,,x2 (n
times) = 2°n, For examples 1 bit = 2 states; 2 bits = 4 states;



3 bits = 256 states; 32 bits = approx 4,3 billion states, This
exponential relationship is fundamental to understanding
digital storage capacity.
23, Binary addition? 1 + 1 in binary equalss
A) 2
B) 11
C) 10
D) o
gAnswers C) 10
Explanations In binarys 1 + 1 = 10 (binary), NOT 2 (decimal),
This is because binary is base—23 when the sum at any bit
position reaches 2, it carries 1 to the next position, 1+1=0
with carry 1, giving 10 in binary (which represents 2 in
decimal), Binary addition rules; 0+0=0, 0+1=1, 1+0=1, 1+1=10,
245 Which logic family has the highest switching speed?
A) CMOS
B) TTL (standard)
C) ECL (Emitter—Coupled Logic)

D) RTL (Resistor-Transistor Logic)
gAnswens C) ECL (Emitter—Coupled Logic)
Explanation: ECL is the fastest logic family because its
transistors never enter saturation — they switch between
active region states, avoiding the charge storage delay
associated with saturation, ECL gate propagation delays can
be as low as 0,1-1 ns, The tradeoff is very high power
consumption, ECL is used in high—speed applications like

supercomputers and communication equipment,

25, Noise margin in digital logic refers tog

A) The audio noise generated by the circuit

B) The voltage range within which a logic level is still



correctly recognized

C) The power supply noise

D) The frequency at which a gate stops working

Answers B) The voltage range within which a logic level is still
correctly recognized

Explanations Noise margin is the maximum noise voltage that
can be added to an input signal without causing incorrect
logic level interpretation, A larger noise margin means the
circuit tolerates more noise, CMOS has larger noise margins
than TTL because it swings closer to the supply rails,

§26, In a positive logic system, the more positive voltage level
represents:

A) Logic O

B) Logic1

C) An undefined state

D) An analogue value

AnswersB) Logic 1

Explanationsln positive logic (the standard convention), the
higher voltage level is logic 1 (HIGH) and the lower voltage
level s logic 0 (LOW), This is the most common convention
used in TTL and CMOS families, Negative logic (less common)
uses the opposite convention where the lower voltage = logic
1,

2T: The process of converting an analogue signal to digital is
calleds

A) D/A conversion

B) Modulation

C) A/D conversion (ADC)

D) Rectification

gAnswer: C) A/D conversion (ADC)



Explanation? Analogue-to-Digital Conversion (ADC) samples a
continuous analogue Signal at regular intervals (sampling)
and converts each sample to a binary number representing
the amplitude (quantisation), The digital data can then be
processed, stored, or transmitted. D/A conversion (DAC) is
the reverse process,

28, Combinational logic circuitss

A) Have memory and depend on past inputs

B) Produce outputs that depend only on the current inputs
C) Only implement the AND function

D) Require a clock signal

Answers B) Produce outputs that depend only on the current
inputs

Explanation: Combinational logic circuits produce outputs
that are determined solely by the current input values —
there is no memory of past states, Examples include logic
gates, multiplexers, decoders, and adders, In contrast,
sequential logic circuits have memory (flip—flops) and their
outputs depend on both current inputs AND the current
state,

29; Sequential logic circuits differ from combinational
circuits in that theys

A) Only use AND and OR gates

B) Have memory elements and output depends on current
inputs and previous state

C) Are simpler to design

D) Do not require power

Answer? B) Have memory elements and output depends on
current inputs and previous state

Explanations Sequential circuits incorporate memory



elements (flip—flops, latches, registers) that store the
current state, The output depends on BOTH the current
input AND the stored state (previous history)., Clocked
sequential circuits change state on clock edges, Examples
include counters, registers, state machines, and memory,
30, A logic gate is a:

A) Mechanical switch

B) Basic building block of digital circuits that implements a
Boolean function

C) Type of transistor

D) Power amplifier

Answens,B) Basic building block of digital circuits that
implements a Boolean function

Explanations A logic gate is an electronic circuit (usually
implemented with transistors) that performs a specific
Boolean logic operation on one or more binary inputs to
produce a Single binary output, Logic gates (AND, OR, NOT,
NAND, NOR, XOR, XNOR) are the fundamental building blocks
from which all digital systems are constructed.

sRas
@2, What is digital electronics and how does it differ from
analogue electronics?
Answer: Digital electronics uses signals that take only two
discrete values (logic 0 and logic 1, represented by low and
high voltages), Analogue electronics uses continuously
varying signals, Digital systems are more noise-immune,
allow perfect data reproduction, and are easier to design
and mass—produce in integrated circuits. Analogue systems
better represent continuously varying physical quantities,



@2, Convert binary 11011 to decimal,

Answers 11011 = 1x2"4 + 1x2"3 + 0x2"2 + 1x2"1 + 1x2"0 =16 +
83+0+2+1=27, To convert, multiply each bit by its
positional value (power of 2 from right starting at 2°0) and
sum the results,

@3, Convert decimal 25 to binary,

Answer: Method (repeated division by 2)s 25/2=12 R1, 12/2=6
RO, 6/2=3 RO, 3/2=1 R1, 1/2=0 R1, Reading remainders from
bottom to top: 11001, Verificationi 16+3+0+0+1 = 25,

@4, State three advantages of digital systems over analogue
systems,

Answer: (1) Noise immunity — digital signals tolerate noise
without data corruption, unlike analogue signals that
accumulate noise. (2) Perfect reproduction — digital data
can be copied and stored without degradation, (3)
Programmability — digital systems can be reprogrammed in
software without changing hardware, enabling flexible,
multifunctional devices like computers and smartphones,
@5, What is Boolean algebra and why is it important in digital
electronics?

Answer: Boolean algebra is a mathematical system using
variables that can only take values 0 or 1, with operations
AND (,)4 OR (+)4 and NOT, It was developed by George Boole,
It is fundamental to digital electronics because it provides a
mathematical framework to describe, analyze, and simplify
logic circuits, enabling systematic design of all digital
systems,

@6, State De Morgan's theorems and explain their
significance.,

BBSWERS First theorems NOT(A AND B) = NOT-A OR NOT-B,



Second theorems NOT(A OR B) = NOT-A AND NOT-B,
Significances They allow any logic expression using AND/OR/
NOT to be rewritten using only NAND or only NOR gates,
which are universal gates, They are essential tools for
simplifying logic expressions and converting between gate
types,

@ToWhat is a truth table? Construct the truth table for a 2-
input AND gate,

Answer; A truth table lists all possible input combinations
and the resulting output(s). For a 2-input AND gate: A=0,B=0
gives Output=03 A=0,B=1 gives Output=03 A=1,B=0 gives
Output=03 A=1,B=1 gives Output=1, The AND output is 1 only
when both inputs are 13 all other combinations give 0,

@85 Explain why CMOS technology dominates modern digital
integrated circuits,

Answer: CMOS uses complementary pairs of PMOS and NMOS
transistors, In any Static state, one transistor is OFF,
creating no direct current path from supply to ground —
static power dissipation is nearly zero, Power is only
consumed during switching, This allows billions of CMOS
transistors to be integrated on a single chip without
generating unmanageable heat, enabling modern processors
and memory,

@95 What is a bit and what is a byte? How many values can 8
bits represent?

AnswergA bit (Binary diglIT) is a single binary digit, either 0
or 1 — the smallest unit of digital information. A byte is a
group of 8 bits, With 8 bits, the number of possible
combinations is 2°8 = 256, representing values from 0 to 255
in decimal, One byte can encode one ASCII character (e.g.4



the letter A = 01000001),

@10; Distinguish between combinational and sequential logic
circuits,

Answers Combinational circuitss output depends only on
current inputsg no memorys examples include logic gates,
adders, multiplexers, Sequential circuits: output depends on
current inputs AND previous state (memory)s they contain
flip—flops or latches; require a clocki examples include
counters, registers, and state machines, Most practical

digital systems use both types together,



Fundamental Logic Gates
Logic gates are the main building blocks of all digital logic
circuits, These circuits can act as switches and convert
incoming voltage into binary electrical pulses of high(1) and
low(0), Digital electronic circuits used to implement binary/
logical operations are known as logic gates,

1) AND Gate

AND Gate is a gate in which its output will be 1" when all the
inputs are 1, In other situations, output of AND gate will be
0,

Boolean Expressions X =A - B

The symbol dot (*) represents AND operation,

Example: If a lamp is connected in series with a battery
using two switches (A and B) as two inputs, the lamp will glow
only if both the switches are closed,

Truth Table — AND Gate?
A B
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2) OR Gate

OR Gate is a gate in which its output will be 0 only when all
the Inputs are 0 and for all other situations, output of OR
Gate will be 1,

Boolean Expressions X = A + B

The symbol plus (+) represents OR operation,

Examples If a lamp is connected in parallel with a battery
using two switches, the lamp will glow if at least one of the
switches is closed,

Truth Table — OR Gates?
A B X=A+B
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3) NOT Gate

NOT Gate is a gate in which its output will be '0" when its
input is 1 and vice versa, NOT operation inverts the state of
Boolean variables,

Boolean Expressions X = A

The line or bar over the symbol represents the NOT operation,
Example? If a lamp is connected in parallel to a battery with
switch A as input — when A 1s open, lamp glows; when A is
closed, lamp does not glow



Truth Table — NOT Gate?

A X=A
0 1
1 0

Cmu:t__.-symbol R .
o, . H.;H .

PKMZ - Fundamental Logic GateG
AND gates dono nputs 1 hon to output 1, warna
0, OR gate: koi bhi ek input 1 ho to output 1, sirf
tab 0 jab dono 0, NOT gates input ulta ho jata hai —
1ko0,0ko1l, Yaad karo; AND = series circuit, OR
= parallel circuity NOT = inverter, Yeh teeno sab
ogic ka base hain,

T



Universal Logic Gates
1) NAND Gate
NAND Gate is obtained by coupling a NOT gate with an output
terminal of AND Gate, NAND Gate is the reversal of AND Gate.
Boolean Expressions X = (A« B) = AB
It is read as X equals A and B not’. NAND and NOR are called
universal gates because they can generate all other logic
gates using only NAND or only NOR,

Truth Table — NAND Gates

SwiteNint) AN D LaTr\P(O;EPUt)r*
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2) NOR Gate

The NOR Gate is obtained by joining the output of OR gate
with the NOT Gate, The NOT Gate inverts the output of OR
gate,

Boolean Expressions X = (A + B)' = A+B

It is read as ‘X equals A OR B NOT,

Truth Table — NOR Gates

] switehA(input) oL GATE [ Lam p (ou_{:p-u_'t)":' __
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PKMZ - Universal Logic Ga

(Physics Kahani Mak Zabani)

NAND = AND ka ulta, NOR = OR ka
- ulta, Pono universal gates hain kyunki
. inhi se AND, OR, NOT sab banaye ja
sakte hain, NAND aur NOR mein output
mein ek bubble hota hai — matlab NOT
lag gaya. Yaad karo: NAND mein sirf jab
dono 1 hon tab 0 aata hai, baaki sab
mein 1,



& How many fundamental (basic) logic gates are there?

A) 2

B) 3

C)5

D) 7

Answers B) 3

Explanation? There are three fundamental logic gatess AND,
0R, and NOT, All other logic functions can be constructed
from combinations of these three, In practice, NAND and
NOR are also considered universal gates because any logic
function can be built from NAND gates alone or NOR gates
alone, making them even more fundamental in IC
manufacturing,

2, The output of a NOT gate when input is 1 is3

A) 1

B) o

C) Undefined

D) 2

AnswersB) o

(Explanation®A NOT gate (inverter) has a single input and
produces the logical complement of its inputs NOT 1 = 0 and
NOT 0 =1, It is the simplest logic gate, implementing Boolean
complementation, In digital circuits, it is represented by a
triangle with a small circle (bubble) at the output, The bubble
symbol indicates inversion,

3. The AND gate output is HIGH (1) only when?

A) Any one input is HIGH



B) All inputs are LOW

C) All inputs are HIGH

D) Any input is LOW

AnsweraC) All inputs are HIGH

Explanation: The AND gate implements the Boolean AND
operation, Its output is 1 ONLY when ALL inputs are 1
simultaneously, If any input is 0, the output is 0, For two
inputs, truth tables 0,0=0, 0,1=0, 1,0=0, 1,1=1, The AND gate
is analogous to series switches — current flows only if ALL
switches are closed,

45 The OR gate output is LOW (0) only when?

A) All inputs are HIGH

B) Any one input is HIGH

C) All inputs are LOW

D) Any input is LOW

Answers'C) All inputs are LOW

Explanation The OR gate implements the Boolean OR (+)
operation, Its output is 0 ONLY when ALL inputs are 0
simultaneously, If any input is 1, the output is 1, Truth
tables 0+0=0, 0+1=1, 1+0=1, 1+1=1, Analogous to parallel
switches — current flows when either or both switches are
closed,

5. A NAND gate is equivalent to?

A) AND followed by OR

B) AND followed by NOT (an inverted AND gate)

C) OR followed by NOT

D) Two NOT gates

Answers B) AND followed by NOT (an inverted AND gate)
(Explanations™NAND (NOT-AND) = AND gate followed by an
inverter (NOT gate), Output = NOT(A AND B), For two inputss



0 NAND 0=1, 0 NAND 1=1, 1 NAND 0=1, 1 NAND 1=0, The only
way to get a 0 output from NAND is when ALL inputs are 1,
NAND is universal — any logic function can be built from
NAND gates alone,

6. A NOR gate is equivalent tos

A) NOT followed by AND

B) OR followed by NOT (an inverted OR gate)

C) AND followed by NOT

D) Two OR gates

Answers B) OR followed by NOT (an inverted OR gate)
Explanation: NOR (NOT-0R) = OR gate followed by an
inverter, Output = NOT(A OR B), For two inputs; 0 NOR 0=1, 0
NOR 1=0, 1 NOR 0=0, 1 NOR 1=0, The only way to get a 1
output from NOR is when ALL inputs are 0, NOR is also
universal — any logic function can be implemented using only
NOR gates,

7. The XOR (Exclusive OR) gate output is HIGH (1) whens

A) All inputs are HIGH

B) All inputs are LOW

C) An odd number of inputs are HIGH (for 2 inputss inputs
are different)

D) Any input is HIGH
@AnswersiC) An odd number of inputs are HIGH (for 2 inputs?
inputs are different)

Explanation: XOR output is 1 when inputs are DIFFERENT
(for 2—input XOR: one is 0 and the other is 1), Truth tables
0+0=0, 0+1=1, 1+0=1, 1+1=0, For multi-input XOR, the output
is 1 when an ODD number of inputs are 1, XOR is used in
binary adders (sum bit), parity checkers, and encryption
circuits,



8. The XNOR gate is the complement of XOR, So it outputs 1
when?

A) Inputs are different

B) Inputs are the same

C) All inputs are 0

D) All inputs are 1

Answers B) Inputs are the same

Explanation? XNOR (Exclusive NOR) is the complement of XOR,
It outputs 1 when inputs are the SAME (both 0 or both 1),
Truth tables 0 XNOR 0=1, 0 XNOR 1=0, 1 XNOR 0=0, 1 XNOR
1=1, XNOR is called an ‘equality detector' — it detects when
two bits are equal, It is used in comparators and error
detection circuits,

9 Which gate is called a ‘universal gate'?

A) AND and OR only

B) NAND and NOR

C) XOR only

D) NOT only

AnsweryB) NAND and NOR

Explanation: NAND and NOR are called universal gates
because ANY Boolean function can be implemented using only
NAND gates or only NOR gates, without needing any other
gate types, This is important in integrated circuit
manufacturing: by fabricating only one type of gate, all logic
functions can be realized, reducing manufacturing
complexity and cost,

10, The Boolean expression for a NAND gate with inputs A
and B is¢

A) A.B

B) A+B



C) NOT(A.B) = A-bar + B-bar

D) A XOR B

ARSWEry C) NOT(A.B) = A-bar + B-bar

CExplanation? The NAND output is the complement of the AND
outputs F = NOT(A.B). By De Morgan's theorem, this equals A-
bar + B-bar, The NAND gate's truth table has output 0 only
when A=1 AND B=13 all other combinations give output 1, This
IS the exact opposite (complement) of the AND gate truth
table,

119 The Boolean expression for a NOR gate with inputs A and
Biss

A) A+B

B) NOT(A+B) = A-bar , B-bar

C) AB

D) A-bar + B-bar

Answery B) NOT(A+B) = A-bar , B-bar

Explanation: The NOR output is the complement of the OR
outputs F = NOT(A+B). By De Morgan's theorem, this equals A-
bar . B-bar, The NOR gate's truth table has output 1 only
when A=0 AND B=03 all other combinations give output 0, This
is the exact opposite (complement) of the OR gate truth
table,

12; How many rows does a truth table for a 3-input logic
gate have?

A) 3

B) 6

C) 8

D) 9

Answers C) 3

Explanations For n inputs, the truth table has 2"n rows



representing all possible input combinations, For 3 inputss
2"3 = 8 rows, The rows list all combinations from 000 to 111 in
binary order, For 2 inputs; 4 rows; 4 inputss 16 rows; 3
inputse 256 rows, The number of rows grows exponentially
with the number of inputs,

13; The logic symbol for a NOT gate includes:

A) A triangle with a bubble (circle) at the output

B) A D-shaped symbol

C) A curved shape

D) A rectangle

(Answers A) A triangle with a bubble (circle) at the output
(Explanation? The NOT gate (inverter) is represented by a
triangle (pointing in the direction of signal flow) with a small
circle (bubble) at the output. The bubble universally
represents inversion in logic diagrams, The same bubble
appears on the outputs of NAND and NOR gates, always
indicating logical negation,

14, Implementing NOT using a NAND gate is done by?

A) Connecting one input to logic 1

B) Connecting both inputs together

C) Using three NAND gates

D) Connecting one input to logic ©

Answers B) Connecting both inputs together

Explanation? To make a NOT gate from a NAND gate, connect
both inputs to the same signal A output = NOT(A.A) = NOT(A)
= A-bar, Truth check: when A=0¢ NOT(0,0)=NOT(0)=15 when
A=13 NOT(1,1)=NOT(1)=0, Similarly, a NOR gate with both
inputs tied together also forms a NOT gate: NOT(A+A) =
NOT(A) = A-bar,

155 An AND gate can be constructed from NAND gates bys



A) Using one NAND gate only

B) Using a NAND gate followed by a NOT gate (two NAND
gates)

C) Using three NAND gates in parallel

D) It cannot be done

AnswersB) Using a NAND gate followed by a NOT gate (two
NAND gates)

Explanation®AND = NAND followed by NOT, Since NOT can be
made from a NAND gate (both inputs tied together), we use 2
NAND gates: first NAND gives NOT(A.B), Second NAND (with
tied inputs) gives NOT(NOT(A.B)) = A.B, Double inversion
restores the AND function,

162An OR gate can be constructed from NAND gates using:
A) One NAND gate

B) Two NAND gates

C) Three NAND gates

D) Four NAND gates
AnswersC) Three NAND gates
Explanation? By De Morgan's theorems A+B = NOT(A-bar , B-
bar). To implement: (1) NAND gate 1 with both inputs A gives
NOT A3 (2) NAND gate 2 with both inputs B gives NOT B; (2)
NAND gate 3 with inputs NOT-A and NOT-B gives NOT(NOT-A ,
NOT-B) = A+B, Three NAND gates implement OR,

17, The truth table for a 2-input XOR gate shows that
output is 1 for how many input combinations?

A) 1

B) 2

C) 3

D) 4

Answers B) 2



Explanation?XOR truth tables 0 XOR 0=0, 0 XOR 1=1, 1 XOR
0=1, 1 XOR 1=0, The output is 1 for exactly 2 out of 4
combinationss (A=0,B=1) and (A=1,B=0) — the cases where
inputs are DIFFERENT, This is half of all possible input
combinations, reflecting XOR's property as a ‘difference
detector’,

18; A half adder circuit adds two 1-bit binary numbers and
producess

A) Only a sum bit

B) A sum bit and a carry bit

C) Only a carry bit

D) A 4-bit output

GAnSWeryB) A sum bit and a carry bit

(Explanation: A half adder adds two single-bit binary inputs (A
and B) and produces two outputs: Sum = A XOR B and Carry =
A.B (AND of inputs), The ‘carry’ represents the overflow into
the next bit position when 1+1=10 (binary), It is called ‘half’
adder because it cannot handle an input carry from a
previous bit — that requires a full adder,

195The sum output of a half adder is implemented usings

A) An AND gate

B) A NOR gate

C) An XOR gate

D) A NAND gate

Answers C) An XOR gate

Explanations The sum of two 1-bit numbers A and B follows
XOR logics 0+0=0 (Sum=0), 0+1=1 (sum=1), 1+0=1 (sum=1),
1+1=10 (sum=0, carry=1), The sum bit matches the XOR truth
table exactly, The carry bit matches AND truth table, Hences
Sum = A XOR B, Carry = A,B,



20, Which gate can detect when two bits are equal?

A) XOR

B) XNOR

C) NAND

D) NOR

(Answers B) XNOR

Explanations XNOR (equivalence gate) outputs 1 when both
inputs are the SAME (equal): 0 XNOR 0=1, 1 XNOR 1=1, It
outputs 0 when inputs differ, XOR does the opposite — it
detects inequality, XNOR 15 used in digital comparators to
check if two binary words are equal, comparing
corresponding bits and ANDing all results,

213 In positive logic, the logic symbol with a curved input and
a flat output representss:

A) AND gate

B) OR gate

C) NOT gate

D) NAND gate

Answer? B) OR gate

Explanation® The OR gate has a distinctive curved (arc-
shaped) input side and a pointed output side. The AND gate
has a flat input side and a curved (D-shaped) output, NOT has
a triangle with a bubble, NAND and NOR have the AND/OR
shapes respectively with an output bubble, These
standardized symbols allow circuit diagrams to be understood
universally,

22 The output of a 3-input AND gate is 1 only whens

A) At least one input is 1

B) Exactly two inputs are 1

C) All three inputs are 1



D) At least two inputs are 1

Answer; C) All three inputs are 1

‘Explanation? The AND function always requires ALL inputs to
be 1 for the output to be 1, regardless of the number of
inputs, For a 3—input AND: A,B.C = 1 only when A=1 AND B=1
AND C=1, All other T combinations give output 0,

23, The output of a 3-input NOR gate is 1 only when?

A) All inputs are 1

B) All inputs are 0

C) At least one input is 1

D) Exactly two inputs are 1

Answers B) All inputs are 0

Explanation; A 3-input NOR gate: output = NOT(A+B+C), The
OR of three inputs is 0 only when ALL three are 0, NOT(0)=1,
For any other combination where at least one input is 1, the
OR gives 1, and NOT(1)=0, So NOR output is 1 only when ALL
inputs are 0,

24; Propagation delay in a logic gate refers tos

A) The time to manufacture the gate

B) The time delay between a change in input and the
corresponding change in output

C) The power consumed during switching

D) The number of gate inputs

Answer: B) The time delay between a change in input and the
corresponding change in output

Explanation: Propagation delay is the time it takes for a
change in input to produce a corresponding change in output,
It arises because transistors don't switch instantaneously
and there are parasitic capacitances to charge/discharge,
Typical propagation delays; CMOS ~1-10 ns, ECL <1 ns,



Minimising propagation delay is essential for high—speed
digital circuits,

25, Fan—out of a logic gate refers to?

A) The number of inputs a gate can accept

B) The maximum number of gate inputs that can be
connected to (driven by) one gate output

C) The power supply voltage

D) The switching frequency

Answer: B) The maximum number of gate inputs that can be
connected to (driven by) one gate output
Explanation?tan-out is the number of gate inputs that a
single gate output can drive while maintaining valid logic
levels, If too many gates are connected to one output, the
driving gate cannot supply/sink enough current, causing the
output voltage to deviate outside the valid logic level range.,
Typical TTL fan—out is 105 CMOS fan-out can be much higher,
263 A logic gate with n inputs implements a Boolean function
of?

A) 1 variable

B) n variables

C) 2n variables

D) n squared variables

Answer? B) n variables

Explanation? A logic gate with n inputs takes n binary input
variables and produces one binary output, The output is a
Boolean function of those n input variables, For example, a
3-input NAND gate computes F(A,B,C) = NOT(A.B.C). The
truth table has 2"n rows representing all possible
combinations of the n binary variables,

2% The bubble (small circle) on a logic gate symbol



represents;

A) Power input

B) Clock input

C) Logical inversion (NOT)

D) An analogue input

RAnswers C) Logical inversion (NOT)

Explanations A small circle (bubble) in a logic gate symbol
universally represents logical inversion (NOT operation) at
that point, It can appear at inputs or outputs, Examples: a
bubble at the output of an AND gate turns it into a NAND
gate; a bubble at the output of an OR gate turns it into NOR,
The bubble is a standard IEEE logic symbol notation,

28, To verify the correct operation of a logic gate, one would
use;

A) An oscilloscope only

B) A truth table to check all input-output combinations

C) Only a voltmeter

D) A frequency counter

Answers B) A truth table to check all input-output
combinations

Explanation: To completely verify a logic gate, all 2°n input
combinations must be tested and the output for each
compared against the expected truth table. This ensures the
gate correctly implements its logic function for every
possible input, In practice, logic analysers and simulation
tools automate this verification,

29, Which Boolean expression represents a 2-input XOR gate?
A) A+B

B) A.B

C) A XOR B = A-bar,B + A.B-bar



D) NOT(A.B)

ARSWErSC) A XOR B = A-bar.B + A.B-bar

Explanation: XOR can be expressed as A XOR B = A-bar,B +
A.B-bar, This means: (NOT A AND B) OR (A AND NOT B) —
output is 1 when Ais 0 and Bis 1, ORA when Ais 1 and Bis O,
This is precisely ‘inputs are different’,

20, Implementing a logic circuit using only NAND gates
demonstrates that NAND is;

A) Limited to two-input functions

B) A universal gate

C) Only useful for AND functions

D) Less efficient than AND/OR/NOT

Apswers B) A universal gate

Explanationg NAND being universal means it can implement
any Boolean function, Proof: NOT can be made from NAND
(tie Inputs), AND = NAND + NOT(NAND), OR = NAND(NOT A,
NOT B) by De Morgan's, Since NOT, AND, and OR are complete,
NAND alone can implement ANY logic function,

313 The output of an AND gate with three inputs A, B, C
where A=1, B=0, C=1 {s2

A) 1

B) 0

C) Depends on order

D) Undefined

Answery B) o

Explanations For a 3-input AND gate: F = A,B,C =1,0,1 = 0,
The AND function requires ALL inputs to be 1 simultaneously.
Since B=0, the output is 0, regardless of the values of A and
C. Even one LOW input forces the AND output LOW,

32, What is the output of a NOR gate with inputs A=0, B=07



A) O

B) 1

C) Depends on supply voltage

D) 0,5

Answers B) 1

Explanationg NOR gate: F = NOT(A+B) = NOT(0+0) = NOT(0) =
1, The NOR gate's output is 1 ONLY when ALL inputs are 0,
Since A=0 and B=0, the OR of inputs is 0, and NOT(0) =1, All
other input combinations (where at least one input is 1) give
NOR output = 0,

229 The NOT gate is also known as

A) Buffer

B) Inverter

C) Multiplexer

D) Encoder

(Answer? B) Inverter

Explanations The NOT gate is called an ‘inverter because it
inverts (complements) its inputs 0 becomes 1 and 1 becomes
0, The term ‘inverter’ emphasizes its function of turning a
signal upside-down, A buffer is a different circuit that
maintains the same logic level (1 to 1, 0 to 0) but provides
current amplification without inversion,

@@13 Describe the operation of a 2-input AND gate with a
truth table,

AnswersAn AND gate outputs 1 only when ALL inputs are 1,
Boolean expression: F = A.B, Truth table: (A=0,B=0) gives
F=03 (A=0,B=1) gives F=0; (A=1,B=0) gives F=03 (A=1,B=1)
gives F=1, The output is HIGH for only 1 of 4 input



combinations,

1823 Describe the operation of a 2-input OR gate with a truth
table.,

Answers An OR gate outputs 1 when ANY input is 1, Boolean
expressions F = A+B, Truth table; (A=0,B=0) gives F=03
(A=0,B=1) gives F=13 (A=1,B=0) gives F=1; (A=1,B=1) gives
F=1, The output is LOW only when ALL inputs are 0,

#@3; Explain why NAND and NOR gates are called universal
gates,

‘Answery NAND and NOR are universal because any Boolean
function can be implemented using only NAND gates (or only
NOR gates), without needing any other gate type, Using
NAND: NOT is made by tying both inputs together; AND =
NAND followed by a NOT-NAND; OR = NAND with inverted
inputs, Since NOT, AND, and OR is a complete set, NAND alone
is sufficient for any logic circuit,

@43 Write the truth table for a 2-input NAND gate and state
its Boolean expression,

AnswersiBoolean expression: F = NOT(A.B) = A-bar + B-bar,
Truth tables (040) gives 15 (041) gives 15 (1,0) gives 15 (1,1)
gives 0, The output is 0 ONLY when both inputs are 1 — the
opposite of an AND gate, NAND is the complement of AND,
@59 Explain the operation of an XOR gate and give one
application,

(Answerd X0R (Exclusive OR) outputs 1 when inputs are
DIFFERENT, Boolean expression: F = A XOR B = A-bar.B + A.B-
bar, Truth tables (040) gives 05 (041) gives 13 (1,0) gives 13
(1,1) gives 0, Application: Binary addition — in a half adder,
the Sum bit = A XOR B, XOR is also used in parity checkers and
simple encryption,



@6pHow can a NOT gate be constructed using a NAND gate?
Explain with Boolean algebra,

Answers Connect both inputs of a NAND gate to the same
signal A, Output = NOT(A.A). By the idempotent law of
Boolean algebras A.A = A, Therefore output = NOT(A) = A-bar,
Verifications when A=03 NOT(0,0)=NOT(0)=15 when A=1;
NOT(1.,1)=NOT(1)=0, A NAND gate with tied inputs acts as an
inverter (NOT gate),

@ Construct a truth table for a circuit with output F = A,B
+ C (where A, B, C are inputs),

ARSWEr: With 3 inputs there are 2°3 = 8 rows, Evaluating F =
A.B + Cs (000) gives 0 (001) gives 13 (010) gives 05 (011) gives
15 (100) gives 03 (101) gives 13 (110) gives 13 (111) gives 1,
F=1 for inputss 001, 011, 101, 110, 111,

@3, What is propagation delay and why is it important in
digital circuits?

Answer: Propagation delay is the time between a change at a
gate's input and the resulting change at its output, It arises
from transistor switching times and parasitic capacitances,
It is important because it limits the maximum clock
frequency of a digital circuit — data must settle before the
next clock edge. In complex circuits, different signal paths
have different delays, potentially causing timing errors
(glitches) if not managed properly.

@92 Describe how a half adder is constructed from basic logic
gates,

ARsSwers A half adder adds two 1-bit binary inputs (A, B) and
produces Sum and Carry outputs, Sum = A XOR B (XOR gate —
sum 1S 1 when inputs differ), Carry = A.B (AND gate — carry
is 1 only when both inputs are 1, since 1+1=10 in binary). The



circuit requires one XOR gate and one AND gate connected to
the same two inputs,

@10, State the logic gate corresponding to each of the
following Boolean operations; AND, OR, NOT, NAND, NOR, XOR.
Answer: AND gate: F=A.B (output 1 only when all inputs are
1), OR gates F=A+B (output 1 when any input is 1), NOT gate
(inverter): F=A-bar (output is complement of input), NAND
gates F=NOT(A.B) (complement of AND), NOR gate:
F=NOT(A+B) (complement of OR), XOR gate: F=A XOR B
(output 1 when inputs are different),

@11 How many input combinations must be tested to fully
verify a 4—input logic gate, and why?

AnsSwersA 4-input gate has 2°4 = 16 possible input
combinations (from 0000 to 1111 in binary), All 16 must be
tested because the output may differ for each unique
combination, and the only way to completely specify and
verify a combinational logic function is to check every row of
its truth table, Missing even one combination could leave a

fault undetected,



Uses of Logic Gates

Burglar Alarm
A burglar alarm system is an electronic security
arrangement used to detect unauthorized entry into a
building or house., The system works with the help of sensors,
logic gates, and an alarm device, Sensors are installed on
doors, windows, and important areas, These sensors
continuously monitor movement or opening, When someone
tries to enter, the sensor produces an electrical signal, This
signal 1s sent to a logic gate circuit, The logic gate processes
the input according to Boolean logic. If the condition
becomes true, the gate produces an output signal, This
output activates a siren, bell, or light alarm,

In most burglar alarm circuits, an OR gate is used because an
OR gate produces an output of 1 when any one of its inputs
is 1, This means that if any one sensor detects intrusion, the
alarm will activate, The system does not need multiple signals
at the same time — it responds instantly to danger,

Burglar Alarm

Sensor

(input A) X=A-B
Burglar
Alarm
Alarm Switch

(input B)

FIGURE 18.23 Burglar alarm




Example? Person sensor (Input A) and Alarm switch (Input B)
are connected to an AND gate, If both sensor gives 1 and
alarm switch gives 1, then output = 1 and alarm rings; X = A«
B,

Fire Extinguisher System

Before (no fire)

Buzzer is silent because the output of NAND gate Ais 0, Input of the
NAND gate is input 1 and input 2,

Charges flow from high potential and flow in a path where resistance is
lower as it have pathway of thermistor , but thermistor has high
resistance because it has low temperature ( cool ) therefore charges
flow from another path which is input 1 (input of NAND gate 1 A ) so , the
input is high value 1,

Input 2 ((input NAND A gate ) which is the output of NAND ( B ) gate,
Input's of NAND B gate is 3 and 4 ,

Input 2 of NAND gate B is connected to lower potential so 4 they have a 0
value of input 3,

Input 4 of NAND gate B is connected to a path of thermistor which don't
have any flow of charges so 4 it's input 4 s 0,

Output of NAND gate Bis 1,

Output of the NAND gate B is the input 2 of NAND gate A so, the input 2 is
10

As the input 1 is 1 and input 2 of NAND gate A is also 1 so 4 the output of
NAND gate A is 0 which means there is no fire and not the activation of
buzzer,

Condition of the Thermistor

The circuit uses an NTC (Negative Temperature Coefficient) thermistor,
In normal room temperature (no fire), the temperature is low,

For an NTC thermistors

Low temperature - High resistance

Because of high resistance, very little current flows through the
thermistor,



Flow of Charges

Electric charges always move from high potential to low potential,
However, since the thermistor has high resistance, it restricts the flow
of current, Therefore, the voltage level at the connected input does not
change significantlys,

Inputs of NAND Gate B

Input 3 of NAND Gate B is connected to low potential (logic 0),

Input 4 is connected through the thermistor, Since the thermistor has
high resistance (no fire), the current does not flow properly, and this
input also remains at logic 0,

Inputs of NAND Gate A

Input 1 of NAND Gate A is connected to high potential (logic 1),

Input 2 of NAND Gate A is the output of NAND Gate B,

Condition of the Buzzer

The buzzer is connected to the output of NAND Gate A,

Since the output is 0 (low), the buzzer remains OFF,

Final Result (No Fire)

Thermistor has high resistance — Logic does not change - Final output
1S 0 » Buzzer

After (fire)

Buzzer is active,

In this case , flow of charges from high potential is flow from their and
aquire the path of thermistor,

Because 4 thermistor have lower resistance than other due to their
increase in the temperature so 4 charges flow from thermistor,

As the input 1 of NAND gate is connected to path of charges , so
charges doesn't flow to their high resistance.,

So 4 the input 1 of NAND gate Ais 0,

Whereas input 2 ( NAND gate A) is the output of NAND gate B,

Input 3 ( NAND gate B ) is connected to lower potential so, their input
value is 0,

Input 4 ( NAND gate B ) is connected to the path of thermistor ( path of
flow of charges) so jtheir input 4is1,

Which becomes the output of NAND gate B is 1,

The output of NAND gate B is 1, which is the input of NAND gate A ,

So 4 input 215 1,



Which becomes the output of NAND gate A is 1 resulting in the activating
of buzzer,

1 =( higher ON) 4 0 =( lower , OFF)

Effect of Fire on Thermistor

When fire occurs, temperature increases.

For an NTC thermistors

High temperature - Low resistance

Now the thermistor allows more current to flows,

Flow of Charges

Since resistance decreases, current flows easily through the thermistor,
This changes the voltage level at the connected input of the NAND gate.
Inputs of NAND Gate B

Input 3 remains connected to low potential (0),

Input 4 now receives current because the thermistor resistance is low,
Therefore, Input 4 becomes logic 1,

However, in a properly designed fire alarm circuit, the change in
thermistor resistance ultimately causes one of the inputs of NAND Gate
A to become 0,4 resulting in output 1,

Condition of the Buzzer

When the final output becomes 1 (high), the buzzer is activated,

Thus, the buzzer turns ON and produces an alarm Sound,

Final Result (Fire Condition)

Thermistor resistance decreases - Logic level changes - Final output
becomes 1 » Buzzer ON

Fire Alarm Circuit

+6V

Variable
resistor

Thermistor

;|

0
O O

FIGURE 18.24 Fire alarm circuit




Aspect Burglar Alarm Fire Alarm

Purpose Detect unauthorized entry Detect smoke/heat/fire
Common gate used OR gate AND gate
Sensors | Motion/door sensors Smoke & heat sensors
Output activates | Siren or bell Alarm + sprinkler
Why that gate? Any one sensor = alert Both sensors must confirm
fire
Informations

Fire Alarm Circuits and Smoke Sensors are a part of
the security systems which help in detecting or
preventing damage. Installing Fire Alarm Systems and
Smoke Sensors in commercial buildings like offices,

hospitals, schools, shopping malls and other public places
TSW]Soryn

PKMZ - Uses of Logic Gates (Physics Kahani
Mak Zabani)

Burglar alarm mein AND gate use hota hai — kof
bhi ek sensor activate ho to alarm bajega., Fire
alarm mein OR gate use hota hal — Smoke sensor
aur heat sensor dono 1 hon tab hi alarm bajega
(false alarm se bachne ke liye). Dono systems mein
sensors input hain aur alarm output hai, Logic
atesiby Idings ko smart banate hain,

Analogue Electronics
Analogue electronics deals with continuous signals that
change smoothly with time, The voltage or current can take



infinite values within a range, representing real-world
quantities like sound, light, and temperature, Analogue
circuits use resistors, capacitors, diodes, and transistors to
process signals, Devices such as radios, microphones, and
amplifiers rely on analogue systems, They provide natural
and detailed representation of information but are sensitive
to noise and interference.

$ig nal
4\

TIme

Digital Electronics
Digital electronics works with discrete signals, mainly 0 and

1, representing LOW and HIGH voltage levels, These systems
process information in binary form, making them suitable for
computers and modern devices, Digital circuits use logic
gates, microprocessors, and memory units, Digital signals
are reliable and less affected by noise, and data can be
stored, transmitted, and copied easily.



store

Time
Aspect Analogue Electronics Digital Electronics
Signal type Continuous (smooth) Discrete (0 and 1 only)
Signal shape Smooth curve / sine wave Square/step wave
Noise immunity Low — easily distorted High — resists noise
Data storage Difficult | Easy — binary form
Components Resistors, capacitors, | Logic gates, microprocessors
transistors
Processing speed Real-time but slower Very fast
.Accuracy High resolution naturally | Depends on bit resolution
Applications Radio, amplifier, microphone = Computers, phones,
calculators
Examples FM radio, vinyl records, | Smartphones, digital watch,
analog watch GPS
Advantages Natural representation, real- | Noise resistant,
time programmable
Disadvantages Sensitive to noise, hard to Needs ADC conversion,

complex




® The AND gate gives HIGH output when

A) Any one input is HIGH

B) All inputs are HIGH

C) All inputs are LOW

D) Any one input is LOW

Correct Optiong B

gExplanations AND gate performs logical multiplication, The
output becomes 1 only when every input is 13 otherwise
output is 0,

© The OR gate gives LOW output when

A) All inputs are LOW

B) Any one input is HIGH

C) All inputs are HIGH

D) Two Tnputs are HIGH

Correct Option: A

Explanation: OR gate performs logical addition, Output is 0
only when all inputs are 0,

® ANOT gate is also called

A) Buffer

B) Inverter

C) Converter

D) Amplifier

Correct Options B

CExplanation: NOT gate inverts the input signal, If inputis1
output becomes 0, and if Input is 0 output becomes 1,
@®NAND gate is called universal gate because

A) It is simple

B) It uses less power



C) It can make any logic circuit

D) It has two inputs

Correct Option: C

Explanations Using only NAND gates, we can design AND, OR,
and NOT gates, Therefore it is called a universal gate,

® Which gate gives HIGH output when inputs are different?
A) AND

B) OR

C) XOR

D) NOR

Correct Option: C

Explanation; XOR gate produces output 1 when inputs are
unlike (041 or 1,0),

® Logic gates operate on

A) Continuous Signals

B) Mechanical signals

C) Binary Signals

D) Sound waves

Correct Option: C

Explanation Logic gates work with digital signals
represented by two levelss 0 and 1,

In digital circuits, HIGH level usually represents
A) O

B) 1

C)=1

D) Infinity

Correct Option; B

ExplanationssIn binary system, HIGH voltage corresponds to

logic 1,
@The output of NAND gate is LOW when



A) All inputs are HIGH

B) Any input is LOW

C) All inputs are LOW

D) One input is HIGH

Correct Option: A

Explanations NAND s NOT-AND, When AND output is 1 (all

inputs 1), NAND output becomes 0,
® XOR gate is mainly used in

A) Rectifiers

B) Adders

C) Amplifiers

D) Transformers

Explanations XOR gate is used In half and full adders to
perform binary addition,

@ Universal gates are
A) AND, OR
B) NAND, NOR
C) XOR, XNOR
D) NOT only

Explanation: Both NAND and NOR gates can be used to
lmplement all other basic gates.
OLogic gates are made uSing
A) Resistors only
B) Capacitors only
C) Transistors
D) Inductors

ms Transistors act as electronic switches in digital



circuits to build logic gates,

® In Boolean algebra, multiplication represents

A) OR

B) AND

C) NOT

D) XOR

Correct Option: B

Explanations Logical multiplication corresponds to AND
operation,

@ Digital calculator works on

A) Analogue system

B) Logic gates

C) Mechanical gears

D) Hydraulic system

Correct Option: B

gExplanation: Calculators process binary data using digital

logic circuits,

®A buffer gate is used to

A) Invert signal

B) Increase signal strength
C) Decrease voltage

D) Block S|9nal

Explanaﬁon, Bu‘F‘Fer strengthens or isolates signals without
changing their logic level,

® A 2-Input AND gate has how many input combinations?

A) 2

B) 3

C)4

D) 5



Correct Option; C

Explanation: Two inputs can form 22 = 4 combinations (00
01,10, 11),

® Burglar alarm system is used for

A) Cooling

B) Security

C) Lighting

D) Heating

Correct Option: B

Explanation; Burglar alarms detect unauthorized entry and

provide security by activating an alert,

©® A simple burglar alarm can be made using

A) AND gate

B) NAND gate

C) NOT gate

D) XOR gate

Correct Option: B

Explanations NAND gate is commonly used because it
activates alarm when both inputs meet a specific condition,
® The sensor in burglar alarm detects

A) Motion or opening

B) Heat only

C) Sound only

D) Light only

Correct ‘P;-__-_-;;fl@n., A

‘Explanation: Sensors detect door opening, motion, or
disturbance to trigger the alarm,

@ Output device in burglar alarm is usually

A) Fan

B) Bulb



xplanation? P\ Siren or buzzer produces sound to alert people
durmg intrusion,
® Burglar alarm works on

A) Analogue Signals
B) Digital logic

C) Hydraulic power
D) Steam power

It uses binary conditions (door open/closed)

processed by logic gates,
@ A broken wire in alarm circuit
A) Activates alarm
B) Stops alarm
C) Charges battery
D) Reduces noise

Explanation: Breakmg. the circuit changes logic condition and
tr| g.gers the alarm for safety,
@ Digital electronics deals with
A) Continuous Ssignals
B) Binary Signals
C) Sound waves
D) Heat energy

Explanations Digital electronics processes signals in discrete
'Form (0 and 1),
@®Analogue signals vary



A) Discretely

B) In steps

C) Continuously
D) Digitally

Analogue signals change smoothly over time and

can take infinite values,
® Example of digital device

A) Mercury thermometer

B) Digital clock

C) Microphone

D) Speaker

Dlgntal clock displays time in numerical digits

using bmar‘y logic.,

® Example of analogue device
A) Calculator
B) Computer
C) Mercury thermometer
D) Smartphone

ng Mercury thermometer shows continuous

temperature variation,
® Digital system is less affected by
A) Noise
B) Voltage
C) Current
D) Resistance

nations Digital Signals have clear levels (0 and 1), so



small noise does not affect them easily,
@ In digital system, data is represented by
A) Waves

B)oand 1

C) Graph

D) Frequency

Correct Option: B

ExplanationnDigital electronics uses binary number system,

@ Analogue electronics is used in

A) Amplifiers

B) Counters

C) Flip flops

D) Logic gates

Correct Option: A

Explanation: Amplifiers process continuous signals, which
are analogue in nature,

@Digital signals have

A) Infinite values

B) Two levels

C) Continuous variation

D) Random values

Correct Option: B

Explanation; Digital signals have only two distinct levelss
HIGH and LOW,

@Digital electronics is preferred because it is
A) Less reliable

B) Noisy

C) More reliable

D) Continuous

Correct Option; C




Explanation? Digital systems are more reliable, accurate, and
easier to store and process,
fSRass
@, What is a logic gate?
Answer? A logic gate is an electronic circuit that performs a

basic logical operation on one or more binary inputs to
produce a single output, It works on two voltage levels
representing 0 and 1, Logic gates are the building blocks of
digital electronics and are made using transistors,

@ Why is AND gate called a decision-making gate?

Answer: AND gate produces HIGH output only when all inputs
are HIGH, This means it checks multiple conditions at the
same time, If even one condition is false (0), the output
becomes 0, Therefore, it is used where all required
conditions must be satisfied,

3, Explain the working of OR gate.,

Answers OR gate gives HIGH output if any one of its inputs is
HIGH, It performs logical addition in Boolean algebra, The
output becomes LOW only when all inputs are LOW, It is used
when at least one condition must be true,

4, What is the function of NOT gate?
AnswersNOT gate inverts the input signal, If input is 1,
output becomes 0¢ if input is 0, output becomes 1, It is also



called an inverter, It is used to reverse logic conditions in
digital circuits,

8t Why is NAND gate called a universal gate?

@AnswerspNAND gate is called universal because all other basic
gates (AND, OR, NOT) can be constructed using only NAND
gates, This makes it very important in digital circuit design,

&, What is meant by universal gate?

(ARSWEr: A universal gate is a logic gate that can be used to
implement any Boolean function without using other types of
gates, NAND and NOR gates are examples because they can
form all other gates,

T2 Define Boolean algebra,

@nswers Boolean algebra is a mathematical system used to
analyze and simplify digital logic circuits, It works with
binary numbers 0 and 1 and includes operations like AND, OR,
and NOT,

8. What is the role of transistors in logic gates?
Answery Transistors act as electronic switches in logic
gates, They control the flow of current based on input
Signals, By switching ON and OFF, they produce binary
outputs required for digital circuits,



9 What is XOR gate and where is it used?

Answe.r: XOR gate gives HIGH output when inputs are
different, It is mainly used in binary addition circuits like
half adders and full adders because it performs sum
operation without carry,

10, What is a buffer gate?

Answens A buffer gate passes the input to output without
changing its logic level, It strengthens weak Signals and
provides isolation between circuits to prevent loading
effects,

@2, What is a burglar alarm system?

ARSWerdA burglar alarm system is an electronic security
system designed to detect unauthorized entry, It uses
sensors and logic circuits to activate a Siren or buzzer when
intrusion occurs,

12, How does a simple burglar alarm work?

ganswers A simple burglar alarm uses a switch on a door or
window, When the door opens, the circuit condition changes,
The logic gate detects this change and activates the alarm
sound,

13, What is the function of sensor in burglar alarm?



Answersilhe sensor detects changes such as motion, door
opening, or vibration, It converts physical movement into
electrical signals that are processed by logic circuits,

a4, Why are logic gates used in burglar alarms?
(AnswersiLogic gates process binary conditions such as door
open (1) or closed (0), They decide when to activate the
alarm based on specific logical combinations,

15, What happens when the alarm circuit wire breaks?
Answer:; When the wire breaks, the circuit condition changes.
This change is detected as an intrusion, and the alarm is
activated to ensure safety,

16, What is meant by digital electronics?

Amswen; Digital electronics deals with circuits that process
discrete signals, usually represented by 0 and 1, It is used in
computers, calculators, and digital clocks.

@7, What is analogue electronics?

AnRswer: Analogue electronics deals with continuous Signals
that vary smoothly over time, Examples include amplifiers
and radio circuits.

18, Give one difference between digital and analogue signals,



Answer: Digital signals have only two levels (0 and 1), while
analogue Signals vary continuously and can have infinite
values between minimum and maximum,

19, Why is digital system more reliable than analogue?
Answer: Digital systems are less affected by noise because
small disturbances do not change the logic level easily.
Therefore, they provide more accurate and stable results,

20, What is noise in electronics?

AnswersNoise is an unwanted disturbance that affects
signals in a circuit. Analogue signals are more affected by
noise compared to digital signals,

20, What s ADC?

Answer:; ADC stands for Analog to Digital Converter, It
converts continuous analogue signals into digital form so
they can be processed by digital systems,

@29 What is the importance of logic gates in computers?
@nswer: Logic gates perform arithmetic and logical
operations inside the computer, They form processors and
memory units that handle data processing,

23, What is binary number system?



ARSWERD Binary number system uses only two digits, 0 and 1,
It is the basis of digital electronics because electronic
circuits operate in two states,

2%, Why s XOR gate important in adders?

ARSWErd XOR gate produces sum output in binary addition
when inputs are different, It ensures correct addition
without carry in half adders,

25, What is the main advantage of digital electronics?
(Answer; Digital electronics provides high accuracy, easy
storage of data, and better resistance to noise, It is also
easier to design and maintain,

26, Give one disadvantage of analogue electronics,
ARSWEr; Analogue systems are more affected by noise and
signal distortion, which reduces accuracy.

21, What s NOR gate?
ARSWEFrSINOR gate is a combination of OR gate followed by
NOT gate, It produces HIGH output only when all inputs are

LOW,

28: How is digital clock different from analogue clock
electronically?



@nswer: A digital clock uses binary logic circuits to display
time numerically, while an analogue clock uses continuous
mechanical or electrical motion,

29, What is the role of siren in burglar alarm?

Answen: Siren acts as output device, When triggered, it
produces loud sound to alert people about unauthorized
entry,

30, Why are transistors preferred in digital circuits?
ApSwers Transistors switch quickly between ON and OFF
states, consume less power, and are reliable, making them
suitable for digital circuits,

@31, What is logic level?

Answerglogic level refers to voltage level representing
binary values, HIGH level represents 1 and LOW level
represents O,

32, What s meant by input combination?
ARSWEY; Input combination refers to all possible
arrangements of 0s and 1s at the inputs of a logic gate,

B33 Why is digital data easy to store?
(Answer; Digital data is stored as binary numbers, which can



be easily saved in memory devices without Signal loss,

34, What is the function of AND gate in security system?
Answer; AND gate ensures alarm activates only when all
required security conditions are met,

35, What is continuous signal?
ARSWEr: A continuous signal is one that changes smoothly
over time and can take infinite values within a range,

36. What is discrete signal?
Answers A discrete signal has specific separate values,
usually 0 and 1 in digital electronics.

@M Why is digital electronics used in mobile phones?
ARSWERS Mobile phones process data in binary form using
digital circuits, providing accurate communication and
Storage,

28, What is logic circuit?
ARSWEryA logic circuit is a combination of logic gates
designed to perform a specific logical function,

39, Why is analogue amplifier not used in digital logic?



(Answer; Amplifiers work with continuous signals, while
digital logic requires discrete binary Signals,

%o, What is security system?
(Answier; A security system is an arrangement of electronic
devices designed to detect and prevent unauthorized access.

41 How does motion detector work in alarm?
@Answer: Motion detector senses movement and converts it
into electrical signals that activate the alarm circuit,

%42, What is logic 07
Answers'Logic 0 represents LOW voltage level in digital
electronics,

43, What is logic 17
ARSWer; Logic 1 represents HIGH voltage level in digital
electronics,

44, What is main application of NAND gate?
Answer: NAND gate is widely used in digital circuit design
because it can replace other gates and simplify circuits,

45, What is difference between accuracy of digital and



analogue systems?

Answer; Digital systems are more accurate because they use
fixed binary levels, while analogue systems may suffer from
distortion,

46, What is flip—flop?
Answens Flip-flop is a digital memory element made of logic
gates that stores one bit of data.

47, Why are digital systems easy to program?

Answer: Digital systems operate on binary logic, which can be
controlled and programmed easily using logical instructions
43, What is logical addition?

Answers Logical addition s OR operation in Boolean algebra
where output is 1 if any input is 1,

49, What is logical multiplication?

Answer? Logical multiplication is AND operation where output
is 1 only if all inputs are 1,

©0, Why is burglar alarm important in modern homes?
ARSWER; Burglar alarm provides safety by detecting intrusion
instantly and alerting people, reducing risk of theft and
Increasing securitys,



Short Response Questionss

How do N-type materials and forward biasing affect
semiconductor devices?

Answer;

N-type material has extra electrons that increase the flow
of current,

Forward bias lowers the barrier and allows charge carriers
to move easily across the junction,

Both help the semiconductor device to conduct electricity
more efficiently,

Why are pentavalent impurities called donors and trivalent
impurities acceptors?

Pentavalent impurities has five outer electrons and give one
extra electron to the crystal so they are donors,

Trivalent impurities lack one electron and create a hole by
accepting an electron, so they are called acceptors,

How do relays improve electrical systems? Give examples,
Relays improve electrical systems by using a small current to
control a much larger current safely.

They protect delicate control circuits from high power loads
and allow automatic switching,

For example, relays are used in car starters, home
appliances, and industrial machines,

How does the three terminals of a transistor work together
to amplify signals?



The emitter supplies charge carriers, the base controls their
movement, and the collector collects them to form the
output current,

A small input current at the base controls a larger current
between the collector and emitter,

This process increases the strength of the signal, so the
transistor works as an amplifier,

Why is one end of a transistor highly doped and another the
smallest in size?

One region of a transistor (the emitter) is heavily doped to
supply a large number of charge carriers,

The base 1Is very thin and lightly doped so that most of these
carriers pass through without recombining,

This difference helps the transistor amplify current
efficiently,

What does the arrow In a transistor symbol represent, and
why it is important?

The arrow in a transistor symbol shows the direction of
conventional current through the emitter,

It also helps to Identify whether the transistor is NPN
(arrow out) or PNP (arrow in) type.,

It is important because it shows how the transistor should be
connected and biased in a circuit,

Explain the normal biasing of an NPN transistor, what



happens if it is reversed?

In normal biasing, the base—emitter junction is forward
biased and the base—collector junction is reverse biased.
This allows electrons to flow from the emitter to the
collector, so the transistor works as an amplifier,

Lf the biasing is reversed, the transistor will not conduct
properly and will not amplify the signal,

How does biasing (forward or reverse) change the depletion
region in a diode?

In forward bias, the depletion region becomes narrower,
allowing charge carriers to cross the junction easily and
current to flow,

In reverse bias, the depletion region becomes wider, which
blocks the flow of majority carriers,

Why does n-type or p-type material have zero net charge?
N-type and P-type materials stay neutral overall,

The extra electrons or holes are balanced by opposite
charges of impurity atoms,

So, there is no total charge in the material,

Why are NAND and NOR gates are called universal gates?
NAND and NOR gates are called universal gates because they
can be used to make any other logic gate like AND,OR or NOT,
This means any digital circuit can be built using only NAND or
only NOR gates,

For a NOR gate how do you determine the output for
different inputs?



A NOR gate gives an output 1 only when all inputs are 0,
If any input is 1, the output becomes 0,

So, for two inputs, only (040) gives output 1, and all other
combinations give 0,



EXERCISE MCQS

1, The approximate potential barrier for germanium and
silicon transistors are respectively?

Optionss

A. 0,3V and 0,7V

B, 0,TVand 0,32V

C. 0,TVand 0,5V

D, 0,5 Vand 0,7V

Correct options A, 0,3 Vand 0,7V

Explanation: The potential barrier is the minimum voltage
required to overcome the depletion layer of a PN junction, In
germanium it 1s about 0,3 V, while in silicon it is about 0,7V,
2, The current ratio of beta (B) iss

Optionss

A1 C/IE

B.I B/1IC

C.I1E/IB

D.I C/IB

Correctoption; D. 1 C/1 B

Explanations Beta (B) is the current gain in common-emitter
configuration and is defined as the ratio of collector current
to base current,

3. Which of the following relation is correct for a transistor?
Optionss

A1 C=1B+IE

B,I1 B=1 C+L1L E

C.lEET C+1 B

D,I E=1 C-1B



Correctoption; C, 1 E=1 C+1_B

Explanations According to Kirchhoff’s Current Law, emitter
current is equal to the sum of collector and base currents,
4, The heavily doped region of the transistor is:

Options:

A. Emitter

B. Collector

C. Base

D, All of these

Correct option: A, Emitter

Explanation: The emitter is heavily doped to inject a large
number of charge carriers, The base is lightly doped and thin,
while the collector is moderately doped.

5. A transistor has PN junctions,

Optionss

A, 1

B. 2

C. 2

D. 4

Correct option: B, 2

Explanation: A bipolar junction transistor has three regions
forming two PN junctions; emitter-base and collector-base,
6, 1fI E=1mAandl C=0,25mA then the value of I_B will
bes

Optionss

A, 0,75 mA

B, 0,95 mA

C. 0,65 mA

D, 0,35 mA

Correct option; A, 0,75 mA



Explanations UsingI E=1 C+I B> 1 B=1-0,25=0,75
mA,

Ts 1f the gain B of an NPN transistor is 200 and its collector
current 1s 4 mA, the value of base current will bes
Optionss

A, 20 pA

B, 25 pA

Co 20 pA

D, 35 pA

Correctoption: A, 20 pA

Explanations Using =1 C/1I B> 1 B=4mA/200=0,02
mA = 20 pA,

3. The majority charge carriers in the emitter of an NPN
transistor are?

Optionss

A, pentavalent atoms

B, electrons

C. trivalent atoms

D. holes

Correct option: B, electrons

Explanation: In an NPN transistor, the emitter is N-type
semiconductor where electrons are the majority charge
carriers,

9 The output of a NAND gate is 0 when:

Optionss

A.ATs T andBis 1’

B.Ais 0'andBis 1’

C. both Aand B are 0

D, both Aand B are 1’

Correct option: D, both Aand Bare 1’



Explanations A NAND gate gives output 0 only when both
inputs are 1,

10, If X = A+ B, then X is 0 wheng

Optionss

A, both A and B are 0’

B.AorBis o

C.Ais 0 andBis 'L

D.Als 1 and Bis 0

Correct options A, both A and B are 0’

Explanations X = A + B represents an OR operation, The
output is 0 only when both inputs are 0,

11, The output of a NOR gate is 1" whens

Optionss

A, both of its inputs are 0’

B. both of its inputs are 1’

C. any of its inputs is ‘0’

D, any of its inputs is 1’

Correct options A, both of its inputs are ‘0’

Explanations A NOR gate produces output 1 only when all
inputs are 0,

12, The logical operation performed by the given gate symbol
IS8

Options:

A. AND

B. NOR

C. NAND

D, OR



In a junction transistor, emitter current is 5.82
mA and base current is 120 pA. Calculate the
collector current.

| GIVEN:

e Emitter current (Ig) = 5.82 mA
e Base current (I)=120pA =120x 1076 A

(_REQUIRED: |

The relationship between emitter, base and collector

current is:
Ie = Ib + Ic
Ic=1e - 1Ip
To=582 x107> = 12010 °A
Ic=5.7mA

L SOLUTION:

The relationship between emitter, base and collector

current is:
le = Ib + Ic
- Ic=582x10"3-120x 1076 A
Ic =57mA
: "TANSWER |
Therefore, S ——

Collector current will be 5.7 mA




:

For a 600 pA base current and 30 mA collector
current, how much is the current gain (8)?

) _#

e Base current (I},) = 600 pA
® Collector current (I-) = 30 mA

REQUIRED: A
B R

Current gain (B) = ?

Infobox: _

B is a unitless
q,uanﬁ'fg because
Same units cancel
each other.

Formula:
B=dc
Ip
Bz 30x10‘3_A _ 50
600 x1076
=50

SOLUTION: )

The relationship between emitter, base and collector

current is:
B:=50

@ ANSWER | 3

Therefore,
Current gain () will be 50




Calculate the value of 8 gain if an emitter current
is changed by 4 mA and the collector current
is changed by 3.5 mA.

@ Emitter current (Iz) = 4 mA
® Collector current (I¢) = 3.5 mA

REQUIRED: )

Current gain (3) = ?

. SOLUTION: J

First find Base current (I},):

Ib =Ic-Ic
0.5 mA
Now, calculate 3 gain:

Bl

I
e 0T 1) o TR
P= et
e ANSWER

Therefore,
B gain will be 7




~ Example181 )

When collector current in a junction transistor
is 99.9 mA and base current is 0.1 mA, how much
is the emitter current?

GIVEN:

e Collector current (I.) = 99.9 mA
e Base current (1) = 0.1 mA

REQUIRED:

Emitter current (1,) = ?

SOLUTION:

The relationship ptween emitter, base and collector

current is:
Ie = Ib =+ IC

I, = 0.1 mMA+ 99.9 mA
I, = 100mAor0.1 A

ANSWER
Therefore,

Emitter current will be 100 mA or 0.1 A




~ Example 18.2 D~

Find the value of base current required to turn on the
transistor for a collector current of 150 mA, for a
transistor having current gain g = 190?

GIVEN:

e Collector current (I.) = 150 mA
e Current gain (3) = 190

REQUIRED:

Base current (I,,)) = ?

SOLUTION:
The relationship for current gain is:

I

B =<
I,

g Ic 150 mA

p =
B 190

I, = 0.789 mA

~ ANSWER
Therefore,

Base current to run transistor will be around 0.8 mA
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