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Q. 1 What is the primary difference between conductors, insulators, and semiconductors in
terms of energy bands?
A) Conductors have no band gap, insulators have a wide band gap, and semiconductors
have a narrow band gap.
B) Conductors have a narrow band gap, insulators have no band gap, and semiconductors
have a wide band gap.
C) Conductors have a wide band gap, insulators have a narrow band gap, and
semiconductors have no band gap.
D) Conductors have a narrow band gap, insulators have a narrow band gap, and
semiconductors have no band gap.
Answer: A) Conductors have no band gap, insulators have a wide band gap, and
semiconductors have a narrow band gap.

Q.2 In a semiconductor, what is the term used for the energy range where no electron
states can exist?

A) Valence Band

B) Conduction Band

C) Band Gap

D) Fermi Level
Answer: C) Band Gap

Q. 3 Which of the following best describes the behavior of electrons in the conduction band
of a semiconductor?

A) They are bound to atoms and cannot move.

B) They are free to move and conduct electricity.

C) They are in a state of equilibrium with the valence band.

D) They are in the band gap and contribute to the semiconductor’s resistance.
Answer: B) They are free to move and conduct electricity.




Q.4 What is the role of doping in semiconductors?
A) It increases the band gap of the semiconductor.
B) It decreases the number of free electrons in the semiconductor.
C) It introduces additional charge carriers to the semiconductor.
D) It stabilizes the band structure of the semiconductor.
Answer: C) It introduces additional charge carriers to the semiconductor.

Q. 5 Which type of semiconductor is created by doping with elements that have more
valence electrons than the semiconductor material?

A) N-type Semiconductor

B) P-type Semiconductor

C) Intrinsic Semiconductor

D) Degenerate Semiconductor
Answer: A) N-type Semiconductor

Q. 6 In a P-type semiconductor, the majority charge carriers are:
A) Electrons
B) Holes
C) Protons
D) Neutrons
Answer: B) Holes

Q. 7 The Fermi level in an intrinsic semiconductor is located:
A) At the top of the conduction band
B) At the bottom of the valence band
C) Midway between the conduction band and the valence band
D) At the band edge of the conduction band
Answer: C) Midway between the conduction band and the valence band

Q. 8 Which of the following statements about the band gap in semiconductors is true?
A) A larger band gap corresponds to higher electrical conductivity.
B) The band gap is the energy difference between the conduction band and the valence
band.
C) The band gap determines the material’s magnetic properties.
D) The band gap is zero in both conductors and insulators.
Answer: B) The band gap is the energy difference between the conduction band and the
valence band.

Q. 9 In an N-type semiconductor, which of the following is true about the majority
carriers?

A) They are holes created by the dopant atoms.

B) They are electrons contributed by the dopant atoms.

C) They are photons generated in the band gap.



D) They are protons that are added during doping.
Answer: B) They are electrons contributed by the dopant atoms.

Q. 10 The movement of charge carriers in a semiconductor is primarily influenced by:
A) Temperature and electric fields
B) Magnetic fields and chemical composition
C) Pressure and color
D) Size of the semiconductor material
Answer: A) Temperature and electric fields

Q. 11 Which type of semiconductor is formed by doping with elements from Group V of
the periodic table?

a) p-type Semiconductor

b) n-type Semiconductor

c) Intrinsic Semiconductor

d) Metallic Semiconductor
Answer: b) n-type Semiconductor

Q. 12 What happens to the Fermi level of an intrinsic semiconductor as the temperature
increases?

a) It moves closer to the valence band.

b) It moves closer to the conduction band.

c) It remains unchanged.

d) It moves to the middle of the band gap.
Answer: d) It moves to the middle of the band gap.

Q. 13 Which material is commonly used as a light-emitting diode (LED) due to its direct
band gap?

a) Silicon

b) Germanium

c) Gallium Nitride (GaN)

d) Silicon Carbide (SiC)
Answer: ¢) Gallium Nitride (GaN)

Q. 14 The concentration of free electrons in an n-type semiconductor can be approximated
by:

a) The doping concentration

b) The intrinsic carrier concentration

c) The hole concentration

d) The temperature

Answer: a) The doping concentration



Q. 15 What is the primary mechanism responsible for the movement of charge carriers in a
semiconductor under the influence of an electric field?

a) Diffusion

b) Drift

c¢) Thermal excitation

d) Recombination

Answer: b) Drift

Q. 16 For a semiconductor with a high doping concentration, which of the following
statements is true regarding drift velocity?

a) Drift velocity is higher due to increased electric field.

b) Drift velocity is lower due to increased scattering.

c) Drift velocity remains unchanged regardless of doping concentration.

d) Drift velocity is lower due to increased carrier concentration.

Answer: b) Drift velocity is lower due to increased scattering.

2 Marks Questions

Q. 1 What is direct recombination?
Ans: Direct recombination occurs when an electron directly recombines with a hole, emitting a
photon or releasing energy.

Q. 2 What is steady-state carrier generation?
Ans: Steady-state carrier generation is the condition where the rate of generation of excess
carriers equals the rate of recombination, leading to a stable carrier concentration.

Q.3 What is the quasi-Fermi level?

Ans: The quasi-Fermi level is a concept used to describe the energy levels for electrons and
holes under non-equilibrium conditions, indicating the separation of energy levels for different
types of carriers.

Q. 4 What is carrier diffusion?
Ans: Carrier diffusion is the movement of excess carriers from regions of high concentration to
regions of low concentration due to concentration gradients.

Q. 5 What is the Einstein relation?

Ans: The Einstein relation links the diffusion coefficient of charge carriers to their mobility and
thermal voltage, expressing the relationship between carrier diffusion and drift in a
semiconductor.

Q. 6 What is carrier lifetime and how does direct recombination occur in semiconductors?
Ans: Carrier lifetime refers to the average duration an excess charge carrier (electron or hole)
exists before recombining or being captured. In direct recombination, an electron from the



conduction band directly recombines with a hole in the valence band. This process releases
energy in the form of a photon (in direct bandgap materials) or as heat (in indirect bandgap
materials). The carrier lifetime is crucial for determining the efficiency of optoelectronic devices,
such as LEDs and solar cells.

Q. 7 Describe steady-state carrier generation in semiconductors.

Ans: Steady-state carrier generation occurs when the rate of generation of excess carriers equals
the rate of recombination. This balance ensures that the concentration of excess carriers remains
constant over time. In steady-state conditions, external factors such as light or electrical
excitation create carriers, while recombination processes (both direct and indirect) remove them.
This equilibrium is essential for maintaining stable operation in semiconductor devices, such as
photodetectors and transistors.

Q. 8 What is the drift mechanism in semiconductors?
Ans: The drift mechanism describes the movement of charge carriers in response to an electric
field, causing them to flow and create an electric current.

Q. 9 What are excess carriers in semiconductors?
Ans: Excess carriers are additional charge carriers (electrons or holes) generated in a
semiconductor beyond the equilibrium concentration, typically due to external excitation.

Q. 10 How does optical absorption generate excess carriers?
Ans: Optical absorption generates excess carriers by exciting electrons from the valence band to
the conduction band when light is absorbed.

4 Marks Questions

Q. 1. Explain the concept of the energy band gap in semiconductors and its significance.
Answer: The energy band gap (or simply band gap) in semiconductors is the energy difference
between the valence band and the conduction band. The valence band is the range of electron
energy levels that are filled with electrons, while the conduction band is where electrons are free
to move and conduct electricity. The band gap is a crucial parameter because it determines a
semiconductor’s electrical and optical properties.

« Significance:

o Electrical Conductivity: A semiconductor’s ability to conduct electricity
depends on the size of the band gap. Smaller band gaps allow electrons to
transition from the valence band to the conduction band more easily, leading to
higher conductivity.

o Optical Properties: The band gap influences the wavelength of light that the
semiconductor can absorb or emit. For example, materials with large band gaps
(like GaN) are used in blue LEDs, while those with smaller band gaps (like GaAs)
are used in infrared applications.



o Temperature Dependence: The size of the band gap decreases with increasing
temperature, which affects the semiconductor’s conductivity and performance.

Q. 2. Describe the difference between intrinsic and extrinsic semiconductors.
Answer:
Intrinsic Semiconductors:

« Definition: Intrinsic semiconductors are pure semiconductors without any intentional
doping. Their electrical properties are determined by the material itself.

« Carrier Concentration: In intrinsic semiconductors, the concentration of electrons in the
conduction band is equal to the concentration of holes in the valence band. This is
because electrons are excited from the valence band to the conduction band thermally.

o Examples: Silicon (Si) and Germanium (Ge).

o Carrier Mobility: Carrier mobility and concentration are low compared to extrinsic
semiconductors due to the lack of additional charge carriers.

Extrinsic Semiconductors:

« Definition: Extrinsic semiconductors are doped with specific impurities to increase their
carrier concentration and enhance their electrical properties.

e Types: There are two types:

o n-type: Doped with donor impurities (e.g., Phosphorus in Silicon) that add extra
electrons to the conduction band.

o p-type: Doped with acceptor impurities (e.g., Boron in Silicon) that create holes
in the valence band.

« Carrier Concentration: In n-type semiconductors, the majority carriers are electrons,
whereas in p-type semiconductors, the majority carriers are holes.

Q.3 Explain how different types of bonding forces (e.g., covalent, ionic, metallic) influence
the energy band characteristics in materials.

Ans: Influence of Bonding Forces on Energy Bands:

Covalent Bonds: Covalent bonding results in a shared electron pair between atoms, creating a
covalent band structure with a relatively narrow bandgap. This leads to the formation of
semiconductors.

lonic Bonds: lonic bonding involves the transfer of electrons from one atom to another, leading
to the formation of an ionic band structure with a wide bandgap. This results in insulating
materials.

Metallic Bonds: Metallic bonding involves a "sea" of free electrons shared by atoms, leading to a
metallic band structure with no bandgap. This results in good electrical conductivity.

Q. 4 What is the quasi-Fermi level, and why is it important?

Ans: The quasi-Fermi level is a concept used to describe the energy distribution of electrons and
holes in a semiconductor under non-equilibrium conditions, such as during excitation or in the
presence of an electric field. It separates the energy levels for electrons and holes, providing a
way to understand their behavior and concentration separately. The quasi-Fermi levels are



essential for analyzing the operation of devices like photodiodes and solar cells, where non-
equilibrium conditions are common.

Q. 5 Explain how drift current is generated in a semiconductor and how it is related to the
applied electric field.

Answer:

Drift Current:

o Definition: Drift current is the movement of charge carriers (electrons and holes) in a
semiconductor under the influence of an external electric field.

e Generation: When an electric field is applied across a semiconductor, it exerts a force on
the charge carriers. Electrons move towards the positive terminal, and holes move
towards the negative terminal, creating a net current.

e Relation to Electric Field:

o Drift Velocity: The drift velocity vy of charge carriers is directly proportional to the applied

electric field E' and is given by vg — pE, where p is the mobility of the carriers.

s Drift Current Density: The drift current density .J; is given by J; — gnwy for electrons,
where ¢ is the charge of the carrier and n is the carrier concentration. Substituting vy gives
Ji—gnpE.

e The drift current density increases linearly with the applied electric field, indicating a direct

relationship between the field and the drift current.
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Q. 1 The junction between p-type and n-type semiconductors is called as?
a) Metal-semiconductor junction

b) Schottky junction

C) p-n junction

d) Zener junction

Answer: ¢) p-n junction

Q. 2 In a p-n junction, when a voltage is applied in the forward bias direction, which of the
following occurs?

a) The diode resists the flow of current.

b) Electrons move from the n-side to the p-side.

c) A depletion region increases in size.

d) Current flows easily through the diode.

Answer: d) Current flows easily through the diode.

Q. 3 The depletion region of a p-n junction diode is formed due to:
a) High concentration of charge carriers

b) Diffusion of electrons and holes

c) High applied voltage

d) Electrical breakdown

Answer: b) Diffusion of electrons and holes




Q.4 Which of the following is a major application of the p-n junction?
a) LED lighting

b) Capacitor storage

¢) Magnetic resonance imaging (MRI)

d) Electrochemical cell operation

Answer: a) LED lighting

Q. 5 A typical diode is usually forward biased when: a) The anode is connected to the positive
terminal of the battery.

b) The cathode is connected to the positive terminal of the battery.

c) The anode is connected to the negative terminal of the battery.

d) Both the anode and cathode are connected to the same terminal.

Answer: a) The anode is connected to the positive terminal of the battery.

Q. 6 What is the primary function of a light-emitting diode (LED)?
a) To amplify electrical signals

b) To convert electrical energy into light energy

c) To store electrical energy

d) To act as a rectifier in circuits

Answer: b) To convert electrical energy into light energy

Q. 7 In an ideal p-n junction diode, which of the following is true?

a) The reverse current is constant, regardless of the applied voltage.

b) The forward current increases exponentially with voltage above a threshold.

c) There is no current flow in either forward or reverse bias.

d) The diode has zero resistance in reverse bias.

Answer: b) The forward current increases exponentially with voltage above a threshold.

Q. 8 What is the primary function of a light-emitting diode (LED)?
a) To amplify electrical signals

b) To convert electrical energy into light energy

c) To store electrical energy

d) To act as a rectifier in circuits

Answer: b) To convert electrical energy into light energy



Q. 9 The working principle of a photodiode is based on:

a) The emission of electrons when illuminated

b) The absorption of light by semiconductor material causing electron-hole pair generation
c) The generation of light when current flows through it

d) The change in resistance due to temperature variation

Answer: b) The absorption of light by semiconductor material causing electron-hole pair

generation

Q. 10 Which of the following is commonly used as a photodetector in optical
communication systems?

a) Photodiode

b) LED

c) Solar cell

d) Light bulb

Answer: a) Photodiode

Q. 11 A photodetector is a device that:

a) Converts light energy into heat energy

b) Converts light energy into an electrical signal
c) Amplifies an electrical signal

d) Stores electrical energy

Answer: b) Converts light energy into an electrical signal

Q. 12 In a photodetector circuit, the photocurrent is proportional to:
a) The voltage applied to the photodetector

b) The frequency of the incident light

c) The intensity of the incident light

d) The wavelength of the incident light

Answer: ¢) The intensity of the incident light

Q. 13 Which of the following is the primary characteristic of a phototransistor?
a) It converts light into a high-voltage signal

b) It amplifies the current generated by light exposure

c) It only detects infrared light

d) It requires high bias voltage to operate



Answer: b) It amplifies the current generated by light exposure

Q. 14 Which type of photodetector is commonly used in solar cells to convert sunlight into
electrical power?

a) Phototransistor

b) Photodiode

c) Solar cell (photovoltaic cell)

d) Light-dependent resistor (LDR)

Answer: ¢) Solar cell (photovoltaic cell)

Q. 15 Which material is commonly used in the construction of photodiodes?
a) Silicon

b) Copper

c) Gallium arsenide (GaAs)

d) Both a) and c)

Answer: d) Both a) and c) (Silicon and Gallium arsenide)

Q. 16 The dark current in a photodiode refers to:

a) The current generated by the photodiode in the absence of light

b) The current flowing when the photodiode is exposed to very high intensity light
c) The current flowing through the photodiode when it is forward biased

d) The current generated when the photodiode is reverse biased

Answer: a) The current generated by the photodiode in the absence of light

Q. 17 Which of the following factors does not significantly affect the performance of a
photodetector?

a) Wavelength of incident light

b) Material properties of the photodetector

¢) Intensity of the incident light

d) The resistance of the photodetector

Answer: d) The resistance of the photodetector



2 Marks Questions

Q. 1 What is the principle of operation of a photodiode?
Ans: A photodiode operates by generating electron-hole pairs when exposed to light. When light
of sufficient energy strikes the semiconductor material, it excites electrons, creating charge

carriers that flow through the device, producing a photocurrent.

Q. 2 What is the difference between a photodiode and a phototransistor?
Ans: A photodiode generates a photocurrent when illuminated and operates mainly in reverse
bias. A phototransistor, on the other hand, amplifies the photocurrent, working like a transistor

with the base current controlled by light, making it more sensitive than a photodiode.

Q.3 What is the significance of quantum efficiency in a photodetector?
Ans: Quantum efficiency refers to the ratio of the number of charge carriers (electrons or holes)
generated to the number of photons absorbed by the photodetector. Higher quantum efficiency

indicates better performance in converting light into electrical signals.

Q. 4 What is the dark current in a photodiode, and how does it affect its performance?
Ans: Dark current is the small current that flows through a photodiode even in the absence of
light, due to thermal generation of charge carriers. It limits the photodiode’s sensitivity and can
add noise to the signal.

Q. 5 What is the advantage of using a photodetector with a high response time?
Ans: A photodetector with a high response time can quickly detect changes in light intensity,
making it suitable for applications requiring high-speed measurements, such as in optical

communication systems and high-frequency light sensors.

Q. 6 What is the working principle of a solar cell?

Ans: A solar cell works on the principle of the photovoltaic effect, where photons from sunlight
strike the semiconductor material of the solar cell, exciting electrons and creating electron-hole
pairs. These charge carriers are separated by the built-in electric field, generating an electrical

current.

Q. 7 Explain the role of the p-n junction in a solar cell.
Ans: The p-n junction in a solar cell creates an electric field that separates the electron-hole pairs

generated by the absorption of light. The electrons are pushed toward the n-type layer, and the



holes are pushed toward the p-type layer, resulting in the flow of current when the cell is

connected to a load.

Q. 8 What is the effect of temperature on the performance of a solar cell?
Ans: As the temperature increases, the efficiency of a solar cell typically decreases. Higher
temperatures reduce the open-circuit voltage and increase the leakage current, leading to a
decrease in overall power output. This is why solar panels are often rated for performance under
standard test conditions (STC), which are 25°C.

Q. 9 Explain the concept of a "knee voltage™ in a forward-biased diode.
Ans: The knee voltage (or threshold voltage) is the voltage at which the current through a
forward-biased diode begins to increase significantly. For silicon diodes, this is typically around
0.7V. Below this voltage, the current remains very small, and after this voltage, the current

increases rapidly with further increases in voltage.
Q. 10 What is the breakdown voltage in a reverse-biased p-n junction?

Ans: The breakdown voltage is the voltage at which a reverse-biased p-n junction begins to
conduct a large current, typically due to either Zener breakdown or Avalanche breakdown. At
this point, the electric field is strong enough to cause a large number of electron-hole pairs to be

generated, leading to a significant increase in current.

4 Marks Questions

Q. 1. State the advantages of using photodiodes in comparison to phototransistors.
Answer: Photodiodes offer several advantages over phototransistors:

o Faster Response Time: Photodiodes generally have faster response times than
phototransistors, making them suitable for high-speed applications like optical
communications.

e Lower Noise: Photodiodes produce less noise compared to phototransistors, which
makes them more suitable for precise measurements.

« Linearity: The photocurrent in a photodiode is more linear with respect to the incident
light intensity, while a phototransistor's response can be nonlinear.

o Efficiency: Photodiodes are more efficient at converting light to current in certain

applications due to their simpler design.



Q. 2. What are the advantages of using LEDs over traditional incandescent bulbs?

Answer: LEDs have several advantages over traditional incandescent bulbs:

Energy Efficiency: LEDs consume significantly less power than incandescent bulbs for
the same light output.

Longer Lifespan: LEDs last much longer, typically 25,000 to 50,000 hours, compared to
around 1,000 hours for incandescent bulbs.

Lower Heat Output: LEDs produce very little heat, making them safer and more
efficient in terms of energy conversion.

Instant Lighting: LEDs reach full brightness instantly, unlike incandescent bulbs that
take time to warm up.

Environmentally Friendly: LEDs contain no mercury, unlike some other lighting

technologies, making them more environmentally friendly.

Q.3 What are the factors that affect the performance of a photodetector?

Answer: Several factors affect the performance of a photodetector:

Quantum Efficiency: The ratio of the number of charge carriers generated to the number
of incident photons, affecting how efficiently light is converted into an electrical signal.
Wavelength Sensitivity: Photodetectors are sensitive to different wavelengths,
depending on the material used. This determines the range of light they can detect (e.g.,
visible, infrared, or ultraviolet).

Noise: Noise sources such as dark current and thermal noise can reduce the signal-to-
noise ratio, affecting accuracy.

Response Time: The speed at which the photodetector responds to changes in light
intensity. Faster response times are important in high-speed applications.

Temperature: Higher temperatures can increase dark current and decrease the efficiency

of photodetectors, affecting their overall performance.

Q. 4 What are the advantages of using solar cells for energy generation?

Answer: Solar cells offer several advantages for energy generation:

Renewable Energy Source: Solar cells generate electricity from sunlight, a renewable
resource, making them a sustainable option for long-term energy production.
Environmentally Friendly: Solar power production does not emit greenhouse gases or

pollutants, helping to reduce the carbon footprint.



Low Operating Costs: Once installed, solar cells have low maintenance and operating
costs since they don’t require fuel.
Scalable: Solar power systems can be scaled from small residential rooftop systems to

large solar farms, offering flexibility in deployment.

Q. 5 What factors affect the efficiency of a solar cell?

Answer: Several factors influence the efficiency of a solar cell:

Material Quality: The type of semiconductor material used affects the cell's ability to
absorb light and convert it into electricity. High-quality silicon generally results in higher
efficiency.

Light Intensity: The amount of sunlight hitting the solar cell directly impacts its power
output. More sunlight means higher energy conversion.

Temperature: Higher temperatures can reduce the efficiency of a solar cell. Cells
typically perform better at lower temperatures.

Angle and Orientation: The angle at which the solar cell is positioned relative to the sun
affects how much sunlight it receives, influencing its overall efficiency.

Reflection Losses: Some of the light that hits the surface of the solar cell is reflected off

rather than being absorbed. Anti-reflective coatings can help reduce this loss.



