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Subject Name & Code: 

BASIC ELECTRONICS ENGINEERING- BE01R0111 

(Disclaimer: The purpose of these AI-generated responses is just education and reference. Utilise them to grasp topics and 
structure, but always rewrite in your own words and double-check the content before submitting.) 

 

ASSIGNMENT SOLUTION 

Assignment – 1 

 

Q-1: Explain the working principle of a p-n junction diode with neat diagrams. 

 

Answer: 

A p-n junction diode is formed by joining a p-type semiconductor (with holes as 
majority carriers) and an n-type semiconductor (with electrons as majority 
carriers). Its operation is governed by the behavior of the depletion region at the 
junction. 

 Unbiased Condition (Equilibrium): At the instant of junction formation, 
electrons and holes diffuse across the junction, recombining with each other. 
This creates a region near the junction devoid of free charge carriers, known as 
the Depletion Region. This region contains immobile positive donor ions on 
the n-side and immobile negative acceptor ions on the p-side, creating an 
internal electric field and an associated Barrier Potential (~0.7 V for Si, ~0.3 
V for Ge). This potential prevents further diffusion, establishing equilibrium. 

 Forward Bias: When the positive terminal of a battery is connected to the p-
side and the negative to the n-side, the applied external voltage opposes the 
internal barrier potential. 

o This reduces the width of the depletion region and the height of the 
barrier potential. 

o When the external voltage exceeds the barrier potential, a large current 
flows due to the uninhibited diffusion of majority carriers (holes from p-
side and electrons from n-side). 

 Reverse Bias: When the positive terminal is connected to the n-side and the 
negative to the p-side, the applied voltage supports the internal barrier 
potential. 

o This increases the width of the depletion region and the height of the 
barrier potential. 
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o The majority carriers are pulled away from the junction, preventing 
current flow. Only a very small, saturation current (𝐼ௌ), due to minority 
carriers, flows. This current is temperature-dependent. 

 

Q-2: Derive and explain the DC load line for a diode circuit. 

 

Answer: 

The DC load line is a graphical tool used to find the operating point (Q-point) of a 
nonlinear device (like a diode) in a linear circuit. 

 Circuit: Consider a simple circuit with a DC voltage source 𝑉ௌ, a series 
resistor 𝑅, and a diode. 

 Derivation: Applying Kirchhoff's Voltage Law (KVL) to the loop gives the 
equation: 𝑉ௌ = 𝐼஽𝑅 + 𝑉஽. 

o This equation has two variables, 𝐼஽ and 𝑉஽. It is a linear equation. 
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 Plotting the Load Line: The load line is the graph of this KVL equation on the 
diode's I-V characteristic curve. 

o X-intercept: When 𝐼஽ = 0, the equation becomes 𝑉ௌ = 𝑉஽. This point 
(V_S, 0) is on the X-axis. 

o Y-intercept: When 𝑉஽ = 0, the equation becomes 𝐼஽ = 𝑉ௌ/𝑅. This point 
(0, V_S/R) is on the Y-axis. 

 The Q-Point: The point where this straight load line intersects the nonlinear 
diode characteristic curve is the Quiescent Point or Q-Point. This point gives 
the exact current 𝐼஽ and voltage 𝑉஽ at which the diode operates for the 
given 𝑉ௌ and 𝑅. 

 

Q-3: Compare ideal, practical, and real diode models. 

 

Answer: 
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Feature 
Ideal Diode 

Model 
Practical Diode 

Model 
Real Diode Model 

Forward 
Voltage 
(V_F) 

𝑉ி = 0ௗ𝑉 
𝑉ி = Constant (e.g., 

0.7 V for Si) 

𝑉ி = 𝑉௖௢௡௦௧௔௡௧ + (𝐼ி ×

𝑅ௌ), where 𝑅ௌ is bulk 
resistance 

Reverse 
Current 

(I_R) 
𝐼ோ = 0ௗ𝐴 𝐼ோ = 0ௗ𝐴 

𝐼ோ is a small, finite 
value (µA to nA) 

Reverse 
Breakdown 

Does not 
occur 

Not considered 
Considered; has a 

specific breakdown 
voltage 𝑉஻ோ 

Analysis 
Complexity 

Simplest; for 
quick 

estimations 

Most commonly used; 
good balance of 

accuracy/simplicity 

Most accurate; used 
for high-

frequency/precision 
analysis 

 

Q-4: Describe the temperature effect on a diode’s characteristics. 

 

Answer: 

 On Forward Voltage (𝑉ி): For a constant forward current, the forward voltage 
drop decreases with an increase in temperature. The temperature coefficient is 
approximately -2.2 mV/°C for a silicon diode. 

 On Reverse Saturation Current (𝐼ௌ): The reverse saturation 
current increases significantly with temperature. It approximately doubles for 
every 10°C rise in temperature. 

 On Breakdown Voltage (𝑉஻ோ/𝑉௓): The effect depends on the breakdown 
mechanism. 

o For Zener diodes (low voltage, <5V), the breakdown 
voltage decreases with temperature (negative TC). 

o For Avalanche diodes (high voltage, >7V), the breakdown 
voltage increases with temperature (positive TC). 
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Q-5: Write a short note on Zener diodes and their applications. 

 

Answer: 

A Zener diode is a specially fabricated p-n junction designed to operate reliably in 
the reverse breakdown region. The key feature is that the voltage across it (𝑉௓) 
remains nearly constant for a wide range of reverse currents. 

Applications: 

1. Voltage Regulation: Used as a shunt regulator to provide a stable DC output 
voltage from an unregulated power supply, despite variations in input voltage 
or load current. 

2. Voltage Reference: Provides a precise and stable reference voltage in circuits 
like power supplies, analog-to-digital converters (ADCs), and voltage 
comparators. 

3. Overvoltage Protection: Placed across a sensitive component, it clamps any 
transient voltage spikes to a safe level (𝑉௓), protecting the component. 

4. Waveform Clipping: Used in wave-shaping circuits to limit the peak 
amplitude of a signal to the Zener voltage level. 

 

Q-6: A silicon diode has a forward voltage drop of 0.7 V. Calculate the current 
through a series circuit with a 10 V source and a 1 kΩ resistor. 

 

Answer: 

 Step 1: Apply Kirchhoff's Voltage Law (KVL) to the series loop. 

o 𝑉ௌ௢௨௥௖௘ − 𝑉ோ௘௦௜௦௧௢௥ − 𝑉஽௜௢ௗ௘ = 0 

 Step 2: Substitute the known values into the KVL equation. 

o 10ௗV − 𝑉ோ − 0.7ௗV = 0 

 Step 3: Solve for the voltage across the resistor (𝑉ோ). 

o 𝑉ோ = 10ௗV − 0.7ௗV 

o 𝑉ோ = 9.3ௗV 

 Step 4: Apply Ohm's Law to find the current (𝐼) through the circuit. 

o 𝐼 =
௏ೃ

ோ
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 Step 5: Substitute the values to calculate the current. 

o 𝐼 =
ଽ.ଷௗV

ଵ଴଴଴ௗஐ
 

o 𝐼 = 0.0093ௗA 

 Step 6: Convert the current to milliamperes (mA). 

o 𝐼 = 0.0093 × 1000 = 9.3ௗmA 

Final Answer: The current through the circuit is 9.3 mA. 

 

Q-7: For a Zener diode with Vz = 5.1 V and load resistance 1 kΩ, calculate the 
minimum series resistor required for a 12 V input to ensure regulation. 

 

Answer: 

 Step 1: State the standard assumption for minimum Zener current (𝐼௓(௠௜௡)). 

o Let 𝐼௓(௠௜௡) = 5ௗmA. 

 Step 2: Calculate the load current (𝐼௅) using Ohm's Law. 

o 𝐼௅ =
௏ೋ

ோಽ
=

ହ.ଵௗV

ଵ଴଴଴ௗஐ
 

o 𝐼௅ = 0.0051ௗA = 5.1ௗmA 

 Step 3: Calculate the total current (𝐼ௌ) that must flow through the series resistor 
(𝑅ௌ). 

o 𝐼ௌ = 𝐼௅ + 𝐼௓(௠௜௡) 

o 𝐼ௌ = 5.1ௗmA + 5ௗmA = 10.1ௗmA 

 Step 4: Calculate the voltage drop across the series resistor (𝑉ோೄ). 

o 𝑉ோೄ = 𝑉௜௡ − 𝑉௓ 

o 𝑉ோೄ = 12ௗV − 5.1ௗV = 6.9ௗV 

 Step 5: Apply Ohm's Law to find the maximum allowable value of 𝑅ௌ. 

o 𝑅ௌ(௠௔௫) =
௏ೃೄ

ூೄ
=

଺.ଽௗV

଴.଴ଵ଴ଵௗA
 

o 𝑅ௌ(௠௔௫) ≈ 683.17ௗΩ 

 Step 6: Select the nearest standard resistor value that is less than this calculated 
maximum to ensure the Zener current is always sufficient. 



 

 
 

7 DESISTUDENTS.ME 

November 28, 2025 

o A standard 680 Ω resistor is suitable. 

Final Answer: The minimum series resistor required (using standard value) 
is 680 Ω. 

 

Q-8: Compare half-wave and full-wave rectifiers. Derive efficiency and ripple factor. 

 

Answer: 

Parameter Half-Wave Rectifier 
Full-Wave Rectifier 
(Center-Tapped) 

No. of Diodes 1 2 

Transformer 
Requirement 

Simple Center-tapped 

Average DC 
Voltage (𝑉ௗ௖) 

𝑉ௗ௖ =
𝑉௠
𝜋

 𝑉ௗ௖ =
2𝑉௠
𝜋

 

RMS Voltage (𝑉௥௠௦) 𝑉௥௠௦ =
𝑉௠
2

 𝑉௥௠௦ =
𝑉௠

√2
 

Efficiency (η) 

𝜂 =
𝑃ௗ௖
𝑃௔௖

=
(𝑉௠/𝜋)

ଶ/𝑅௅
(𝑉௠/2)

ଶ/𝑅௅

=
4

𝜋ଶ

≈ 40.6% 

𝜂 =
(2𝑉௠/𝜋)

ଶ/𝑅௅

(𝑉௠/√2)
ଶ/𝑅௅

=
8

𝜋ଶ

≈ 81.2% 

Ripple Factor (γ) 
𝛾 = ඨ(

𝑉௥௠௦

𝑉ௗ௖
)ଶ − 1

= ට(
𝜋

2
)ଶ − 1 ≈ 1.21 

𝛾 = ඨ(
𝜋

2√2
)ଶ − 1

≈ 0.48 

Ripple Frequency 𝑓 (same as input) 2𝑓 (twice the input) 
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Q-9: Explain the operation of Zener diode voltage regulator. 

 

Answer: 

A Zener diode voltage regulator maintains a constant output voltage across a load, 
despite variations in the input voltage or the load current. It operates in the reverse 
breakdown region. 

 Circuit: It consists of an unregulated DC input voltage (𝑉௜௡), a current-limiting 
series resistor (𝑅ௌ), and a Zener diode connected in parallel with the load 
resistor (𝑅௅). 

 Principle of Operation: 

1. Constant Load, Varying Input Voltage: If 𝑉௜௡ increases, it tends to 
increase 𝑉௢௨௧. However, an increase in 𝑉௢௨௧ (which is 𝑉௓) causes a large 
increase in the Zener current (𝐼௓). The voltage drop across 𝑅ௌ (𝐼ௌ𝑅ௌ) 
increases, compensating for the rise in 𝑉௜௡, thus keeping 𝑉௢௨௧ constant. 
The reverse happens if 𝑉௜௡ decreases. 

2. Constant Input, Varying Load: If 𝑅௅ decreases (load 
current 𝐼௅ increases), 𝐼ௌ tends to increase, increasing the drop across 𝑅ௌ, 
which would tend to decrease 𝑉௢௨௧. However, a slight decrease 
in 𝑉௢௨௧ causes a significant decrease in 𝐼௓. This keeps the total 
current 𝐼ௌ = 𝐼௓ + 𝐼௅ relatively constant, and hence 𝑉௢௨௧ remains stable. 

 

 



 

 
 

9 DESISTUDENTS.ME 

November 28, 2025 

 

Q-10: Describe RC and LC filters in power supply circuits. 

 

Answer: 

 RC Filter: 

o Construction: A resistor (R) in series with the load, and a capacitor (C) 
in parallel with the load. 

o Operation: The resistor limits the current flow, while the capacitor 
offers a very low impedance path (shunt) to the AC ripple component to 
ground. The smoothed DC appears across the capacitor and the load. 

o Advantages: Simple, small size, low cost. 

o Disadvantages: Poor voltage regulation due to voltage drop across R, 
low efficiency, suitable only for light load currents. 

 LC Filter (Choke Input Filter): 

o Construction: An inductor (L) in series with the load, and a capacitor 
(C) in parallel with the load. 

o Operation: The inductor (choke) offers high impedance to the AC 
ripple and low resistance to DC. The capacitor further shunts the 
remaining AC ripple to ground. 

o Advantages: Excellent ripple reduction, better voltage regulation than 
RC filter, high efficiency, suitable for heavy load currents. 

o Disadvantages: Bulky, heavy, and more expensive. 

 

Q-11: Draw and explain clipper and clamper circuits. 

 

Answer: 
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 Clipper (Limiter): A clipper circuit removes or "clips off" a portion of the 
input waveform that exceeds a specific voltage level. It is used for waveform 
shaping and protection. 

o Explanation: A simple series clipper uses a diode. If the diode is in 
series with the input and a reference bias voltage, it will conduct only 
when the input voltage exceeds a certain level (bias + V_F), thereby 
clipping the peaks. 

 Clamper (DC Restorer): A clamper circuit shifts the entire input waveform 
vertically, either up or down, to a desired DC level without distorting its shape. 
It is used in television receivers and test equipment. 

o Explanation: A clamper typically consists of a capacitor, a diode, and 
sometimes a DC bias source. The capacitor charges to the peak value of 
the input during one half-cycle and then acts as a battery, adding or 
subtracting this DC level to the input waveform in subsequent cycles. 
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Q-12: Design a Zener diode shunt regulator to maintain 5 V across a load of 1k ohm. 

 

Answer: 

Design Steps: 

 Step 1: Define Parameters. 

o 𝑉௢௨௧ = 𝑉௓ = 5ௗV 

o 𝑅௅ = 1ௗkΩ 

o Assume a nominal input voltage 𝑉௜௡ = 9ௗV 

 Step 2: Assume a minimum Zener current for regulation. 

o 𝐼௓(௠௜௡) = 5ௗmA 

 Step 3: Calculate the load current (𝐼௅). 

o 𝐼௅ =
௏೚ೠ೟

ோಽ
=

ହௗV

ଵ଴଴଴ௗஐ
= 5ௗmA 

 Step 4: Calculate the total current through 𝑅ௌ (𝐼ௌ). 

o 𝐼ௌ = 𝐼௅ + 𝐼௓(௠௜௡) = 5ௗmA + 5ௗmA = 10ௗmA 

 Step 5: Calculate the voltage drop across 𝑅ௌ (𝑉ோೄ). 

o 𝑉ோೄ = 𝑉௜௡ − 𝑉௢௨௧ = 9ௗV − 5ௗV = 4ௗV 

 Step 6: Calculate the value of 𝑅ௌ. 

o 𝑅ௌ =
௏ೃೄ

ூೄ
=

ସௗV

଴.଴ଵ଴ௗA
= 400ௗΩ 

 Step 7: Calculate the power rating for 𝑅ௌ. 

o 𝑃ோೄ = 𝐼ௌ
ଶ × 𝑅ௌ = (0.01)ଶ × 400 = 0.04ௗW 

o Select a 400 Ω, 1/4 W (or 0.25 W) resistor. 

 Step 8: Select a Zener diode. 

o Choose a 5.1V Zener diode (standard value). 

o Estimate maximum Zener current (𝐼௓(௠௔௫)) when load is disconnected 

(𝐼௅ = 0) and 𝑉௜௡ is maximum (assume 𝑉௜௡(௠௔௫) = 10𝑉). 

o 𝐼ௌ(௠௔௫) =
௏೔೙(೘ೌೣ)ି௏ೋ

ோೄ
=

ଵ଴ିହ.ଵ

ସ଴଴
≈ 12.25ௗmA 

o With no load, all this current flows through the Zener: 𝐼௓(௠௔௫) ≈

12.25ௗmA 
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o 𝑃௓ = 𝑉௓ × 𝐼௓(௠௔௫) = 5.1ௗV × 0.01225ௗA ≈ 0.0625ௗW 

o Select a 5.1V, 1W Zener diode for a good safety margin. 

Final Design Summary: 

 Input Voltage (𝑉௜௡): 9 V 

 Series Resistor (𝑅ௌ): 400 Ω, 1/4 W 

 Zener Diode (𝐷௓): 5.1 V, 1 W 

 Load Resistor (𝑅௅): 1 kΩ 

 

Q-13: Write short note on Voltage Multiplier circuits. 

 

Answer: 

Voltage multipliers are circuits that generate a high DC output voltage from a 
lower voltage AC source using a network of diodes and capacitors. They function 
by switching capacitors between parallel (charging) and series (discharging) 
connections with the voltage source. 

 Principle: On one half-cycle of the AC input, capacitors are charged in parallel 
to the peak input voltage (𝑉௠). On the opposite half-cycle, these charged 
capacitors are connected in series with each other and with the input source, 
effectively adding their voltages to produce an output that is a multiple of 𝑉௠. 

 Types: 

o Voltage Doubler: Produces an output of 2𝑉௠. (e.g., Half-Wave Voltage 
Doubler). 

o Voltage Tripler: Produces an output of 3𝑉௠. 

o Voltage Quadrupler: Produces an output of 4𝑉௠. 

 Applications: Used in applications requiring high voltage and low current, 
such as Cathode Ray Tubes (CRTs), photomultiplier tubes, X-ray systems, and 
laser equipment. 

 

 

**************** 
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Assignment – 2 

 

Q-1: What is a transistor? Explain different configurations of a transistor and their 
uses. 

 

Answer: 

A transistor is a three-terminal, semiconductor device used to amplify or switch 
electronic signals and electrical power. It is the fundamental building block of 
modern electronic devices. 

Different Configurations and their Uses: 

 Common Emitter (CE): 

o Description: The emitter terminal is common to both input and output. 

o Characteristics: High current gain, high voltage gain, high power gain, 
medium input impedance, medium output impedance, phase inversion 
between input and output. 

o Uses: Most widely used configuration for audio frequency amplifiers. 

 Common Base (CB): 

o Description: The base terminal is common to both input and output. 

o Characteristics: Low current gain (<1), high voltage gain, high power 
gain, very low input impedance, very high output impedance, no phase 
inversion. 

o Uses: High-frequency applications, impedance matching, microphone 
preamplifiers. 

 Common Collector (CC) / Emitter Follower: 

o Description: The collector terminal is common to both input and 
output. 

o Characteristics: High current gain, voltage gain ≈ 1 (slightly less), high 
power gain, very high input impedance, very low output impedance, no 
phase inversion. 

o Uses: Used as a buffer for impedance matching, in driver stages, and as 
a voltage regulator. 
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Q-2: What is bipolar junction transistor? 

 

Answer: 

A Bipolar Junction Transistor (BJT) is a three-layer, three-terminal semiconductor 
device. It consists of two p-n junctions and is available in two types: NPN and 
PNP. The three terminals are the Emitter (E), Base (B), and Collector (C). It is 
called "bipolar" because both electrons and holes are involved in the current 
conduction process. Current flow is controlled by the injection of minority carriers 
across the base-emitter junction. 

Q-3: What is power dissipated by transistor in active region? 

 

Answer: 

The total power dissipated (𝑃஽) by a transistor is the sum of the power dissipated at 
the collector-base junction and the base-emitter junction. Since the voltage across 
the base-emitter junction (𝑉஻ா) is very small compared to the collector-emitter 
voltage (𝑉஼ா), the power dissipation is approximately the product of the collector 
current and the collector-emitter voltage. 

Formula: 

𝑃஽ ≈ 𝑉஼ா ⋅ 𝐼஼ + 𝑉஻ா ⋅ 𝐼஻ 
 

For most practical purposes, as 𝐼஻ is very small: 

𝑃஽ ≈ 𝑉஼ா ⋅ 𝐼஼ 
 

This power is dissipated as heat. 

 

Q-4: Explain all types of transistor configurations? 

 

Answer: 

(This is a repeat of Question 1. Please refer to the answer for Question 1 above.) 

 

Q-5: What are α,β and γ in a transistor ? Derive their values and relations between 
them.

 

Answer: 
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These are the transistor's current gain parameters. 

 α (Alpha) - Common Base (CB) Current Gain: 

o Definition: The ratio of the collector current (𝐼஼) to the emitter current 
(𝐼ா). 

o Formula: 𝛼 =
ூ಴

ூಶ
 

o Value: Always less than 1, typically between 0.95 and 0.995. 

 β (Beta) - Common Emitter (CE) Current Gain: 

o Definition: The ratio of the collector current (𝐼஼) to the base current 
(𝐼஻). 

o Formula: 𝛽 =
ூ಴

ூಳ
 

o Value: Typically ranges from 20 to 1000 for most transistors. 

 γ (Gamma) - Common Collector (CC) Current Gain: 

o Definition: The ratio of the emitter current (𝐼ா) to the base current (𝐼஻). 

o Formula: 𝛾 =
ூಶ

ூಳ
 

Relation Derivation: 
We know from transistor physics: 𝐼ா = 𝐼஼ + 𝐼஻ 

 Relation between β and α: 

o Start with the definition of β: 𝛽 =
ூ಴

ூಳ
 

o From 𝐼ா = 𝐼஼ + 𝐼஻, we get 𝐼஻ = 𝐼ா − 𝐼஼ 

o Substitute 𝐼஻: 𝛽 =
ூ಴

ூಶିூ಴
 

o Divide numerator and denominator by 𝐼ா: 𝛽 =

಺಴
಺ಶ

಺ಶ
಺ಶ
ି
಺಴
಺ಶ

=
ఈ

ଵିఈ
 

o Therefore: 𝛽 =
ఈ

ଵିఈ
 

 Relation between γ and β: 

o Start with the definition of γ: 𝛾 =
ூಶ

ூಳ
 

o From 𝐼ா = 𝐼஼ + 𝐼஻, we get 𝛾 =
ூ಴ାூಳ

ூಳ
=

ூ಴

ூಳ
+ 1 

o Therefore: 𝛾 = 𝛽 + 1 
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 Relation between γ and α: 

o We have 𝛾 = 𝛽 + 1 and 𝛽 =
ఈ

ଵିఈ
 

o Substitute: 𝛾 =
ఈ

ଵିఈ
+ 1 =

ఈାଵିఈ

ଵିఈ
=

ଵ

ଵିఈ
 

o Therefore: 𝛾 =
ଵ

ଵିఈ
 

 

Q-6: Explain input output characteristics of CE configuration of BJT 

 

Answer: 

The Common Emitter (CE) characteristics describe how the BJT behaves in its 
most common amplifier configuration. They are divided into two graphs: 

A) Input Characteristics: 

 This is a plot of Base Current (I_B) versus Base-Emitter Voltage (V_BE), 
with Collector-Emitter Voltage (V_CE) kept constant. 

 The curve looks like a diode characteristic. For a fixed V_CE, I_B increases 
rapidly once V_BE exceeds the cut-in voltage (~0.5V for Si). 

 As V_CE increases, the curve shifts slightly right because the wider depletion 
region reduces the effective base width, slightly lowering I_B for the same 
V_BE. For V_CE > 1V, the curves merge. 

B) Output Characteristics: 

 This is a plot of Collector Current (I_C) versus Collector-Emitter Voltage 
(V_CE), for different constant values of Base Current (I_B). 

 This family of curves defines three key regions of operation: 

1. Active Region: (The flat, horizontal zone) 

 The transistor acts as an amplifier. 

 I_C is controlled by I_B (𝐼஼ ≈ 𝛽𝐼஻) and is largely independent of 
V_CE. 

 BE junction is forward-biased; BC junction is reverse-biased. 

2. Saturation Region: (The steep, left-side zone) 

 The transistor acts as a closed switch. 

 I_C is maximum and determined by the external circuit (V_CC / 
R_C). 
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 Both BE and BC junctions are forward-biased. 

3. Cut-off Region: (The area near the X-axis where I_B = 0) 

 The transistor acts as an open switch. 

 I_C is nearly zero (only leakage current I_CEO flows). 

 Both BE and BC junctions are reverse-biased. 

 

 

Q-7: What is ICBO and ICEO in a transistor what is relation between ICEO,ICBO 
and ICO? 

 

Answer: 

 I_CBO: This is the Reverse Saturation Current flowing between the 
Collector and Base terminals when the emitter is open-circuited. It is the 
leakage current of the reverse-biased Collector-Base junction. 

 I_CEO: This is the Collector Cut-off Current flowing between the Collector 
and Emitter terminals when the base is open-circuited. It is much larger than 
I_CBO. 

Relation Derivation: 

 When the base is open (𝐼஻ = 0), the transistor is not completely off. I_CBO 
flows from collector to base. 

 This I_CBO acts as a base current for the transistor. Since the transistor is in 
the active region (collector reverse-biased, emitter forward-biased), this small 
base current gets amplified. 

 The resulting collector current will be: 𝐼஼ = 𝛽𝐼஻ + 𝐼஼஻ை 

 With 𝐼஻ = 0, the equation becomes: 𝐼஼ = 𝐼஼ாை = 𝛽 ⋅ 0 + (𝛽 + 1)𝐼஼஻ை 
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 Therefore, the relation is: 𝐼஼ாை = (𝛽 + 1)𝐼஼஻ை 

Note: I_CO is an older, sometimes used symbol for I_CBO. So, 𝐼஼ாை = (𝛽 +

1)𝐼஼ை 
 

 

Q-8: What are the different regions of operation of transistor? 

 

Answer: 

A BJT has three main regions of operation: 

1. Active Region: 

o Biasing: Base-Emitter junction is Forward Biased. Base-Collector 
junction is Reverse Biased. 

o Operation: The transistor acts as an Amplifier. Collector current (𝐼஼) is 
proportional to the base current (𝐼஻), i.e., 𝐼஼ = 𝛽𝐼஻. 

2. Saturation Region: 

o Biasing: Both Base-Emitter and Base-Collector junctions are Forward 
Biased. 

o Operation: The transistor acts as a Closed Switch. Maximum collector 
current flows. 𝑉஼ா is very low, typically 0.2V (V_CE(sat)). 

3. Cut-off Region: 

o Biasing: Both Base-Emitter and Base-Collector junctions are Reverse 
Biased. 

o Operation: The transistor acts as an Open Switch. Negligible collector 
current flows (𝐼஼ ≈ 0). The entire supply voltage 𝑉஼஼ appears across the 
collector and emitter. 

 

Q-9: What is DC load line? Explain with necessary diagram. 

 

Answer: 

The DC load line is a straight line drawn on the output characteristic curves (I_C 
vs. V_CE) of a transistor that represents all possible operating points (I_C, V_CE) 
for the given bias circuit and supply voltage under DC conditions. 
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 Purpose: It is used to find the Quiescent (Q-) point, which is the DC operating 
point of the transistor in the absence of an AC signal. 

 Equation: For a simple common-emitter circuit with collector resistance R_C 
and supply voltage V_CC, the equation is derived from KVL: 𝑉஼஼ = 𝐼஼𝑅஼ +

𝑉஼ா. This is a linear equation. 

 Plotting: 

o Point A (Saturation Point): When 𝑉஼ா = 0, 𝐼஼ = 𝑉஼஼/𝑅஼. This point is 
on the Y-axis. 

o Point B (Cut-off Point): When 𝐼஼ = 0, 𝑉஼ா = 𝑉஼஼. This point is on the 
X-axis. 

o The straight line connecting these two points is the DC Load Line. 

 

Q-10: Why biasing is important in transistor? Explain voltage divider bias with 
diagram. 

 

Answer: 
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Importance of Biasing: 
Biasing is crucial to set a stable DC operating point (Q-point) in the active region 
of the transistor. This ensures that: 

1. The transistor operates over the linear portion of its characteristic curve for 
faithful amplification without distortion. 

2. The Q-point remains stable despite variations in temperature and transistor 
parameters (like β). 

Voltage Divider Bias (or Emitter Bias): 
This is the most widely used biasing circuit due to its excellent stability. 

 Circuit Description: It uses two resistors (R1 and R2) connected in series 
across the supply voltage V_CC to form a voltage divider. This divider 
provides a fixed base voltage (𝑉஻). An emitter resistor (R_E) is added for 
stability. 

 Operation: 

1. The voltage divider provides a relatively constant base voltage 𝑉஻. 

2. The emitter voltage is 𝑉ா = 𝑉஻ − 𝑉஻ா. 

3. The emitter current is 𝐼ா = 𝑉ா/𝑅ா ≈ 𝐼஼. 

4. The collector voltage is 𝑉஼ = 𝑉஼஼ − 𝐼஼𝑅஼. 

5. If 𝐼஼ tries to increase due to temperature, 𝐼ா increases, causing 𝑉ா to 
increase. Since 𝑉஻ is fixed, the increase in 𝑉ா reduces the base-emitter 
voltage (𝑉஻ா = 𝑉஻ − 𝑉ா), which in turn reduces the base current 𝐼஻, 
opposing the original increase in 𝐼஼. This is negative feedback, which 
stabilizes the Q-point. 

 



 

 
 

21 DESISTUDENTS.ME 

November 28, 2025 

Q-11: What is stability factor? Explain. 

 

Answer: 

The Stability Factor (S) is a measure of how effectively a biasing circuit can 
maintain the Q-point stable against variations in the transistor parameters, 
primarily the reverse saturation current (𝐼஼஻ை) and the current gain (𝛽). 

 Definition: It is defined as the rate of change of collector current (𝐼஼) with 
respect to the reverse saturation current (𝐼஼஻ை), keeping 𝛽 and 𝑉஻ா constant. 

𝑆 =
∂𝐼஼
∂𝐼஼஻ை

 

 

 Interpretation: 

o A lower value of Stability Factor (S) indicates a more stable circuit. 

o Ideal Value: S = 1 (perfect stability, but not practically achievable). 

o Worst Case: For a fixed-bias circuit, 𝑆 = 𝛽 + 1 (highly unstable). 

o Good Stability: For a voltage divider bias circuit, the value of S is 
much lower, typically between 5 and 15, indicating very good stability. 

 The goal of biasing circuit design is to achieve a low Stability Factor. 

 

 

**************** 
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Assignment – 3 

 

Q-1: Draw and explain the transistor AC equivalent circuit. 

 

Answer: 

To analyze the AC (small-signal) performance of an amplifier, we replace the 
transistor with a model consisting of resistors and controlled sources. This 
simplifies the analysis of gain, input, and output impedance. 

 Explanation: The AC equivalent circuit is derived by: 

1. Short-circuiting all DC voltage sources (like Vcc). 

2. Short-circuiting all large capacitors (coupling and bypass capacitors), as 
they act as short circuits at signal frequencies. 

3. Replacing the transistor with its small-signal model (like the hybrid-π or 
h-parameter model). 

 Key Components in a Common Hybrid-π Model: 

o r_π (Input Resistance): The resistance between base and emitter, seen 

by the AC signal. 𝑟గ =
ఉ

௚೘
. 

o g_m (Transconductance): Represents the amplification. The dependent 
current source is 𝑔௠𝑣௕௘, which means the output collector current is 
proportional to the input base-emitter voltage. 

o r_o (Output Resistance): The internal resistance between collector and 
emitter, representing the Early Effect. 
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Q-2: Explain coupling and bypass capacitor function in amplifiers. 

 

Answer: 

 Coupling Capacitor (e.g., C_in, C_out): 

o Function: To block the DC component of a signal while allowing the 
AC component to pass. 

o Purpose: It isolates the DC bias of one amplifier stage from the next, 
preventing the DC operating point (Q-point) of one stage from 
disturbing the other. It "couples" the AC signal from one stage to the 
next. 

 Bypass Capacitor (e.g., C_e across R_e): 

o Function: To provide a low-impedance AC path to ground for a resistor. 

o Purpose: In a CE amplifier with an emitter resistor (R_e) for DC 
stability, the capacitor (C_e) is placed in parallel with it. For DC, the 
capacitor is open, so R_e provides negative feedback for Q-point 
stability. For AC, the capacitor shorts R_e, eliminating the AC negative 
feedback and thus maximizing the voltage gain of the amplifier. 

 

Q-3: Which are the transistor models for the small signal a.c. analysis? Explain 
hybrid model for any transistor configuration. 

 

Answer: 

The two main transistor models for small-signal AC analysis are: 

1. The h-parameter (Hybrid) model. 
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2. The hybrid-π model. 

Explanation of the h-parameter model for a Common Emitter configuration: 
This model represents the transistor as a two-port network with input and output 
voltages and currents related by a set of parameters called h-parameters. 

 Input Equation: 𝑉ଵ = ℎ௜௘𝐼ଵ + ℎ௥௘𝑉ଶ 

 Output Equation: 𝐼ଶ = ℎ௙௘𝐼ଵ + ℎ௢௘𝑉ଶ 

Where for a CE configuration: 

 ℎ௜௘: Short-circuit input impedance (Ω). It is the resistance seen looking into the 
base. 

 ℎ௥௘: Open-circuit reverse voltage gain (unitless). It gives the feedback effect of 
output voltage on input voltage. 

 ℎ௙௘: Short-circuit forward current gain (β, unitless). This is the most important 
parameter, representing the current amplification. 

 ℎ௢௘: Open-circuit output admittance (1/Ω). It is the output conductance. 

In practice, for simplified analysis, ℎ௥௘ is considered negligible (≈ 0) and ℎ௢௘ is 
neglected if the load resistance is much smaller than 1/ℎ௢௘. 

 

Q-4: What is the a.c. load line in the transistor? Write its significance. 

 

Answer: 

 Definition: The AC load line is a straight line drawn on the output 
characteristic curves (Ic vs. Vce) that represents all possible instantaneous 
operating points when an AC signal is applied. Its slope is determined by the 
total AC load resistance seen by the collector, which is often the parallel 
combination of Rc and the external load RL (𝑅௔௖ = 𝑅஼ ∣∣ 𝑅௅). 

 Significance: 

1. It determines the maximum undistorted output voltage swing. 

2. It shows how the collector current (ic) and collector-emitter voltage 
(vce) vary with the AC signal around the Q-point. 

3. For maximum symmetrical swing (to avoid clipping), the Q-point 
should be positioned at the center of the AC load line. 
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Q-5: Explain common Emitter amplifier. 

 

Answer: 

The Common Emitter (CE) amplifier is the most widely used transistor amplifier 
configuration due to its high voltage and current gain. 

 Configuration: The input signal is applied to the base, the output is taken from 
the collector, and the emitter is common to both (often connected to ground via 
a capacitor for AC signals). 

 Characteristics: 

o High Voltage Gain: Provides a large inverted (180° phase shift) output 
voltage relative to the input. 

o High Current Gain: Current gain is approximately β. 

o High Power Gain: Product of voltage and current gain. 

o Moderate Input Impedance. 

o Moderate Output Impedance. 

 Usage: It is the workhorse of audio and general-purpose voltage amplification 
stages. 

 

Q-6: Explain the working of transistor as a switch. 

 

Answer: 

A transistor operates as a switch by alternating between its Cut-
off and Saturation regions. 

 OFF State (Cut-off): 

o Condition: The base-emitter voltage (Vbe) is less than the cut-in 
voltage (~0.5V for Si). Effectively, base current Ib ≈ 0. 

o Operation: The transistor is off. No collector current flows (Ic ≈ 0). The 
full supply voltage Vcc appears across the collector and emitter (Vce ≈ 
Vcc). It acts as an open switch. 

 ON State (Saturation): 

o Condition: A sufficient base current (Ib > Ib(min) = Ic(sat)/β) is applied 
to fully turn on the transistor. 
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o Operation: The transistor is driven into saturation. Maximum collector 
current flows, limited by the external resistor and supply voltage (Ic(sat) 
≈ Vcc / Rc). The voltage Vce drops to a very low value, Vce(sat) 
(~0.2V). It acts as a closed switch. 

 

Q-7: Compare CE, CB and CC configurations. 

 

Answer: 

Parameter 
Common 
Emitter 
(CE) 

Common 
Base (CB) 

Common 
Collector (CC) / 
Emitter 
Follower 

Input 
Impedance 

Medium (a 
few kΩ) 

Very Low (a 
few tens of Ω) 

Very High (a few 
hundred kΩ) 

Output 
Impedance 

Medium (≈ 
Rc) 

Very High (a 
few hundred 
kΩ) 

Very Low (a few 
tens of Ω) 

Voltage 
Gain 

High (≈ -
gmRc) 

High (≈ 
gmRc) 

Approximately 1 
(slightly less) 

Current 
Gain 

High (β) Low (α ≈ 1) High (β + 1) 

Power Gain Highest High Medium 

Phase Shift 180° 0° 0° 

Application 
Voltage 
Amplifier 

High-
Frequency 
Circuits, 
Current 
Buffer 

Impedance 
Matching, Voltage 
Buffer 
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Assignment – 4 

 

Q-1: Explain JFET construction and characteristics. 

 

Answer: 

A Junction Field-Effect Transistor (JFET) is a voltage-controlled, unipolar 
semiconductor device. 

 Construction: 

o It is made from a bar of n-type or p-type semiconductor, called 
the channel (n-channel or p-channel). 

o The ends of the channel are called the Drain (D) and Source (S). 

o The Gate (G) is formed by heavily doping the opposite type of 
semiconductor (p-type for n-channel, n-type for p-channel) on the sides 
of the channel, creating two p-n junctions. 

o The channel's conductivity is controlled by the width of the depletion 
region of these p-n junctions. 

 Characteristics: 

o Output Characteristics (I_D vs. V_DS): This plot shows a family of 
curves for different V_GS values. 

 Ohmic/Linear Region: At low V_DS, I_D increases linearly 
with V_DS. The channel acts like a voltage-controlled resistor. 

 Saturation/Pinch-off Region: As V_DS increases, the depletion 
regions widen near the drain, "pinching" the channel. I_D 
becomes constant and is controlled primarily by V_GS. This is 
the amplifier region. 

 Breakdown Region: At very high V_DS, the p-n junction breaks 
down, and I_D increases rapidly. 

o Transfer Characteristic (I_D vs. V_GS): This shows how I_D 
decreases as V_GS becomes more negative (for n-channel), following 

the relation: 𝐼஽ = 𝐼஽ௌௌ(1 −
௏ಸೄ

௏ು
)ଶ. Here, I_DSS is the drain current when 

V_GS = 0, and V_P is the pinch-off voltage. 
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Q-2: Write short note on E-type MOSFET. 

 

Answer: 

 Full Name: Enhancement-Type Metal-Oxide-Semiconductor Field-Effect 
Transistor. 

 Construction: It has no pre-defined channel. The drain and source are two 
heavily doped regions of one type (e.g., n+ for n-MOS), separated by a lightly 
doped substrate of the opposite type (p-type for n-MOS). The gate is insulated 
from the substrate by a thin layer of silicon dioxide (SiO₂). 

 Operation: 

o At V_GS = 0, no channel exists, so no current flows between drain and 
source (I_D = 0). 

o When a positive V_GS (for n-MOS) is applied, it repels holes and 
attracts electrons to the surface under the oxide, forming an inversion 
layer or "n-channel". 

o This induced channel connects the drain and source, allowing current 
(I_D) to flow when V_DS is applied. 

o The minimum V_GS required to form the channel is called 
the Threshold Voltage (V_TH). 

 

Q-3: What are the advantages of N-channel MOSFET over P-channel MOSFET? 

 

Answer: 
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 Higher Mobility: Electrons (charge carriers in n-channel) have higher mobility 
than holes (charge carriers in p-channel). This makes n-channel MOSFETs 
faster and can carry more current for the same physical size. 

 Lower On-Resistance (R_DS(on)): Due to higher electron mobility, n-channel 
MOSFETs have a lower resistance when turned on, leading to higher efficiency 
and less power loss. 

 Smaller Size: For the same current rating, an n-channel MOSFET can be made 
smaller than a p-channel one. 

 Cost-Effectiveness: They are cheaper to manufacture for a given performance 
level. 

 

Q-4: Compare BJT, FET and JFET 

 

Answer: 

Parameter BJT (Bipolar) JFET (Junction) 
MOSFET 

(Metal-Oxide) 

Charge 
Carriers 

Both electrons & 
holes (Bipolar) 

Majority only 
(Unipolar) 

Majority only 
(Unipolar) 

Control 
Mechanism 

Current-controlled 
(I_B) 

Voltage-
controlled 
(V_GS) 

Voltage-controlled 
(V_GS) 

Input 
Impedance 

Low Very High Extremely High 

Switching 
Speed 

Medium Fast Very Fast 

Noise Higher Lower Lowest 

Thermal 
Stability 

Poor Better Good 
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Parameter BJT (Bipolar) JFET (Junction) 
MOSFET 

(Metal-Oxide) 

Fabrication / 
Size 

Larger Smaller Smallest (VLSI) 

 

Q-5: Differentiate between JFET and MOSFET.. 

 

Answer: 

Feature JFET MOSFET 

Gate Structure p-n Junction 
Metal-Oxide-Semiconductor 
(Insulated Gate) 

Input Impedance 
Very High (~10⁹ 
Ω) 

Extremely High (~10¹⁰ to 10¹⁵ Ω) 

Mode of Operation Depletion-only 
Depletion & Enhancement types 
available 

Gate Current 
Small leakage 
current 

Negligible (almost zero) 

Handling Static 
Electricity 

Less sensitive 
Very sensitive (can be damaged 
easily by ESD) 

Cost Low Very Low (for mass production) 

 

Q-6: Explain FET as an amplifier. 

 

Answer: 

A FET (JFET or MOSFET) can be used as a voltage amplifier in the saturation 
(active) region. 
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 Principle: A small change in the input voltage (V_gs) causes a large change in 
the output drain current (I_d). This varying current is passed through a drain 
resistor (R_D), producing a large, inverted output voltage swing (V_ds) across 
it. 

 Voltage Gain (A_v): The voltage gain is given by 𝐴௩ = −𝑔௠𝑅஽, where: 

o 𝑔௠ is the transconductance, which measures how effectively the input 
voltage controls the output current. 

o 𝑅஽ is the drain resistor. 

o The negative sign indicates a 180° phase inversion between input and 
output (for Common Source configuration). 

 

Q-7: Define following for FET : a) transconductance b) Pinch-off voltage c) Drain 
resistance d)Amplification factor e) Power dissipation 

 

Answer: 

 a) Transconductance (g_m): It is the ratio of the change in drain current 
(ΔI_D) to the change in gate-source voltage (ΔV_GS) that caused it, with 

V_DS kept constant. 𝑔௠ =
୼ூವ

୼௏ಸೄ
∣௏ವೄୀ௖௢௡௦௧௔௡௧. Unit: Siemens (S) or mho. 

 b) Pinch-off Voltage (V_P): For a JFET, it is the gate-source voltage (V_GS) 
at which the drain current (I_D) becomes essentially zero (the channel is fully 
pinched off). 

 c) Drain Resistance (r_d): The ratio of the change in drain-source voltage 
(ΔV_DS) to the change in drain current (ΔI_D), with V_GS kept constant. 𝑟ௗ =
୼௏ವೄ

୼ூವ
∣௏ಸೄୀ௖௢௡௦௧௔௡௧. It is the AC output resistance. 

 d) Amplification Factor (μ): It is the ratio of the change in drain-source 
voltage (ΔV_DS) to the change in gate-source voltage (ΔV_GS) that maintains 

a constant drain current (I_D). 𝜇 = −
୼௏ವೄ

୼௏ಸೄ
∣ூವୀ௖௢௡௦௧௔௡ . It is related by 𝜇 =

𝑔௠ ⋅ 𝑟ௗ. 

 e) Power Dissipation (P_D): The maximum power the device can safely 
dissipate as heat, given by 𝑃஽ = 𝑉஽ௌ ⋅ 𝐼஽. 

 

Q-8: Write advantages and disadvantages of FET over BJT. 
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Answer: 

 Advantages: 

1. Very High Input Impedance: Draws negligible gate current, making it 
ideal for interfacing with sensors and high-impedance sources. 

2. Voltage-Controlled Device: Easier to bias and interface with digital 
circuits. 

3. Lower Noise: Better for low-noise amplifier input stages. 

4. Thermal Stability: Less prone to thermal runaway. 

5. Higher Efficiency: Can be made with very low on-resistance, leading to 
high switching efficiency. 

 Disadvantages: 

1. Lower Gain-Bandwidth Product: Generally slower than BJTs at very 
high frequencies (though MOSFETs excel in high-speed switching). 

2. Higher Cost for high-power, high-frequency applications. 

3. ESD Sensitivity: MOSFETs are easily damaged by electrostatic 
discharge. 

 

Q-9: What is the different method for biasing the transistor? Explain any two 
methods with necessary circuit diagram. 

 

Answer: 

Common biasing methods for FETs are: 

1. Fixed Bias 

2. Self-Bias 

3. Voltage Divider Bias 

4. Source Bias 

Explanation of Two Methods: 

1. Self-Bias (for JFET): 

 Circuit: A resistor (R_S) is connected in series with the source terminal. The 
gate is connected to ground through a high-value resistor (R_G), making V_G 
= 0V. 
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 Operation: Drain current (I_D) flows through R_S, developing a voltage V_S 
= I_D * R_S. Since V_G = 0, the gate-source voltage is 𝑉 ௌ = 𝑉 − 𝑉ௌ =

−𝐼஽𝑅ௌ. This negative V_Gs sets up the required reverse bias automatically. It 
provides good stability. 

 

 

2. Voltage Divider Bias (for MOSFET): 

 Circuit: Similar to BJT. Two resistors (R1 and R2) form a voltage divider from 

V_DD to ground, setting the gate voltage 𝑉 = 𝑉஽஽
ோଶ

ோଵାோଶ
. A source resistor 

(R_S) is also used. 

 Operation: The gate voltage V_G is fixed by the divider. The source voltage is 
V_S = I_D R_S. Therefore, the gate-source voltage is 𝑉 ௌ = 𝑉 − 𝑉ௌ. This 
method provides very stable Q-point and is commonly used with Enhancement 
MOSFETs. 
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**************** 
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Assignment – 5 

 

Q-1: Explain the working principle of an LED and discuss its advantages and 
limitations in various applications. 

 

Answer: 

 Working Principle: A Light Emitting Diode (LED) is a p-n junction diode 
made from a direct bandgap semiconductor (like GaAs, GaP). When it 
is forward-biased, electrons from the n-region cross the junction and 
recombine with holes in the p-region. During this recombination process, the 
excess energy is released in the form of photons (light). The color of the 
emitted light depends on the bandgap energy of the semiconductor material 
used. 

 Advantages: 

o High Efficiency: Converts a high percentage of electrical energy 
directly into light, minimizing heat loss. 

o Long Lifespan: Lasts significantly longer (50,000+ hours) than 
incandescent or fluorescent bulbs. 

o Small Size & Ruggedness: Solid-state construction makes them durable 
and very compact. 

o Fast Switching Speed: Can be turned on and off extremely quickly, 
useful for communication. 

o Low Voltage & Current Operation: Safe for low-power applications. 

 Limitations: 

o Higher Initial Cost: More expensive to manufacture than traditional 
light sources. 

o Temperature Sensitivity: Performance and lifespan can degrade at high 
temperatures. 

o Requires Precise Drive Current: Needs a constant current source to 
prevent damage from current spikes. 

 

Q-2: Explain the working principle of photodiodes. 

 

Answer: 
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A photodiode operates in reverse bias mode. When light (photons) with energy 
greater than the material's bandgap strikes the depletion region, it generates 
electron-hole pairs. The strong electric field in the reverse-biased depletion region 
swiftly sweeps these charge carriers across the junction. This movement of carriers 
constitutes a reverse current (known as photocurrent) that is proportional to the 
intensity of the incident light. In essence, it converts light energy directly into 
electrical current. 

Q-3: Explain the working principle of solar cell with necessary diagram.. 

 

Answer: 

A solar cell is essentially a large-area photodiode operated without an external 
bias, in photovoltaic mode. 

 Working Principle: It uses a p-n junction. When light photons strike the cell, 
they generate electron-hole pairs in the depletion region. The built-in electric 
field of the junction then separates these charges, pushing electrons toward the 
n-side and holes toward the p-side. This creates a potential difference (voltage) 
between the two layers. When an external load is connected, a direct current 
(DC) flows, powering the load. 

 

Q-4: Explain the working of PIN diode. 

 

Answer: 

A PIN diode has a three-layer structure: p-type, intrinsic (undoped), and n-type. 
The intrinsic region is much wider than the p and n regions. 

 Working: 
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o Forward Bias: Holes and electrons are injected from the p and n 
regions into the intrinsic layer. This makes it an excellent conductor, 
acting like a variable resistor controlled by the forward current. 

o Reverse Bias: The intrinsic region gets depleted, making the diode a 
very good insulator with a constant, low capacitance. 

 Applications: Used as a RF switch, photodetector, and in attenuator 
circuits due to its variable resistance characteristic. 

 

Q-5: Explain the working of Varactor diode. 

 

Answer: 

A Varactor diode, or varicap diode, is a p-n junction diode operated under reverse 
bias. 

 Working: In reverse bias, the depletion region acts as an insulator between the 
p and n regions, which act as capacitor plates. The width of this depletion 
region (and hence the capacitance) changes with the applied reverse voltage. A 
higher reverse voltage widens the depletion region, decreasing the 
capacitance, and vice-versa. 

 Application: It is used as a voltage-controlled capacitor in electronic tuning 
circuits for oscillators, filters, and phase-locked loops (PLLs). 

 

Q-6: Explain the working of Schottky diode. 

 

Answer: 

A Schottky diode is formed by a metal-semiconductor junction (e.g., metal and n-
type silicon), instead of a p-n junction. 

 Working: When forward-biased, electrons (majority carriers) are injected from 
the n-type semiconductor into the metal. Since there is no minority carrier 
injection and storage (as in a p-n junction), the diode can switch between on 
and off states very rapidly. 

 Key Features: 

o Very fast switching speed. 

o Lower forward voltage drop (~0.15-0.3 V) than a silicon p-n junction 
diode. 
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 Application: Used in high-frequency applications, RF mixers, power rectifiers, 
and as clamping diodes in digital circuits. 

 

Q-7: Explain the working of Tunnel diode. 

 

Answer: 

A Tunnel diode is a heavily doped p-n junction diode. 

 Working: Due to extreme doping, the depletion region is very narrow. This 
allows electrons to "tunnel" through the potential barrier via a quantum 
mechanical effect, even when the forward bias is very low. This tunneling 
current causes a region in its I-V characteristic where an increase in voltage 
leads to a decrease in current, known as the Negative Resistance Region. 

 Application: Used in high-frequency oscillators and microwave amplifiers 
because of its negative resistance property. 

 

Q-8: Explain working of seven segment display  

 

Answer: 

A seven-segment display is an assembly of seven Light Emitting Diodes 
(LEDs) arranged in a specific pattern (like the number '8'). 

 Working: Each of the seven LEDs is labeled from 'a' to 'g'. By forward-biasing 
different combinations of these segments, different numerals (0-9) and some 
letters can be displayed. For example, to display the number '7', segments a, b, 
and c are lit up. 

 Types: 

o Common Anode (CA): All anodes of the LEDs are connected to a 
common positive voltage. Segments are lit by applying a ground (low) 
signal to their cathodes. 

o Common Cathode (CC): All cathodes are connected to a common 
ground. Segments are lit by applying a positive voltage (high) to their 
anodes. 
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