










Rearranged as:

I =
Vsource − Vdiode

R
(Load line equation)

2.2 Graphical Interpretation

• Voltage intercept: Vdiode = Vsource when I = 0

• Current intercept: I = Vsource/R when Vdiode = 0

• Slope: −1/R (steeper with larger R)

2.3 Q-Point (Quiescent Point)

• Intersection of load line and diode I-V curve

• Determines steady-state (IQ, VQ)

• Critical for proper operation (e.g., forward bias for LEDs)

3 Dynamic Resistance

3.1 Definition and Formula

• Dynamic Resistance (rd): AC small-signal resistance in forward bias:

rd =
nVT

IQ
where VT =

kT

q

– n: Ideality factor (1 for Si, 1-2 for GaAs)

– VT : Thermal voltage (∼ 26 mV at 300K)

– IQ: Quiescent DC current from Q-point

• Derived from diode equation’s slope: rd = dV
dI
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Chapter One

1  Introduction

Understanding  diode  behavior  is  crucial  for  electronics  design.

•  DC  Load  Line:  Graphical  tool  to  find  operating  points

•  Dynamic  Resistance:  Small-signal  AC  resistance

Real-world  relevance:  A  solar  charger  circuit  failing  due  to  temperature-induced  Q-point  shifts!

2  Diode  DC  Load  Line  Analysis

2.1  Deriving  the  Load  Line

•  Circuit:  Diode  +  resistor  R  +  DC  source  Vsource

•  KVL  equation:  Vsource  =  Vdiode  +  I  ·  R



3.2 Temperature Dependence

• Thermal Voltage (VT ): Increases linearly with T :

VT ∝ T (e.g., 26mV → 34mV at 100◦C)

• Quiescent Current (IQ): Grows exponentially with T (due to IS dependence)

• Net Effect on rd:

rd =
nVT

IQ
⇒ rd ↓ as T ↑

– Dominated by IQ’s exponential rise

– Critical for AC amplifiers: Gain ∝ 1/rd

4 Temperature Effects on Diode Behavior

4.1 Forward Bias Region

• VF decreases ≈ −2mV/
◦
C (Si)

• Diode equation:

I = IS

(
e

V
nVT − 1

)
where VT =

kT

q

• VT increases with T , IS grows exponentially

• Net effect: I-V curve shifts leftward

4.2 Reverse Bias Region

• IS doubles every 10◦C (increased leakage)

4.3 Q-Point Shift with Temperature

• Higher T ⇒ VF ↓⇒ IQ ↑

• Risk of thermal runaway in power circuits

4.4 Temperature Impact on Dynamic Resistance

• At fixed Vsource and R:

– T ↑⇒ IQ ↑ (due to IS and VT )

– rd = nVT

IQ
↓ by ∼ 50% per 25◦C

• Design Tip: Use feedback or constant-current biasing to stabilize rd

5 Practical Implications and Solutions

5.1 Circuit Stability

• Problems: Q-point drift, thermal runaway, rd variability

• Solutions:
- Heatsinks
- Temperature-compensated diodes
- Constant-current sources for stable IQ
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5.2 Applications

• Diode thermometers (using VF vs T )

6 Summary

• Load line slope depends on R, determines Q-point

• Temperature ↑⇒ VF ↓, IS ↑

• Dynamic Resistance: rd ∝ T/IQ ⇒ decreases with T

• Always design for worst-case temperature!
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1. Junction Capacitance (Reverse Bias)

1.1 Physical Origin

• Arises from charge variation in depletion region

• Dominates under reverse bias conditions

• Mathematical expression:

Cj =
εsA

W

Where:

– εs = Semiconductor permittivity

– A = Junction area

1

Diode  Capacitance:  Junction  and

Diffusion  Effects

Physics of Semiconductor 2024-2025 Prof. Dr. Qais Thanon

– W = Depletion width



1.2 Key Equations

Depletion width for abrupt junction:

W =

√
2εs(Vbi + VR)

q

(
NA +ND

NAND

)

Built-in potential:

Vbi =
kT

q
ln

(
NAND

n2
i

)

Simplified capacitance expression:

Cj =
Cj0√
1 + VR

Vbi

1.3 Example Calculation

For silicon p+n diode (NA = 1019 cm−3, ND = 1016 cm−3):

Vbi ≈ 0.88V

W ≈ 0.94 µm

Cj ≈ 1.1 pF
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Cjo  is the depletion region capacitance without biasing voltage



2. Diffusion Capacitance (Forward Bias)

2.1 Physical Origin

• Results from minority carrier storage in neutral regions

• Dominates under forward bias

• Governing equation:

Cd =
τIF
ηVT

Where:

– τ = Minority carrier lifetime

– IF = Forward current

– η = Emission coefficient (1-2)

– VT = kT/q ≈ 0.026V

2.2 Key Equations

Stored charge in neutral regions:

Q = τIS

(
eVF /ηVT − 1

)

Total diode capacitance:

Ctotal = Cj + Cd
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2.3 Example Calculation

For τ = 1 µs, IF = 10mA:

Cd ≈ 385 nF

3. Comparative Analysis

Parameter Junction (Cj) Diffusion (Cd)

Dominant region Reverse bias Forward bias

Voltage dependence (Vbi + VR)
−1/2 eVF /ηVT

Typical values pF range nF-µF range

Temperature dep. ∝ 1/
√
T ∝ T

Applications Varactors, tuning Switching circuits, LEDs

4. Practical Implications

• Junction Capacitance:

– Critical for RF/microwave circuits

– Limits reverse recovery time

– Used in voltage-controlled oscillators

• Diffusion Capacitance:

– Limits diode switching speed

– Important for power electronics
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– Dominates in LED and laser diode operation

5. Summary

• Two distinct capacitance mechanisms operate in different bias

regimes

• Junction capacitance: Depletion region charge modulation

• Diffusion capacitance: Minority carrier storage effect

• Understanding both essential for high-frequency and power ap-

plications
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Half-Wave Rectifier: RMS Voltage Derivation and
Ripple Factor

1. RMS Voltage Derivation

Let the input AC voltage be:

vin(t) = Vm sin(ωt)

For a half-wave rectifier, the output voltage is:

v(t) =

{
Vm sin(ωt), 0 ≤ t < π/ω

0, π/ω ≤ t < 2π/ω

The RMS voltage is defined as:

Vrms =

√
1

T

∫ T

0

v2(t) dt

Substitute the waveform and period T = 2π
ω :

Vrms =

√
1

2π/ω

∫ π/ω

0

(Vm sin(ωt))
2
dt

= Vm

√
ω

2π

∫ π/ω

0

sin2(ωt) dt

Use the identity sin2(ωt) = 1−cos(2ωt)
2 :

Vrms = Vm

√
ω

2π

∫ π/ω

0

1− cos(2ωt)

2
dt

= Vm

√
ω

4π

∫ π/ω

0

(1− cos(2ωt))dt

= Vm

√
ω

4π

[
t− sin(2ωt)

2ω

]π/ω
0

= Vm

√
ω

4π
· π
ω

= Vm

√
1

4
=

Vm

2

Vrms =
Vm

2
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2. Half-Wave Ripple Factor

The ripple factor r is defined as:

r =
Vripple

Vdc

For a half-wave rectifier: - Vrms =
Vm

2 - Vdc =
Vm

π
Substitute into the ripple factor equation:

r =

(
Vm/2

Vm/π

)
r = 1.21 (approximately)
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