
XMUT204 Electronic Design

Lecture 2a - Diodes and PN Junctions



Overview

1. Characteristics of diode.

2. PN junctions.

3. Operations of diode. 

4. Current-Voltage characteristics.

5. Applications of diode.



1. Characteristics of Diode

A diode should have a very low resistance to current in the one 
direction and a very high resistance to current in the opposite 
direction.

• Zero biased: at 𝑉 = 0, no current flows 

(𝐼 = 0).

• Forward biased: cathode to negative 

source and anode to positive source -> 

very low resistance to current flow and 

large currents flow for small applied 

voltage.  

• Reverse biased: cathode to positive 

source and anode to negative source -

> very high resistance to current flow 

and zero/very small currents flow for 
small applied voltage.



• Electrical valve -> Diode e.g. allows 
current to flow in only one direction.

• A p-n junction is one type of diode – 
several other configurations possible. 

Vacuum tube diode

Point contact diode

1. Characteristics of Diode (cont.)

Contemporary diode



1. Characteristics of Diode (cont.)

• The following diagram outlines some of the most common 

types of diodes available in the market.



1. Characteristics of Diode (cont.)

• The following diagrams are symbols of common diodes 

(left) and extended diode symbols (right) 



2. PN Junction

















Important















Example for Tutorial 1:

When the n-type semiconductor is joined with the p-type 

semiconductor, a PN junction is formed. Describe briefly how 

the potential energies are formed in the PN junction. 

       [2.5 marks]



• Due to the space charge 

layer, there is internal 

electric field across the 

junction.

• Direction of the field is 

from the positive ions on 

the n-side to the negative 

ions on the p-side. 

• Direction of this field 

opposes the movement of 

charge carriers due to 

diffusion. 



• An electron inside internal electric 

field experience a force (𝐹 = 𝑞𝐸) 

and drift from p-to n-side under 

the influence of the field.

• A hole in this field will drift from 

the n-to the p-side under 

influence of the field.

• Potential energies are formed due 

to electrons concentration in the 

n-side and holes concentration in 

the p-side respectively.

• See the PE diagrams for hole and 

electron concentrations.



Example for Tutorial 2:

Given that the intrinsic carrier density of Si is 1 x 1010 cm-3, 

determine the built-in potential in the PN junction (e.g. p-

doping level is 1.5 x 1015 cm-3 and n-doping level is 7.5 x 1016 

cm-3).       [2.5 marks]



• The built-in potential in the diode junction is found from 

the following equation: 

𝑉0 = 𝑉𝑇Ln
𝑁𝐴𝑁𝐵

𝑛𝑖
2

• Putting in the values into the equation:

𝑉0 = 0.025 × Ln
7.5 × 1016 1.5 × 1015

1 × 1010 2

=  0.025 × Ln 11.25 × 1011 = 0.694 V
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3. Operation of Diode (Forward Bias)

• For forward bias condition, there are 3 regions: p-type bulk 

material, depletion or space-charge layer, & bulk n-type 

region.

• Bulk regions have reasonable conductivities, but depletion 

region has a very low conductivity (high resistance, no free 

charge carriers in this region).

• Due to this high resistance -> voltage drop (V) appears over 

the space-charge layer.



3. Operation of Diode (Forward Bias)

• For forward bias condition, 

increase in holes that diffuse 

from p-side to enter n-side as 

minority carriers and excess 

electrons diffuse from n-side 

to p-side.

• Electrons injected in p-type 

region act as minority carriers 

-> diffuse towards positive 

terminal -> recombine with 

holes in this region -> lost 

holes replenished by positive 

terminal.

V

EI

EE



3. Operation of Diode (Forward Bias)

• Lost electrons replaced by 

more electrons diffusing in 

the junction -> replenished 

by electrons from negative 

terminal. 

• The potential energy 

barriers are sustained by 

these processes, so current 

flows in the circuit and 

voltage drop exists across 

the junction.

V

EI

EE



3. Operation of Diode (Reverse Bias)

• For reverse bias condition, voltage drop is across depletion 
region. 

• Negative battery terminal attract holes in p-side to move 
away from depletion region, while positive terminal attracts 
electrons from n-side. 

• The effect is a widening of space charge layer on both sides 
of junction.



3. Operation of Diode (Reverse Bias)

• For reverse bias condition, 

movement of electrons in n-

side towards positive terminal 

and holes in p-side towards 

negative terminal is not 

sustainable -> no constant 

supplies of these carriers 

available.



3. Operation of Diode (Reverse Bias)

• Reverse bias voltage increases 

built in potential barrier and 

the electric field across the 

junction.

• Electrons which are minority 

carriers in p-side close to 

space-charge layer will be 

drifted across to n-side by the 

field -> a very small current 

(reverse saturation current). 



3. Operation of Diode (Breakdown in the Reverse Bias Region)

• Reverse voltage -> electric 

field -> velocity and kinetic 

energy of minority carriers 

(avalanche process) -> a 

dramatic increase in current -

> increase in temperature -> 

destruction.

• Zener diode: its p-n junction is heavily doped in order to 

enhance breakdown (Zener breakdown) -> a type of diode 

for reverse bias breakdown conditions. 

• Breakdown can be due to: either avalanche breakdown or 

Zener breakdown.



4. Current – Voltage Curve for a Diode

• Reverse bias: a sharp 
increase in current as 
voltage is decreased from 
zero, but current settles at 
saturation current, then 
breakdown conditions.

• Current in the diode (Ebers-Moll equation):

𝐼𝐷 = 𝐼𝑆 𝑒
𝑉𝐷

𝑛𝑉𝑇 − 1 = 𝐼𝑆𝑒
𝑉𝐷

𝑛𝑉𝑇 − 𝐼𝑆

• Forward bias: applied voltage is increased 
from zero, current is zero (at 𝑉𝐷 = 0), but 
after a breakthrough voltage (𝑉𝐵) then 
increases exponentially.



4. Current – Voltage Curve for a Diode (cont.)

• Ebers-Moll equation is used for modelling the characteristics 

of a PN based diode. 

𝐼𝐷 = 𝐼𝑆 𝑒
𝑉𝐷

𝑛𝑉𝑇 − 1 = 𝐼𝑆𝑒
𝑉𝐷

𝑛𝑉𝑇 − 𝐼𝑆

Where:

• 𝐼𝑆 = Reverse bias saturation current of the diode.

• 𝑉𝐷 = Drop voltage of the diode.

• 𝑉𝑇 = Thermal voltage factor (i.e. 25 mV at 25° C).

• 𝑛 = Ideality factor od diode (its value is 1 to 2).



4. Current – Voltage Curve for a Diode (cont.)

• Set up a diode circuit experiment in the lab.

• Measure the voltage across and current that flows in the 

diode using voltmeter and ammeter respectively.



Vd (V) Id (mA)
0.05 5.84E-11
0.1 4.58E-10

0.15 3.19E-09
0.2 2.19E-08
0.25 1.50E-07
0.3 1.03E-06
0.35 7.02E-06

0.4 4.80E-05
0.45 3.29E-04
0.475 8.59E-04
0.5 2.25E-03
0.525 5.88E-03
0.55 1.54E-02

0.575 4.02E-02
0.6 1.05E-01
0.625 2.75E-01
0.65 7.20E-01
0.675 1.88E+00

0.7 4.93E+00
0.725 1.29E+01
0.75 3.37E+01
0.775 8.82E+01
0.8 2.31E+02

Parameter Value Unit
𝑘 1.38 × 10−23

𝑇 300 K

𝑒 1.60 × 10−19
C

𝑁𝑎 1.00 × 1022 m−3

𝑁𝑑 1.00 × 1022 m−3

𝑛𝑖 1.00 × 1016 m−3

𝑉0 0.71 V

𝐼𝑠 1.00 × 10−14
A

𝑉𝑇 0.026 V

4. Current – Voltage Curve for a Diode (cont.)

• Obtain the measurements data from 

experiment in the lab.
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4. Current – Voltage Curve for a Diode (cont.)

• Using data obtained from the experiment, draw and simulate 

the I-V curve of the diode.



4. Current – Voltage Curve for a Diode (Influence of Temperature 
on the Diode Curve)

• For forward bias, increasing 

the operating temperature -

> reducing the turning on 

voltage of diode.

• Reverse bias diode current 

will double for every 10C 

rise in temperature.

• Thermal voltage of diode:

𝑉0 =
𝑘𝑇

𝑒
ln

𝑁𝑎𝑁𝑑

𝑛𝑖
2

 = 𝑉𝑇 ln
𝑁𝑎𝑁𝑑

𝑛𝑖
2



Example for Tutorial 3:

At a temperature of 27°C (i.e. common temperature for 

components in an enclosed operating system), determine the 

thermal voltage 𝑉𝑇 of a semiconductor device. [2.5 marks]

𝑉𝑇 =
𝑘𝑇𝐾

𝑞

Where:

𝑘 = Boltzman coefficient (1.38 × 10−23).

𝑒 = Electron charge (1.60 × 10−19 ).

𝑇𝑘 = Temperature in Kelvin.



• Converting the temperature in Celsius to Kelvin, we 

obtain:

𝑇 = 273 + °C = 273 + 27 = 300°K

• Thus, the thermal voltage of the semiconductor device is:

𝑉𝑇 =
𝑘𝑇𝐾

𝑞
 

=
1.38 × 10−23𝐽/𝐾 300°K

1.6 × 10−19C
≅ 26 mV

• As a result, the thermal voltage of the device is found to 

be approximately 26 mV.



Example for Tutorial 4

Given a V-I curve graph, briefly explain how temperature 
influences diode characteristics.  [5 marks]



• A V-I curve graph is as shown in the figure below.



• Temperature could influence the V-I curve: Increasing 

the temperature could shift the curve towards Y-axis in 

the plot.      [2.5]

• This would make the forward bias voltage of the diode 

less than before and therefore the reverse bias voltage 

would increase slightly. 

• Decreasing the temperature would provide the 

opposite effect towards the temperature characteristics 

of the diode.     [2.5]



5. Some Applications of Diode

• Restrict the flow of current in one direction – snubber/free 

wheel applications.

• Rectifiers – AC to DC conversion (electronic chargers).

• Voltage limiters and regulators.



• AM detectors.

• Light emitting diodes (LED).

• Photodiodes and solar cells.

5. Some Applications of Diode (cont.)
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