
Electronic Circuits
Lecture 3.2: Semiconductor Principles & Diodes



Material Types

• With a conductor, the outermost shell has only 
few electrons. The outermost electrons can 
reach the conduction band, then it can freely 
move from the atom to another.

• With an insulator, the outermost shell is 
packed. Therefore, electricity cannot flow 
through this material.

• With a semiconductor, there are too many 
electrons in the outermost shell for it to be a 
conductor, so it acts like an insulator. 
However; the conduction band is quite close; 
if we provide some external energy, some 
electrons will gain enough energy to make the 
jump from the valance and into the conduction 
band to become free. Therefore, this material 
can act as both an insulator or a conductor.

Semiconductor examples:
• Silicon
• Germanium
• Indium
• Boron
• Tellurium



Semiconductor Material

• Pure silicon has almost no free electrons, so 
what engineers do is dope the silicon with a 
small amount of other materials to change its 
electrical properties.

• N-type material such as phosphorus, it has 5 
electrons in its valence shell. So as the 
silicon atoms are sharing electrons to get 
their desired 8, they don’t need this extra 
one, so there’s now extra electron in the 
material and these are therefore free to 
move.

• P-type material such as aluminium, it has 
only 3 electrons in its valence shell so it can’t 
provide it’s 4 neighbors with an electron to 
share, so one of them will have to go 
without. Therefore, there is a hole created 
where an electron can sit and occupy.



Depletion and 

• The two materials join to form a P-N junction. 
At this junction we get what’s known as a 
depletion region. In this region, some of the 
excess electrons from the N-type side will 
move over to occupy the holes in the P-type 
side. This migration will form a barrier with a 
buildup of electrons and holes on the opposite 
sides.

• When we connect a voltage source across the 
diode, with the anode (P-Type) connected to 
the positive and the cathode (N) connected to 
the negative, this will create a forward bias 
and allow current to flow. The voltage source 
has to be greater than the 0.7V (for Silicon, 
or 0.3V for Germanium) barrier otherwise the 
electrons can’t make the jumper.



Semiconductor Diode

 A diode (PN) is an electronic component that directs the flow of 
electricity in a single direction. 

 These are called "active components" and are basic components of 
semiconductors. 

 They can regulate the flow of electricity, maintain a constant 
voltage, and extract signals from radio waves, etc.



Piecewise Linear Model



Analytic Model

 Id is the current flowing throughout the diode in 
Amperes.

 Io is the reverse saturation current in Amperes.

 Vd is the volt applied to the diode in Volts.

 Eta is the emission (or nonideality) coefficient (~1).

 VT is the volt equivalent of temperature in Volts.

 T is the absolute temperature in Kelvin.



Ideal Diode Example



Half-Wave Rectifier Example



Full-Wave Rectifier Example (1)



Full-Wave Rectifier Example (2)



Voltage-Limiting Circuit Example



Voltage-Clamping Circuit Example

Shifting DC level of 
the voltage.



Voltage-Doubling Circuit Example

Multiplying max level 
of the voltage.



Clipping Circuits



LTS: Left to Students (Voltage Doubler)

* Draft1.asc
V1 N001 0 SINE(0 12 60)
C1 N002 N001 100µ
D1 0 N002 1N4007
D2 N002 N003 1N4007
C2 N003 0 50µ
R1 N003 0 10k
.model D D
.lib standard.dio
.tran 0 1 0 10u
.end

Analyze all the circuit given in this 
lecture using LTspice!



Thanks for 
listening 

YALÇIN İŞLER

Assoc. Prof.
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