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Semiconductor Materials and 

Diodes
SKILLS

• To know the semiconductors fundamentals
– Intrinsic semiconductors.  Electron and hole.

– Extrinsic semiconductors. Impurity atoms (donors and aceptors).

– n-type and p-type semiconductors

• To understand the p-n junction fundamentals
– p-n junction equilibrium . The space charge region.– p-n junction equilibrium . The space charge region.

– p-n junction biased (forward bias and reverse bias)

• To understand the i-v characteristic of the diode
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Semiconductor Materials
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Basic Semiconductor Concepts

Intrinsic semiconductor. Electron -hole pair

ni
2(T)=n·p n=p (intrinsic) [ ]hee pnq µµρσ ⋅+⋅== /1 [ ]hee pnq µµρσ ⋅+⋅== /1
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Intrinsic Semiconductors (Si)
T=0ºK (thermal equilibrium) 
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Semiconductor Currents
• DIFFUSION: If free electrons concentration is made higher in one part of the piece of Si than in

another, then the electrons will diffuse from the region of high concentration to the region of low

concentration⇒diffusion current density(Jd [A/cm2])

dx

dp
Dq

dx

dn
DqJJJ pndpdnd ••−••=+=

• DRIFT: An electric  (E [V/cm2 ) field is applied]• DRIFT: An electric  (E [V/cm2 ) field is applied]
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n-type: Donor impurity atoms. Example: Phosphorus(P).

Extrinsic Semiconductors
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Extrinsic Semiconductors

p- type: Acceptor impurity atoms. Example: Boron (B)
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p > n (p-type)

h+  : mayority carriers
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+p n-
p-n Junction 

equilibrium

Depletion or space charge region (without free carriers)
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p n

Anode Cathode
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Diodes and Applications

SKILLSSKILLS

• To know the diode basic work as a circuit 

component and to know the diode models

• To understand the conduction threshold and its 
use in diode circuits

• To know the types of diode circuits• To know the types of diode circuits

UC3M 2010 12ECC - Session 6



Ideal Diode
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Example: Half-Wave Rectifier
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Diode Equivalent Circuits

1ª Approximation: Ideal Diode
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Rectifier Circuits
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Limiter Circuits
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