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Lecture 7

Large and Small Signal Modelling of PN Junction Diodes

In this lecture you will learn:

• Circuit models of PN junction diodes
• Small signal models of PN junction diodes
• Junction resistance and capacitances
• Light emitting PN junction diodes (LEDs)
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Current Flow in a PN Junction Diode
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Simplest Circuit Model for a PN Junction Diode
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Better Circuit Model a PN Junction Diode
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Circuit Example for a PN Junction Diode
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If V > VON:

0DI

VVD 

If V ≤ VON:
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Small Signal Model of a PN Junction Diode: Junction Conductance
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P-doped N-doped
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Small signal circuit model of a PN diode

Small Signal Model of a PN Junction Diode: Junction Conductance
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Small Signal Model of a PN Junction Diode: Junction Depletion 
Capacitance
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At high frequencies, part of the current  id flows through the junction but part of it 
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P-doped N-doped
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There is also charge stored in the quasi-neutral regions that changes as the junction 
voltage is varied (negative and positive charge stored at the same location!!)

Charge stored: 
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Small Signal Model of a PN Junction Diode: Diffusion Capacitance
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P-doped N-doped
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Increases exponentially with bias!

Small Signal Model of a PN Junction Diode: Diffusion Capacitance
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P-doped N-doped

aN dN

- +- - -
- - - -
- - - -

+ + +
+ + + +
+ + + +

VD

+ -
vd

+ -

ID + id

At high frequencies, part of the current  id flows through the junction but part of it 
also charges up the junction capacitance and the diffusion capacitance 

 
dt

dv
CCvgi d

djddd 

vd

dr

id

jC

dC

Small Signal Model of a PN Junction Diode: Total Capacitance
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Capacitances of a PN Junction Diode
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Small Signal Model of a PN Junction Diode in Revere Bias
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Breadboard Wiring: Good Wiring
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Breadboard Wiring: Bad Wiring
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