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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 modeling of nonlinear circuit elements
• Small signal models of PN junction diodes
• Junction resistance and capacitances
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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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Linear Circuit Elements 

Ohm’s Law:
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Nonlinear Circuit Elements 

Nonlinear Element:

V
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Current is a function of the 
voltage (but the current-voltage 
relationship is not linear)

For example: 
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The current-voltage relationship of most devices is not linear!
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Small Signal Modeling of Nonlinear Circuit Elements 
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Small Signal Modeling of Nonlinear Circuit Elements 

V

I

BIASV

BIASI

 tvac

 tiac

    

      ......
2
1

                      2
2

2






tv

dV

Id
tv

dV
dI

VI

tvVItiI

ac
VV

ac
VV

BIAS

acBIASacBIAS

BIASBIAS

Taylor expand the current-voltage relation 
around the bias voltage:

     

   
   tgvti

tgvVI

tv
dV
dI

VItiI

acac

acBIAS

ac
VV

BIASacBIAS
BIAS








                      BIASVVdV
dI

g
r 


1

Slope = g

Differential resistance or 
differential conductance

Incremental resistance or 
incremental conductance

Assume small
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 tvac
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Small Signal Modeling of Nonlinear Circuit Elements 
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Small signal equivalent 
circuit is:
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Complete circuit is:    tgvti acac 

In small signal models, 
nonlinear circuit elements are 
replaced by their linearized 
models that are valid over a 
limited range of excursion 
around the bias point
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Small Signal Modeling of Nonlinear Circuit Elements 
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A difficult problem:

A simpler problem:

Slope = g
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Small Signal Model of a PN Junction Diode: Junction Conductance

P-doped N-doped

aN dN

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

+ + +
+ + + +
+ + + +

VD

+ -
vd

+ -ID + id

 

 
KT
qI

KT

IIq
e

KT

qI

V
I

r
g

vgi

vgIv
V
I

IeIiI

eII

DoDKT
qV

o

D

D

d
d

ddd

ddDd
D

D
D

KT

vVq

odD

KT
qV

oD

D

dD

D
















































1

.........1

1

Differential conductance

Differential resistance

In strong forward 
bias

Slope = g



7

ECE 315 – Spring 2006 – Farhan Rana – Cornell University

P-doped N-doped

aN dN
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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
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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 
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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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