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ECE606: Solid State Devices
Lecture 16

p-n diode AC Response
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Topic Map
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Equilibrium DC Small 
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Large 
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Circuits

Diode
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MOSFET

Diode in Non-Equilibrium
(External DC+AC voltage applied)
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Why should we study AC Response?

3

Series Resistance

Conductance

Diffusion Capacitance

Junction 
Capacitance

www.sci-toy.com

Motivation

Radio
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Outline

4

1) Conductance and series resistance

2) Majority carrier junction capacitance

3) Minority carrier diffusion capacitance

4) Conclusion

Ref. SDF, Chapter 7
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Forward Bias Conductance

5

( )( )/ 1A Sq V R I m
oI I e −= −β

0

1

( )FB
S

m

q Ig
R

Iβ
+

+
=

0

ln ( )o
A S

I I
q V R I

I m

β+ = −

( )
A

S
o

m dV
R

q I I dI
= −

+β

RS

G

CJ

V

2

4
5

1

3

6,7

ln(I)

Cdiff

m = RG (2), diff (1), Ambipolar (2)

Forward Bias Conductance

Klimeck – ECE606 Fall 2012 – notes adopted from Alam

Reverse Bias Conductance
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Outline
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1) Conductance and series resistance

2) Majority carrier junction capacitance

3) Minority carrier diffusion capacitance

4) Conclusion
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Junction Capacitance

8

VDC

Series Resistance

Conductance

Diffusion Capacitance

Junction 
Capacitance

Depletion width 
modulation

Charge 
modulation

Majority carrier 
effect

Forward biased diode + AC signal

Fn

Fp

VA> 0

VA< 0



Klimeck – ECE606 Fall 2012 – notes adopted from Alam

Majority Carrier Junction Capacitance
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Measurement of Built-in Potential
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.. And Variable Doping 
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Dielectric Relaxation Time (majority side)
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Outline

13

1) Conductance and series resistance

2) Majority carrier junction capacitance

3) Minority carrier diffusion capacitance

4) Conclusion
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Diffusion Capacitance for Minority Carriers
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Diffusion Capacitance for Minority Carriers
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AC Boundary Conditions
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AC Current and Impedance
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Diffusion Conductance and Capacitance
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Small Signal pn-diode
Conclusion
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1) Small signal response relevant for many analog 

applications.

2) Small signal parameters always refer to the DC operating 

conditions, as such the parameter changes with bias 

condition. 

3) Important to distinguish between majority and minority 

carrier capacitance. Their relative importance depends on 

specific applications. 
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ECE606: Solid State Devices
p-n diode 

Large Signal Response

Gerhard Klimeck
gekco@purdue.edu
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Topic Map
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Equilibrium DC Small 
signal

Large 
Signal

Circuits

Diode

Schottky

BJT/HBT

MOSFET

Digital 
Signals:
switch on 
and off
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Outline
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1) Large signal response and charge control model

2) Turn-off characteristics

3) Turn-on characteristics

4) Other applications

5) Conclusion

Ref. SDF, Chapter 8
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Digital, Large Signal Applications
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A Closer Look to Fast Transition

24

V

ln(I)

‘1’ to ‘0’

AV‘1’:1V
‘0’:-2V

-0.1IR

-IR

IF

ts
trr

tr

i(t)

t

VA(t)

1-2

Before transition occur

constant voltage, current change from IF to IR

constant current, voltage change form 1V to 0V



Klimeck – ECE606 Fall 2012 – notes adopted from Alam

Definitions
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Continuity Equations
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forward bias, 
minority carrier has been injected

How Does Current Flip Without Voltage Flipping?
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Large Signal Charge Control Model
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Large Signal Charge Control Model
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Outline
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1) Large signal response and charge control model

2) Turn-off characteristics

3) Turn-on characteristics

4) Other applications

5) Conclusion
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Turn-off Characteristics: Determine (ts)
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Boundary Condition
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Turn-off Current Transient
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Turn-off Current Transient
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Storage Time
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Turn-off Voltage Transient
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Recovery Time
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Recovery Time
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Outline
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1) Large signal response and charge control model

2) Turn-off characteristics

3) Turn-on characteristics

4) Other applications

5) Conclusion
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Turn-on Characteristics: Boundary Condition
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Turn-on Characteristics
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Outline
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1) large signal response and charge control model

2) turn-off characteristics

3) turn-on characteristics

4) other applications

5) conclusion
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Diffusion Time

43

diff

n

Q Q
i

t

∂ = −
∂ τ

(0 ) ( )

dif
iff

f
d

Q Q t
i

τ

+ − = ∞ =

2

2
p

n

W

D
=

np(x,t)

x

Q(0+)

Wp
(0)

2(0 )
(0)di

p

d

p

p
n

ff

p

iff

n
q W

Q
n

qD
W

i
τ

+

∆ 
 
 = = ∆

Diffusion velocity

No recombination
( , ) 'n x t C Dx∆ = +

Electrons get scattered to the other side, the average time is…  

)/(2

1
~

pn

p

WD

W
×

Only half of them
goes to the right

recombination

Klimeck – ECE606 Fall 2012 – notes adopted from Alam

Two line derivation of Steady State Diode Current
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Large Signal pn-diode
Conclusion
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Large signal response of devices of great importance for 
digital applications.

Analytical solution of partial differential equation often 
difficult (if not impossible), therefore approximate 
methods like Charge-control approximation often help 
simplify the solution and still provide a great deal of 
insight into the dynamics of switching operation.

Be careful in using the boundary condition which is often 
dictated by external circuit conditions. 


