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1) DC Thermionic current, nonideal current

2) AC small signal and large-signal response
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I-V Characteristics
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Left Boundary Condition
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Example: MS junction band structure
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Example: MS junction built-in potential
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Example: MS junction built-in potential
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Platinum metal and p-type Si

NA = 1016 cm-3

p0 = NVe
EV -EFS  /kBT cm-3

EFS - EV = kBT ln
NV

NA








S = cS  EG - EFS - EV  q

S = 4.97 eV
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Example: MS junction band diagram
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Non-equilibrium band diagram
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J VA = 0  = J0
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Non-equilibrium band diagram
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Schottky barriers
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The most reliable way to work is to take the Schottky
barrier as the known (measured) quantity. 

Computing Schottky barriers from workfunctions and 
electron affinities can lead to large errors and 
interface effects can affect the Schottky barrier 
height.

http://www.cleanroom.byu.edu/ohmic-schottky.phtml
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Semiconductor to Metal Flux
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Total Flux…
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saturation current density, J0
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J0 = qND

uT

2
e-qVbi kBT

qVbi = BN - EC - EFN 
x®¥

qVbi = BN - kBT ln
NC

ND








n0 = ND =NCe
EFN -EC  kBT

J0 = qNC

uT

2
e-BN kBT
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saturation current density, J0
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J0 = qNC

uT

2
e-BN kBT

uT =
2kBT

pmn
*

3/8/2018
Bermel ECE 305 S18



saturation current
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J0 = A*T 2e-BP kBT

“Richardson’s constant”

A* =
4pqmn

*kB
2

h3

J = J0 eqVA /kBT -1  A =
4pqm0kB

2

h3
= 120

A

cm2 -K2

A* =
mn

*

m0
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IV characteristics of a Schottky diode
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VA

I nA J = J0 eqVA /kBT -1 

J0 = A*T 2e-BN kBT

How does an MS diode compare to an NP junction?
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Recombination/Generation/Impact-ionization

SAME technique as in p-n junction except integrate to xp only

Ec

EV

EF

EFSEFM

EFM
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example:  MS junction
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n-Si

x

WP0

ND = 1017 cm-3

ID = I0 eqVA /kBT -1 

I0 = 0.2 ´10-3 A

J0 = A*T 2e-BP kBT

mn
* m0 = 1.18

BN » 0.65 eV
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application
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Fig. 14.9 Pierret, Semiconductor Device Fundamentals
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application
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IV characteristics
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VA

J = J0 eqVA /kBT -1 

I mA 

0.6 V0.3 V

SiMS

J0 = A*T 2e-BN kBT

J0 MS  >> J0 NP 

Strongly controlled by SB height.
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Topic Map

Equilibrium DC Small 
signal

Large 
Signal

Circuits

Diode

Schottky

BJT/HBT

MOSFET
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AC response 

Series 
Resistance

Conductance

Diffusion 
Capacitance

Junction 
Capacitance
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Forward Bias Conductance 
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Junction Capacitance (Majority Carriers) 
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small signal model (MS diode)
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u t 

R1

i t 
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CJ VA  =
KSe0A

W VA 

CJ
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dID
dVD

No diffusion 
capacitance!
3/8/2018 Bermel ECE 305 S18



summary
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1) A Schottky diode is a metal-semiconductor majority 
carrier device

2) It is similar to a one-sided p-n junction transistor, since 
the electron concentration in metals is very high.

3) Current is calculated using thermionic emission

4) M-S diodes typically have much higher saturation 
current and no diffusion capacitance, making them very 
fast

3/8/2018 Bermel ECE 305 S18


