
ECE-305: Spring 2018

Metal-Semiconductor Junctions

Professor Zhihong Chen
on behalf of Peter Bermel

Electrical and Computer Engineering
Purdue University, West Lafayette, IN USA

pbermel@purdue.edu

Pierret, Semiconductor Device Fundamentals (SDF)
Chapter 14 (pp. 477-487)

3/1/2018 Z. Chen / Bermel ECE 305 S18



1) Equilibrium band-diagrams and Vbi

2) Band diagram under bias
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metal energy bands    semiconductor energy bands
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metal: p-type junction
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now the band diagram
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band diagram

7

EC

EV

EF

Ei

metal

EF

FBP
qVbi

“Schottky barrier”
for holes.

from the band diagram….potential, e-field, p(x), rho(x)

depleted

3/1/2018 Z. Chen / Bermel ECE 305 S18



metal: p-type junction
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qVbi  EFM  EFS
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ΦM is a known material parameter

What is the built-in voltage of a MS junction?
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Semiconductor workfunction
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“Schottky barrier height”
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Vbi example for silicon
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Vbi example for silicon
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Vbi
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Vbi example
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Band-diagram 
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Depletion Regions
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Complete Analytical Solution
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Band-diagram with Bias
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Depletion Regions with Bias
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band diagram
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MS diodes are majority carrier devices



MS diodes vs. PN junctions
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NP junctions
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two types of MS diodes
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MS ohmic contacts
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one way to make an ohmic contact
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expected IV characteristics: rectifying diodes
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Another way to make an ohmic contact
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alternative way to make an ohmic contact
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conclusions

 Studied equilibrium properties of metal-
semiconductor junctions

 Bias affects semiconductor bands but 
leaves metal bands unchanged

 Two types of metal-semiconductor 
junctions: Ohmic and Schottky

 Next time, will study I-V characteristics of 
devices based on Schottky metal-
semiconductor junctions

3/1/2018 Z. Chen / Bermel ECE 305 S18 34


