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Outline

1) Importance of metal‐semiconductor junctions

2) Equilibrium band‐diagrams 

3) DC Thermionic current (simple derivation)

4) Conclusions4) Conclusions

R f S i d t D i F d t l Ch t 14 477Ref. Semiconductor Device Fundamentals, Chapter 14, p. 477
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Metal‐semiconductor Diode 
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Applications of M‐S Diode ….

Detectors STM on semiconductor

www.fz‐juelich.de/ibn/index.php?index=674

Original Bipolar  CNT Transistors

4

Originally, Gelena (PbS), Si  as semiconductor and 
Phospor Bronze for metal (cat’s whisker)
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Drawing Band Diagram in Equilibrium…
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Band‐Diagram
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Built‐in Potential: bc @Infinity
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Complete Analytical Solution

Depletion Approximation
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Analytical Solution (Simple Approach)
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Depletion Regions
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Band Diagram with Applied Bias…

( )D AD q p n N N+ −∇• = − + −
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Band diagram …
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Band‐diagram with Bias
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Depletion Regions with Bias
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I‐V Characteristics 
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Left Boundary Condition 
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Semiconductor to Metal Flux
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Total Flux…
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Semiconductor to Metal Flux
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Total Flux…
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Diffusion vs. Thermionic Emission

Δn

F
Fp

Fn

Check that both gives the 
lt f di dsame result for a diode…
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Conclusion

Schottky barrier diode is a majority carrier device of great 
historical importance. 

There are similarities and differences with p‐n junction diode: There are similarities and differences with p n junction diode:
for electrostatics, it behaves like a one‐sided diode, but 
current, the drift‐diffusion approach requires modification. 

The trap‐assisted current, avalanche breakdown, Zener 
tunneling all could be calculated in a manner very similar to 
junction diode. 
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