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Outline

1) Importance of metal-semiconductor junctions
2) Equilibrium band-diagrams
3) DC Thermionic current (simple derivation)

4) Conclusions

Ref. Semiconductor Device Fundamentals, Chapter 14, p. 477
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Metal-semiconductor Diode

Symbols
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Topic Map

Equilibrium | DC Small Large Circuits
signal Signal
Diode
Schottky ‘
BJT/HBT
MOS
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Drawing Band Diagram in Equilibrium...

VeD=q(p-n+Nj—N,)

on 1
EZEV.JN —Iy T 0y

Jy =qng & +qb,Vn

op 1
E:_EV.JP_rP—I_gP

Jo =app€-aD:Vp

Equilibrium

DC dn/dt=0
Small signal dn/dt ~ jotn
Transient --- full sol.
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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...

VoD=q(p—n+ NS—N;)<— Band diagram ...
on 1

EZEV.JN —I, +0,
Jy =anu€+0D VN« This will not work

Need theory of thermionic
op 1 .
E=—av‘3p—rp+gp emission

Jo =qpup€—QqD, VP
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Band-diagram with Bias

Forward Bias

Reverse Bias
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Depletion Regions with Bias
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|-V Characteristics
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Left Boundary Condition

—> {1
‘\q(vbl VA) Ec
S o,
0 >

'JT (VA) — ‘]m—>s (VA) o ‘]s—>m (VA)
= 'Jm—>s (O) o ‘]s—>m (VA)

J;(Vy=0)=0=J,,,0)-J,,(0) (detailed balance)
— ‘Jm—>s (O) = ‘JS—>m(O)
‘]T (VA) — ’Js—>m (O) o ’Js—>m (VA)
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Semiconductor to Metal Flux

o Vbl _VA

Ny, kT
‘Jm—>s(VA) :_q7e < Ui, s—>m (\/A) I _q_e U’[h

V, V
NsUy, qka' qkTA
= —q —2e X e
2
q®Pg QqVa
r']mUth B

<:lz_q 2 e kTekT
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Total Flux...

—qoy,

‘]T — ‘Js—>m(0) - ‘]5—>m (VA) — L e

2

107!
)4

1073

103 / /qfkr 7

-0.8

-1.0 .
Araim cee-uvuu S09

qVa
ekl 1




Semiconductor to Metal Flux
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Total Flux...
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Diffusion vs. Thermionic Emission

Check that both gives the
same 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:
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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