ECE 440: Lecture 21
P-N Diode Breakdown
Zener breakdown:
· Dominant for heavily doped (>1018 cm-3) p+n+ diodes

· Breakdown at a few volts (typically < 5 V)
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· Electron tunneling from filled valence states on p-side into (mostly) empty conduction band states on n-side

Avalanche breakdown:

· More lightly doped junctions (< 1017 cm-3)

· Wider depletion region, electrons accelerated across it gain enough energy to create additional EHPs

· Impact ionization and carrier multiplication
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Empirical observations of VBR with doping and material:
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· VBR decreases with increasing N (=NA or ND)

· VBR decreases with decreasing EG
Breakdown dependence on temperature:
· For tunneling (Zener) breakdown…

· For avalanche breakdown…

Two diode applications:
· Photodiode/solar cell
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Figure 5.20

The Zener effect: (a) heavily doped junction at equilibrium; (b) reverse bias with electron
tunneling from p to n; (¢) /-V characteristic.
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· Light-emitting diode (LED)
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