ECE 440: Lecture 20
P-N Diode in Reverse Bias
Recap diode (forward, zero, reverse) bias diagrams.
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[image: image12.png](c) Reverse bias (VA < 0)




Recap some of the equations:

Depletion width
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(decreases at forward bias, increases with reverse bias)

Maximum electric field
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(decreases at forward bias, increases with reverse bias)

Built-in voltage
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Charge stored

Current density (current I=JA)
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What about an asymmetrically doped junction? Say, p side is much more heavily doped (NA ≫ N​D):

Remember, current is due to minority carrier injection:
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Typically p-n junctions in real life are made by counter-doping. E.g. start with p-type wafer and dope with ND only at the surface to obtain junction. Eqs. so far readily apply if

· NA = net doping on p-side = (NA-N​D)p-side
· ND = net doping on n-side = (ND-N​A)n-side
Example: a p-n junction has NA=1019 cm-3 and ND=1016 cm-3. The applied voltage is 0.6 V. a) What are the minority carrier concentrations at the edges of the depletion region? b) What are the excess minority carrier concentrations? c) Sketch δn(x) on the p-side if recombination lifetime is 2 μs.
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Figure 5.17
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Electron and hole components of current in a forward-biased p-n junction. In this example, we have a
higher injected minority hole current on the n-side than electron current on the p side because we have a

lower n doping than p doping.




Current continuity along junction length, JTOT = const.
As carriers recombine (deep into n- or p-side), the diffusion current is replaced by ___________________________.

But, we were able to deduce current equation last time by simple diffusion arguments at the ____________________ where E-field was just barely zero.
Reverse bias:
· Depletion region widens

· E-field across depletion region _____________

· Current is due only to minority carrier _________ across the junction

· Current is supplied by EHP generation in the ____________________ (what if I change the temperature or turn on the light?)

· Recall, J0 = 
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Figure 5.14

I-V characteristic of a p-n junction.
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Figure 5.19

Reverse breakdown in a p-n junction.




Junction breakdown when E-field exceeds a critical value.

If current continues increasing, then diode _____________.
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