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_“LV p-n Junction
Vond

* p-type semiconductor in contact with n-type

- Basic building blocks of semiconductor devices
— Diodes,
— Bipolar junction transistors (BJT),
— Metal-oxide-semiconductor field effect transistors (MOSFET)
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p-n Junction
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 When p- and n-type
semiconductors are “joined”
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Holes Free electrons

I III — Holes near junction diffuse

e to n-side

e — Electrons near junction
i diffuse to p-side

» “Depletion region” formed near
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Simplified Analysis of p-n Junction
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Gauss Law:
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Electrical potential:
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Built-in Potential
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Built-in potential:

NyN
VO :VT'ln<A—2D>
— n

i

Vr = k%;T : thermal voltage @c

room temperature
N, : p-doping (Acceptor)
Np : n-doping (Donor)
n; . intrinsic carrier concentration
n; = 1.5x101° cm =3 for Si
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Alternative form: ~—

N,N
V, = 60mV~log< AZD)

n;

Example:
Njy = 1.5x10%7, nj, = 1.5x10'8[cm3]
Vo = 60mV - log(10*>) = 900mV




Carrier Concentration in p-n Junction
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Depletion Width Under Bias
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Extra Holes in N Side Under Forward Bias
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Holes Recombine with Electrons on N Side
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Diffusion Currents Under Forward Bias
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Total Currents Under Forward Bias
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Hole Diffusion current on N-side
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Similarly,
Electron Diffusion current on P-side
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Total current
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I-V Curve
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Capacitance in p-n Junction:
Depletion Capacitance
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Parallel plate capacitance:
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Plate separation, W, is voltage
dependent:
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Variable capacitance: Ve —(= |k 1
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Summary of p-n Junction
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