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I = G x V

density velocitycharge area

= q x n x v x A 
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Band Diagram at Equilibrium (NPN Homojunction) 

BaseEmitter Collector

Vacuum 
level

EC

EV

EF

χ2
χ1 χ3

Two back to back p-n junctions



Klimeck – Solid State Devices
4

Coordinates and Convention
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𝑁𝑁𝐸𝐸 = 𝑁𝑁𝐷𝐷,𝐸𝐸
𝐷𝐷𝐸𝐸 = 𝐷𝐷𝑃𝑃
𝑛𝑛𝐸𝐸𝐸 = 𝑛𝑛𝑝𝑝𝐸

Doping
Minority carrier diffusion

Majority carriers

𝑁𝑁𝐵𝐵 = 𝑁𝑁𝐴𝐴,𝐵𝐵
𝐷𝐷𝐵𝐵 = 𝐷𝐷𝑁𝑁
𝑝𝑝𝐵𝐵𝐸 = 𝑝𝑝𝑛𝑛𝐸

𝑁𝑁𝐶𝐶 = 𝑁𝑁𝐷𝐷,𝐶𝐶
𝐷𝐷𝐶𝐶 = 𝐷𝐷𝑃𝑃
𝑛𝑛𝐶𝐶𝐸 = 𝑛𝑛𝑝𝑝𝐸
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Electrostatics in Equilibrium
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