Semiconductor Physics

1. Law of mass action: nop, = n;2

2. Carrier concentrations in non-degenerate semiconductor

ng = N exp (— %) Po = Ny exp (_ %)
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3. Efield in a non-uniformly doped semiconductor: E(x) = NaGD) dx
4. Drift current: Jarire = q(nptn + Py )E
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5. Diffusion current: Jirr = q (D
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6. Total depletion region width in a step junction: xp, = \/% (i + N—lA) (p; — V)
a. Depletion region width on the n-side: x,, = " I\LAN Xp
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b. Depletion region width on the n-side: x,, = " N+DN Xp~
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7. Capacitance: € = |———— =55
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8. Current: Jiong = qn} ( % 4 i) [exp (1—‘?) - 1] for long-base diode

LyNp = LnNg

Jsnore = qnt (WZ;D + WZ;A) [exp (1—‘?) - 1] for short-base diode

MOS Device

9. Flat band voltage: Vpg = ¢y — s

10. Surface potential: ¢, = y + Ez—g —kgTln (:—D) for n-type substrate
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s =x+ %" + kgTln (%) for p-type substrate.

i

11. Xpmax = ’%ﬁ”l where ¢, is the bulk potential in the quasi-neutral p-Si region.
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12. Threshold voltage, Vr = Vg + 2¢, +

MOSFET

13. Long-channel MOSFET

a. Drain current before saturation: Ip = p,Cpy % [(VG - Vr - VTD) VD]

b. Saturation drain current: I, = MnCoxz—M: (Vg — Vp)?
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c. Transconductance: gmsar = 3,
G

w
= #ncoxf (VG - VT)

d. Saturation drain voltage: Vpgar = Vg — Vr

14. Short channel MOSFET
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a. Saturation drain voltage: Vpgqr =

b. Saturation drain current: Inge: = WCox[Ve — Ve — VpsatVsat
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c. Transconductance: gmsat = WVsatCox

BJT
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15. Collector current in npn BJT: J, = Z[B)'I:’Z; [exp (qk‘;BTC) —exp (%)]
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16. Base recombination current in npn BJT: J,5 = % [exp (‘2/—3;) — 1]
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17. Hole current in emitter in npn BJT: [,z = —LpENDE [exp (—kBT) 1]
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18. Base transport factor: ar =1 =
lInEl 2Dpty
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19. Emitter injection efficiency: y = — 0
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20. Common-base current gain: a = I—C =ap = ary
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21. Common-emitter current gain: f = ;—; = fp = %

22. Early effect
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