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Simplified representation of the

atom. Electrons travel in roughly

spherical orbits called “shells”
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The atomic structure of copper
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The Quantum Model
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The Quantum Model
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Conductors
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Silicon and Germanium
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Covalent Bond Model
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where Eg = semiconductor bandgap energy in eV (electron volts)
k = Boltzmann’s constant, 8.62 x 1077 eV/K

I = absolute temperature, K
B = material-dependent parameter, 1.08 x 10’ K=3 - cm™° for Si
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Drift Currents And Mobility In Semiconductors
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Jj = 0Ov (C/em’) (cm/s) = A/cm?

where j = current density?, the charge in coulombs moving through an area of unit cross section
O = charge density”, the charge in a unit volume

v = velocity of charge in an electric field
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Drift Currents And Mobility In Semiconductors
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v, = —u,E and v, = u,E

where v, =velocity of electrons (cm/s)
v, = velocity of holes (cm/s)
i, =electron mobility, 1350 cm?/V - s in intrinsic Si
1, = hole mobility, 500 cm?/V - s in intrinsic Si
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Resistivity Of Intr|n5|c Silicon
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Impurities In Semiconductors
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Electron and Hole Concentrations in Doped Semiconductors
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sl cpadalall Lol

pn = n;
q(Np+p—Nys—n)=0 21y prgarll
nz—(ND—NA)n—nf:O
(Np = Na) + V(Np = Na)* +4n; n;
n = > and p:?

In practical situations (Np — N4) > 2n;, and n 1s given approximately by n = (Np — N,).
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For the case of Ny > N P Aeid e oz Lwas 4kl
(N4 — Np)+ /(N4 — Np)? + 4n? n2
P = 7 and n = ;

(Ny — Np) > 2n;, and p 1s given approximately by p = (N, — Np)
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Find the type and electron and hole concentrations in a silicon sample at room temperature 1if it 1s
doped with a boron concentration of 10'°/cm® and a phosphorus concentration of 2 x 10'°/cm?.

n; = 10"%cm?

N, = 10"/cm’ and Np =2 x 10%/cm’

Since N, > Np, the material is p-type, and we have (N, — Np) = 8 x 10"/cm’,

p = (N,— Np) =8.00 x 10" holes/cm’

n; 10%°/cm® A -
— = 200 < 105 /o3 — 1.25 x 107 electrons/cm”
p .00 x cm-

pn = 10*°/cm®

S
|
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THE PN JUNCTION
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Energy Diagrams of the PN ]unctlon and Depletion Region
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