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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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silicon (Si) atom using an electron configuration table
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Conductors
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Metal Relative Conductivity (%) Aol olicdas §
Silver 105

Copper 100 €—

Gold 70.5 Relative conductivity of

Aluminum 61 various materials
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Nickel 22.1

Iron 14
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Average Breakdown

Material Strength (kV/cm)

Air 30

Porcelain 70

Oils 140 Breakdown strength of some
Bakelite® 150 common insulators

Rubber 270

Paper (paraffin-coated) 500

Teflon® 600

Glass 900

Mica 2000
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Band Gap
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Silicon and Germanium
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Covalent Bonds
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Covalent Bond Model
oailas M5 (pe duiy cintrinsic carrier density n. (electron/ cm?’) 4l Jelgeedl 2BLS ) 8,0) cilig ASIY1 28LS (Golud
EG) . A 28Mally Jaadg 5yl ) dzmyag oLl
cm™

7 3
n:= BT ex —

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

B Caatld 2o L0 200 § AS, LAl Ay, qudasedd Z5UATI y (Syigal) Aol Lol 8ol A8y 8 ya
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Drift Currents And Mobility In Semiconductors

drift (8,2 ol &yt LS Jim Gudas wic O 2d8ldly P Ak, SO Asglall M pe Ball) (§ HLd) sumwy
Ciymll 55 5 Sl Jael e oo ) Bl Sl Jaoeld bl m il Jalg

o _ - x e % 5
S A8Mally j 8yl LS 48LS 48Me (Joas Drift current

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

Ll Lty drift cayally 2S,ml sda (oo « SlyeS Jaodd Llomial s Ligoe il lasscdd! O Ll liall (po elas
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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
Lo (5 90atl Zepue o0 JBT) Aeyudl ladie ya7ud daid J) Juad &> Sl Jasl 3ud sbal ae Byl de i alas
saturated drift velocity v & Leu| 4043 daiall sda Wﬁ (LS Jazdl Bk (§ Lisg
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Resistivity Of Intrinsic Silicon
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Impurities In Semiconductors
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[I "I .I .pﬁb#ﬁ@ﬂ‘l&j‘-ﬂ‘@é
= O @@=
N 1 / I An extra electron is available from
YRR

(s)——(p)——(si)— a phosphorus donor atom
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Electron and Hole Concentrations in Doped Semiconductors
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Np = donor impurity concentration atoms/cm’
N, = acceptor impurity concentration atoms/em® 531 d9all cagatlly malig ASTHN 58,5 Jaais
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n-TYPE MATERIAL (Nb > Na)

sl cpadalall Lol

pn = n;
dNp+p—Ni—n)=0 I
nz—(ND—NA)n—nf:O
(Np = No) + 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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p-TYPE MATERIAL (NA>Nb)

For the case of Ny > N P Aeid e oz Lwas day,kall,
(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® y \
n—— = 200 < 105 /o — 1.25 x 10" electrons/cm-
D | :

pn = 10*°/cm®
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THE PN JUNCTION
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Energy Dlagrams of the PN ]unctlon and Depletlon Reglon
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(a) At the instant of junction formation
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(b) At equilibrium
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