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Resistivity is characteristic of the material
SiO
(p, =10°Qcm) Cu, Al é Si0,  (Pso, =10"Qcm)

Intel Core i7

+ Today
Clock rate 2.66GHz-3.33GHz
64 bit processor

+ 4 cores

731M Transistors at 45 nm
Oregon 32 nm plant

+ Price 273-562 §
263 mm2 die size




o wave-particle duality A=—
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Conductor 102  Semi-conductor 10° Insulator p[chz1]
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Eg (Si) = 1.1eV
Eg (Ge) =0.7eV ,
Eg (SiOy,) = 9eV

empty seat / filled seat 7




n, electron density

Py hole density

ny=py=n

Ciovelsnt ——3=

n =10"/em’ << n(Si)=2x10%"/cm’

i|T=300°K

® useless!!!

Iconauctor

Donor: P, As, Sb

electron density

hole density

N, upto10” /cm’ © n(Si)=2x10%/ cm’
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Acceptor: B, Ga, In

i Srieon stom lectron density
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—3 hole density
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nergy Diagrams

Kinetic Energy
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Azadi stadium

In Stadium: Number of available seats could be a
function of distance from the center so ....

N: number of available states for the electrons could
be function of “Energy” :  N(E)

Seats are not the same for fans so empty states for electrons!
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E f(E) probability of occupation of
state at energy E by electrons

1
J(E)= L4 o E BT

N(E)f(E)= # of electrons at energy E
N(E)(1-f(E))= #ofholes atenergy E

J(E)
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Conductor Semi-conductor Insulator

v

conduction band

conduction band

Ee

band gap

dlels N¢
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Eq (Si) = 1.1eV

Eq (Ge) = 0.7eV ,
Eg (SiOy) = 9eV
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lectrons / Holes: intrinsic

# of electrons at energy E

# of holes at energy E

N (E)f(E)
N(E) (1-f (E))

py = [ N(E)1 - f (E))dE

puBq 99US[RA
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# of electrons at energy E

# of holes at energy E

N(E)f(E)
?Z N(E) (1-f(E))
g Py
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clecurons / Holes: p-type
# of electrons at energy E
3 # of holes at energy E

pueq 9ouseA

g N(E)f(E)

N(E) (1-f (E))
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Fermi Energy
intrinsic n-type p-type
Ey
Ey
Py
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Fermi energy

p-type n-type
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Drift
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J=q(nu, +pu,)E -
DifoSion Charges move to be evenly distributed throughout space

Similar to perfume in room or heat in a solid
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n =4 " dx
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p-type
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p-type
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depletion region
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Bipoiar Transistor
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Junction FET

Gate

Source ®— —e Drain

Gate
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