Week 3: Metal Resistivity
Announcements
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Temperature Dependence of
Resistivity of Metals

Fig. 2.4: Scattering of an electron from the thermal
vibrations of the atoms. The electron travels a mean distance
/= u t between collisions. Since the scattering cross
sectional area is S, in the volume S/ there must be at least

one scatterer, Ns(Suz) = 1.
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Review of Last Time’s Equations

m What is the drift velocity?

m What is the drift mobility?

m What is conductivity in terms of drift
mobility?
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T Dependence of Vibrations

m T is proportional to cross sectional area atoms
takes up when vibrating (ra2)

m a2 can be related to temperature using a spring
analogy (temperature adds energy which causes
the atom to vibrate).

1 1
~Ma’w? = =kT
4 2
m M is the mass of the atom, o is the vibrational

frequency
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The Math of the T Dependence

m How does scattering depend on temperature?

1 1 C
ToC 2 oL —=—
ma T T
m How does resistivity depend on
temperature? 1 1 T
pr=—""= T = AT
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Electron Scattering Events

m We discussed how electrical resistance
comes about due to the scattering of
electrons by the lattice (thermal scattering)

m  Other scattering events also exist. Some
examples are:
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Mathiessen's Rule

m All these scattering events are accounted for

by Mathiessen's Rule
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Overall Temperature Dependence
of Resistivity

m Unlike scattering due to the lattice, residual
resistivity has very little temperature dependence
» This gives:

m Typically rather than list A & B, they give the
TCR (temperature coefficient of resistivity) o,
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Why is the T Dependence of
Iconel, Monel, and NiCr
Different Than the Elements??
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Effect of Various Scattering
Mechanisms on Resistivity
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Fig. 2.8: Typical temperature dependence of the resistivity of
annealed and cold worked (deformed) copper containing various
amount of Ni in atomic percentage (data adapted from 1.0, Linde,
Ann. Physik, 5, 219 (1932))
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Resistivity Increases with
Alloying
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Nordheim’s Rule
m Nordheim's Rule relates resistivity to alloy
(impurity) level
m This applies to solid solutions

»two materials completely miscible (one phase)

=CX(1-X)

p Impurity
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What is happening in the Cu-Au
system?

CujAu Ciau

[ A s B
010 20 3040 50 60 70 80 90 100
Composition (at.% Au)
Fig. 2.11: Electrical resistivity vs. composition at room temperature in
Cu-Au alloys. The quenched sample (dashed curve) is obtained by
quenching the liquid and has the Cu and Au atoms randomly mixed
The resistivity obeys the Nordheim rule. On the other hand, when the
quenched sample is annealed or the liquid slowly cooled (solid curve),
certain compositions (CuzAu and CuAu) result in an ordered
crystalline structure in which Cu and Au atoms are positioned in an
ordered fashion in the crystal and the scattering effex

From il of Slctkc Mlorils and Devices, Second Eton, S0, Kasap (9 Weeaw i, 2502)
i aera Usaek Ca

*used with permission from Kasap .
MatE 153, Dr. Gleixner




