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The crystalline anisotropy
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The conductivity tensor is NOT isotropic.
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Review of semi-classical theory
• Semiclassical view of current:
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• Distribution function
𝑓 = 𝑓0 + 𝑓1

𝑓0: equilibrium part, 𝑓1: non-equilibrium part due to the electric field
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𝑆𝐸𝐹: Fermi surface area, conduction only occurs on Fermi surface
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More about the Fermi surface for 3d transition 
metal like Fe, Co, Ni
• The conductivity also 

depends on the density of 
states

• s electrons dominate the 
transport because of the 
small effective mass
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𝜖 𝜖

s electron d electron

Atomic overlap large Small

Energy range large Small

Effective mass 
1

𝑚∗ =
1

ℏ2
𝜕2𝜖

𝜕𝑘2
small large

Density of states small large

Speed faster slower



Nature of relaxation time 𝜏

• The relaxation time depends on the 
scattering rate
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𝑉𝑠𝑐𝑎𝑡𝑡 =
Δ𝑍𝑒2

𝑟
𝑒−𝑞𝑟

e

s state

s or d 
state

Spin up

Spin down

1

𝜏↑
=

1

𝜏𝑠𝑠
+

1

𝜏𝑠𝑑↑

1

𝜏↓
=

1

𝜏𝑠𝑠
+

1

𝜏𝑠𝑑↓

Δ𝑍𝑒2

𝑟
𝑒−𝑞𝑟

𝑘 𝑘’

ി𝜎 =
𝑒2

4𝜋3
න𝜏 Ԧ𝑣 Ԧ𝑣

1

ℏ𝑣𝐹
𝑑𝑆𝐸𝐹



Calculating the scattering matrix

• ss scattering
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𝜃: angle between 𝑘 and 𝑘 ′. This is isotropic.

• sd scattering 𝜙𝑚 Ԧ𝑟 = 𝑥𝑦 as an example.
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Simplified case 

• The incident is always s electron, which has parabolic (free electron 
gas) dispersion.
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• For an extreme case, consider only the dxy state is on the Fermi 
surface 
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To visualize 𝜎𝑖𝑗, we plot the longitudinal conductivity
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Examples

xz yz
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Examples

xy xx-yy

xz yz 3zz-rr

1

1
𝜏𝑠𝑠

+ 𝛼 𝑘𝑥𝑘𝑦
2



0 50 100 150 200 250 300 350

1.45

1.50

1.55

1.60

1.65

1.70

1.75

1.80

1.85

1.90

R
e

s
is

ti
v
it
y
 (

m
o

h
m

.c
m

)

T(K)

 adbc

 bacd-2
a

b c

d

Z085

[110]

[11-2]

14.95nm

Experimental evidence

xx-yy

More toward the z direction!



Conclusion

• The semiclassical theory relies on relaxation time approximation

• Relaxation time depends on the s-d scattering.

• The s-d scattering causes the conductivity anisotropy.


