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Result used in previous presentation:
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d = Average separation of grain boundaries(GB)
D — Diameter of grain,

R - grain boundary reflection coef ficient

lo = mean free path

p — specularity parameter of surface

cos¢ sinf

Electron scattering by grain boundaries and surfaces

_ | 0 entirely diffuse (1)
P=11 entirely specular scattering (2)

4,5, 6 : transition from GB



Overview:

Scattering by grain boundaries: MS model
Scattering by surfaces: FS model
Background scattering: Bulk

(point defects and phonons)

Boltzmann transport equation:
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Linearized BTE,
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pg: Scattering from series of partially reflecting grain boundaries and
background scattering from phonons and defects (Bulk)

Assumption:
Grain boundaries normal to surface (randomly spaced)
Grain boundary potential is short ranged and smooth (delta potential)

BTE
0 1
ev(k). - = (i> = J PUeJ[00K) — D0 dkc + Z
coll

de at /

Grain boundaries Background

Perturbation theory:
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Potential S§(x — x,,)
Average separation: d
Grain boundary separation follows
gaussian distribution:
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Transition probability:

For free electron,
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Delta function:
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Averaging over gaussian distribution: [ g(x;)P(k, k")dx;
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Reflection coefficient of single grain boundary

V(x)
A So(x—xy,)
A A
Ap—1 7NN ™™ AN - ‘4”
Bn—l VAV
T >

* Boundaries are identical with same R

* Equally spaced boundaries (Translational symmetry)
O, _1(x) =A,_e*x* + B, _ e ™x* for (n-1)d < x < nd
®,(x) = A et*x* + B e thxX for nd < x < (n+1)d
Boundary conditions:
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Resistivity by grain boundary scattering:

Boltzmann equation solution:

af, 1 1
®d(k) = t*eEv, | = | where -~ == + 2F (k,|)

de
For interplanar spacing(t) = Average grain diameter (d) = k2s? >» 1
T
=>7" =
O(kp
1+ k.
Integrating over Fermi sphere,
Gl ik SFPRNE L P
o, = =—1 7
9" 4m3 | |Veel F T 2t ), 4749
ne‘t
Where,q = cosO,k, = krq,Vie = hv and gy = —

ag_3
0-0_2

= f(a)

1 1 3 1
—J —q*dg=1—za+3a*-3aIn|1+—
11+a/qq 2

al asdlorRT




Fuchs and Sondheimer (FS) model

Boltzmann equation:
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Boundary condition:
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Fuchs and Sondheimer Theory:
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Gold onto mica substrate: Gold onto mica substrate:

zl=f9”m t=109nm
=11.1nm d = 12.4nm

Experimental data: Black cross

Bulk resistivity: Black dash

Po+MS: Orange line(py = p, =1)
Po+MS+RS(FS): Black line (p, =0, p, =1)



Conceptual difficulties and inconsistencies:

* Inadequate description of the wave functions as plane wave in the presence of grain boundaries.
d, (r) = exp(ik.r) uy (1)

* For crystalline sample with grain boundaries should include the allowed and forbidden states by
GB periodicity.

* Equally spaced grain boundaries



