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screening in 2D / 1D
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metal

geometric screening
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outline

1) About phonons

2)  Electron-phonon coupling

3)  Summary
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springs
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lattice vibrations



u(x) = Aêν ei βx−ω t( ) x

a

longitudinal

transverse

transverse

êν = x̂
êν = ŷ
êν = ẑ
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LA phonons (1)

x

a



u(x) = Aêν ei βx−ω t( )



ω β = υS = cl ρ ≈ 8.4 ×105 cm s

ω β( )= 2
K
m

sin
βa
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dispersion

υS = a K m

ωβ

π aπ a

υS = ω β

2 K m

β

near β = 0:
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TA phonons (2)
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u(x) = Aêν ei βx−ω t( )

ω

π aπ a
υS

2 K m

LA

TA (2)

near β = 0:
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LO phonons (1)

x

a

the two atoms in a unit cell oscillate out of phase 

unit cell


u(x) = Aêν ei βx−ω t( )
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TO phonons (2)

x

a

the two atoms in a unit cell oscillate out of phase 



u(x) = Aêν ei βx−ω t( )



Lundstrom ECE-656 F09
10

1D spring model (longitudinal modes)
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LO and LA 
degenerate at zone 
boundary for non 
polar semiconductors

LO and TO 
degenerate at β = 0 
for non polar 
semiconductors
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phonon dispersion characteristics
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measured phonon dispersion:  Si

http://www.personal.psu.edu/pce3/Research%20Topics.htm
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measured phonon dispersion:  GaAs

http://www.personal.psu.edu/pce3/Research%20Topics.htm
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simplified phonon dispersion

ω

β

ω0

(LA)

(LO)

ω = υSβ

ω if

“intervalley phonons”
1) Longitudinal modes couple 

most strongly with 
electrons.

2)  Intravalley scattering 
requires small β.

3) Intervalley requires β near 
the Brillouin zone 
boundary.
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amplitude of vibration



u(x) = Aêν ei βx−ω t( ) + e− i βx−ω t( ) 

u(xj ) = 2 A cos β aj −ωβt( )
du j

dt
= 2 Aω sin βaj −ωβt( )

KE =
1
2

m
du j

dt

2

= 2m A 2ω 2 sin2 βaj −ωβt( ) = m A 2ω 2

E = KE + PE = 2m A 2ω 2

ETOT = Na 2m A 2ω 2 = Ωρ2 A 2ω 2

xj = a j
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amplitude of vibration (ii)

ETOT = Ωρ2 A 2ω 2

quantum mechanics says:  


ETOT = hω

2

2
A

ρω
=

Ω


u j = Aei βx−ω t( ) + cc( )= 2 A cos βaj −ωβt( )

( )cos
2ju aj tββ ω

ρω
= −

Ω


x = aj j = 1,2,3,...
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outline

1) About phonons

2)  Electron-phonon coupling

3)  Summary
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electron-phonon coupling (LA)

δEC = DC
δa
a

‘deformation potential’

the bandgap depends on lattice constant:  δEG = Dδa
a

δa = u x( )− u x − a( )= u x( )− u x( )− ∂u
∂x

a






=
∂u
∂x

a

x

a
near β = 0:

LA phonons:

δa
a
=
∂u
∂x “strain” US = δEC = DC

δa
a
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deformation potential scattering

δa
a
≈
∂u
∂x “strain”

US = DA

∂uβ

∂x
= ±iβDAuβ = Kβuβ

uβ x,t( )= Aβe± i βz−ω t( )

“acoustic deformation potential scattering (ADP)”

Kβ

2
= β 2DA

2

US = δEC = DC
δa
a
= DC

∂uβ

∂x
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electron-phonon coupling (TA)

bandgap depends on lattice constant:  δEG = Dδa
a

x

a
near β = 0:

δa
a
∝

∂u
∂x







2

To first order, only LA phonons scatter electrons
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electron-phonon coupling (LO)

δEC = DC
δa
a deformation potential

δa x( )= uβ x( ) uβ x,t( )= Aβe± i βz−ω t( ) US ≈ DOuβ = Kβuβ

“optical deformation potential scattering (ODP)”

x

a

unit cell

Kβ

2
= DO

2



Lundstrom ECE-656 F09 22

polar semiconductors

As

uβ x,t( )= Aβe± i βz−ω t( )

Ga

+−

VIII

u

pP
V
δδ =




 Dx = ε0E x + Px

 δD = ε0δE + δP

0Dδ∇ =

δD = δDxe
iβx x →δD = 0

 
δE x = −

δPx

ε0

= −
δ px

ε0Vu

pδ 

 US = −q E x dx∫

US = q δ px

ε0Vu

dx∫
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optical phonons in polar semiconductors

As

uβ x,t( )= Aβe± i βx−ω t( )

Ga

+−

VIII

pδ 

US = q δ px

ε0Vu

dx∫

δ p = q*uβ

US =
qq*uβ

iβ ε0Vu

q*

Vu







2

=
ε0 ρω0

2

κ 0

κ 0

κ∞

−1






US = Kβuβ

Kβ

2
=
ρq2ω0

2

β 2κ 0ε0

κ 0

κ∞

−1






small angle scattering dominates
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acoustic phonons in polar semiconductors

As

uβ x,t( )= Aβe± i βx−ω t( )

Ga

+−

VIII

pδ 

US = q δ px

ε0Vu

dx∫

δ p = q* ∂uβ

∂x
= q*iβ uβ

US =
qq*

ε0Vu

uβ =
qePZ

κ 0ε0

uβ

US = Kβuβ

Kβ

2
=

q2ePZ
2

κ 0
2ε0

2
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scattering potentials

( ) ( )•, i r tu r t A e ββ ω
β β

± −=




 US = Kβ uβ
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POP

Kβ

2
= β 2DA

2

Kβ

2
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2

Kβ

2
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other scattering mechanisms

1) Neutral impurity

2) Alloy scattering

3) Surface / edge roughness scattering

4) Plasmon scattering

5) Electron-electron scattering

6) Electron-hole
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questions

1) About phonons

2)  Electron-phonon coupling

3)  Summary
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