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Outline: 

• Bulk transport – two approaches

Laudauer approach – illustrative for phenomena

BTE – describtive for correlations in transport 

• Transport at interface
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Peltier effect
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• Interface transport properties

e-
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• Bulk transport properties

o Landauer approach – Thermoelectric phenomena

Ballistic transport;

Approximate but illustrative.

o Boltzmann transport equations – transport coefficients

Diffusive transport;

Statistical behaviour, relatively closer to reality, but realitively;

Correlation of transport coefficients.



K=0
RT

µ

𝑓1(E)0 1

E

D(E)

µ / EF
µ

𝑓2(E)0 1

• Equilibrium, no external force

No net current

Conductor

Contact 1 Contact 2

C 1 C 2

ConductorC 1 C 2

Fermi Distribution

𝐼 = 𝐺∆𝑉 + 𝐺𝑠∆𝑇

Ohmic

current

Seebeck

current

𝐺

𝐺𝑠
} ∝ 𝐴න𝐷 𝐸 𝑓1 − 𝑓2

∝ 𝐷׬ 𝐸 −
𝜕𝑓0

𝜕𝐸

Thermoelectric phenomena - Landauer



External force changes the chemical potential
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• When apply electric force
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• When apply temperature difference on an open circuit

Temperature difference changes charge Fermi 

distribution
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• Peltier effect
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Intrinsic semiconductor has zero seebeck
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Light doped Semiconductor
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Heavy doped Semiconductor
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• Optimizing power factor
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• Optimizing power factor

Seebeck coefficient

Electrical conductivity

• Optimize the interaction between 

transport coefficients

• Doping, defect scattering, energy filtering

Wiedemann-Franz law

Transport coefficients - Boltzmann



 How much electrons/ holes, 𝛼, 𝑛

 The ability electrons/ holes move, 𝜎, 𝜇, 𝑛

 The ability heat propagate, κ

 Expect zT > 1

• Bulk transport properties

• Interface transport properties

 Non-rectifying contact

 Rectifying contact, RC

 Interface states, Na



Interface transport properties
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Interface transport properties

The ideal non-rectifying barriers (Ohmic contact)

Metal work function 𝜙𝑚 >>  Semiconductor electron affinity 𝜒

Metal work function 𝜙𝑚≈ Semiconductor electron affinity 𝜒

Barrier height 𝜙𝑏𝑜 = 𝜙𝑚 − 𝜒

Rectifying barriers (Schottky contact)

I

V



Interface transport properties

The Tunneling Barriers

𝑊 =
2𝜖𝑠(𝑒𝜙𝑏𝑖 + 𝑉 −

𝑘𝑇
𝑒
)

𝑒𝑁𝑑

Depletion region

𝑾

𝜖 𝑠 -- Dielectric constant

𝑒𝜙𝑏𝑖 -- Build-in potential

𝑁𝑑 -- Doping concentration

-- Fixed

-- Fixed

-- Manipulative  

𝑾 small enough for tunneling

𝑁𝑑 < 1017 𝑐𝑚−3

𝑁𝑑 = 1019~1020𝑐𝑚−3

For most semiconductors

𝑁𝑑 = 1017~1018𝑐𝑚−3



Interface transport properties

More complicated- interface states in reality

 Pinning the Fermi level

 High density of surface states

→ Dielectric barrier 𝜒 𝑖, dominating!

𝑾

𝝌 𝒊

III-V: 

0.6~0.7𝐸𝑔

𝑾

 In real world, M-S interface is about 

o Selection of metal

o Epitaxial growth
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Sum up: 

• Bulk transport – two approaches

Laudauer approach – illustrative for phenomena

BTE – describtive for correlations between 𝛼, 𝑛, 𝜎, 𝜇, κ

• Transport at interface

Non-rectifying contact

I need learn more from you


