
Lundstrom EE-656 F09

ECE-656: Fall 2009

Lecture 6:
Discussion

Professor Mark Lundstrom
Electrical and Computer Engineering

Purdue University, West Lafayette, IN USA

1



Lundstrom ECE-656 F09
2

miscellaneous topics

1)  Quantum confinement and effective mass

2)  Bulk 1D transport and mfp

3)  Periodic vs. Box boundary conditions

4)  Thermal velocities

5)  “Ballistic mobility”
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quantum confinement and effective mass
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quantum confinement and effective mass
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quantum confinement and effective mass
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1D diffusive transport:  “bulk”
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In 1D, the diffusive current is the 
quantum conductance times the volt 
drop across one mean-free-path.



periodic vs. box boundary conditions
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periodic boundary conditions

ψ x( )= uk (x)eikx x

x,kx0 Lx

ψ 0( )= ψ Lx( )→ eikx Lx = 1

kx Lx = 2π j j = 1,2,3,...

kx =
2π
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j

2π
Lx

dk

# of states =
dkx

2π Lx( )× 2 = Nkdk

Nk =
Lx

π
= density of states in k-space
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kx = π a
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periodic boundary conditions
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Lx = NAa
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υT 2 = υR

Richardson velocity



rms thermal velocity
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“ballistic mobility”
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“ballistic mobility”
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“ballistic mobility”
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(M.S. Shur, IEED EDL, Sept. 2002)
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Example Problem: InGaAs Transistor
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Please see video of this lecture for chalkboard details/footage.
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