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Nanoelectronics and the meaning of resistance
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Bottom-up view
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Equilibrium Energy Level Diagram
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What makes electrons flow?
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Escape rate
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Current through ONE level
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** Maximum Conductance ?
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Conductance quantum
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Conductance quantum: experiment

AN AR Measurement of the conductance

9 7 of a hydrogen molecule
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** Large conductors
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Ballistic channel
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Number of modes in a 1D channel
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Number of modes in a 2-D channel
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Quantum Point Contacts: Experiment

VOLUME 60, NUMBER 9 PHYSICAL REVIEW LETTERS 29 FEBRUARY 1988
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Conductance quantum: experiment

AN AR Measurement of the conductance
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Quantum Point Contacts: Experiment

VOLUME 60, NUMBER 9

PHYSICAL REVIEW LETTERS

29 FEBRUARY 1988
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Ballistic 2D channel
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** Driving term: f, - f,
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TEMPERATURE driven current
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Molecular "Seebeck Effect”

A Currant A
Au 5TM Tip (Cold) Armplifier
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—Thermoelectricity in
Molecular Junctions

Pramod Reddy,** Sung-Yeon Jang,®**t Rachel A. Segalman,™**} Arun Majumdar®*4

Ay Substrate (Hot)

Count (a.u.)

By trapping molecules between two gold electrodes with a temperature difference across them,
the junction Seebeck coefficients of 1,4-benzenedithiol (BDT), 4,4'-dibenzenedithiol, and 4,4"-
trihanzanadithinl in rantact with anld wara maacorad st rangq temperature to be 48.7 + 2.1

Experimenf: Reddyl et al_, Sciencel £ 3.2 uV/K, respectively (where the

wtions). The positive sign
315, 16 MC(F'Ch, 2007 eterojunctions, whereas the Au Fermi

L.2 eV above the highest occupied
tricity in molecular junctions provides

Theor‘y: Paulsson and DGTTGI uestions about their electronic
Phys.Rev.B 67, 241403 (2003).  teray conrsin. T e

Voltage, AV (V)
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Why electrons flow from cold to hot .. sometimes
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Where is the heat (I2R) ?
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