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Outline:

A self-assembly monolayer (SAM)

A single molecule: High and low conductance
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Transistors in
Integrated Circuits

What's the problem?

Physical limit:
Diffraction of light.

Economical limitation:
Too expensive.




Molecular electronics: A solution

The main idea: use molecules to create analogues
of today’s IC chips.

Because molecules are small and can form
structures by self-assembly.

Aviram & Ratner, (1974).

For example ..

self-assembled
bioactive nanofiber science, 294, 1684 (2001)




Previous measurement and modeling:
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Science 278, 252 (1997)
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PRL 84, 979 (2000)
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A SAM measurement: Alkanethiol molecular wires
Wold and Frisbie, JACS 123, 5549 (2001)

Rather similar results from other
groups: M. Reed et al (2003);
Lindsay et al, Nanotechnology,
13, 5 (2002).

Current (nA)

Average R (Q)

200

IJ-"-“::'/‘-:

-200F

-0.3 ﬂiﬂ I:".l3 W

-0.5 0.0 0.5
Voltage (W)

Monolayer Junction

p=1.19/Me (1.10A™)

. Io:qd: 1 nNI

a8 10 12
Number of Carbons




Our method:
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DFT plus non-equilibrium Green'’s functions:
Taylor, Guo, Wang, PRB 63, 245407(2001)-----McGill-
Device-CALculator (McDCAL); Brandbyge, et al, PRB 65,
165401(2002)---Transiesta.




Experiment Our modeling
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JACS 123, 5549 (2001) Nano Lett. 3, 1521 (2003)




What Is the single-molecule conductance?
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Conductance of a Au nanowire:
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Nature 395, 780 (1998) 1G 2G 3G

Conductance (G )

Nano Lett. 6, 2362 (2006)
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J. Tao et al, Science (2003)




Measurement on single alkanedithiol molecules

£ =1.05

J. Tao et al, JACS (2003);
Science (2003)
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Previous modeling:
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Conductance of an Ensemble of Molecular Wires: A Statistical Analysis
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Our model:

Unit: Go
Kaun & Seideman, Phys. Rev. B 77, 033414 (2008)




Contact effect (N=6):
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Kaun & Seideman, Phys. Rev. B 77, 033414 (2008)




New experimental results:
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JACS, 128, 2135 (2006)
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Quantitative agreement?
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Muller et al, Phys. Rev. B, 73, 045403 (2006)




Conductance are quantitative consistent to
experimental data

Au-S hybridization states dominates the
conduction in junctions

The structure of electrodes plays an important role.




Ongoing works:
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