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A Conduction in molecules
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Production Costs

$100.000,000 3
— po
¥ 2
0 —~
2 .
a $10.000,000 :
Sho . . g . --‘/
8 i A "*,«t "
ok . A __‘--""A
> i ‘{“
= A 4
2 51,000,000 =
{ P Sl
> e
N =t
- —
-‘ $100.0M|Ullllllllllllllllllllllllllllllllll
1975 1880 1825 1830 1885 2005 2010




Technical Challenges
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Molecular Measurements



Basic 2 Terminal Device
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characteristics




AAll 1 gator Clipso

Attach molecules to surface and drive the
self-assembly process

Reed and Tour Scientific American June 2000
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Electronic Characterization Methods
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Break Junction

Qui ckTi meE a
decompressor
are needed to see this picture.

Advantages: Can measure single molecules
Electrical contact to device easy

Stable to T change (low T)

Y. Selzer et al. Nano Lett 5, 61 (2005).



Break Junction Measurements

QuickTi meE and
decompressor
are needed to see this picture.

QuickTi meE and

ecompressor
are needed to see this picture.

H.B. Weber et al. Physica E, 18, 231 (2003).



SAM In Nanopore

Qui ckTi meE anc QuickTimeE an
decompressor. decompressor
are needed to see this picture. ) .
are needed to see this picture.

Advantages: SAM formation well understood
Stable once formed (T, V, molecular decompostion)

High yield of functional devices

M.A. Reed Proc IEEE, 87, 652 (1999).



Problems With the Top Electrode

Hot metal reacts
with SAM (ex: Ti)

Qui ckTi meE and a
decompressor
are needed to see this picture.

Hot met al do
stick to SAM (ex: Au)

A. V. Walker et al. Appl. Phys. Lett., 84, 4008 (2005).



Crossed Wire Tunnel Junction

A Simple experimental apparatus

AWide variety of wires availabl e (
A Junction contains ~102 molecules

A No metallization after SAM deposition

Current (LA)

Voltage (V)




Current (uA)

Thiolate-Metal Interaction

|Voltage| (V)

Higher conductivity corresponds

to hole injection at the Pd-S
Interface.

Lower barrier for Pd-S compared
to Au-S contact consistent
with theoretical predictions.



SPM techniques



Conducting Probe AFM

C. Daniel Frisbhie
University of Minnesota

AMolecular junctions made
using metal coated AFM tips to
contact self-assembled
monolayers

AJunction resistance measured
as a function of molecular
length and contact type




Current vs. Voltage Measurements
on Single Molecules

25 nm x 25 nm /5 nNm X /5 nm /5 nNm X 75 nm

N

7
crystalline insert dithiol bind 2 nm gold
undecanethiol molecule at defect nanoparticles to
(C11) SAM sites iInserted dithiols

A. S. Blum et al. Appl. Phys. Lett.82, 3322 (2003).



