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What do we want to know?

Beyond I/V, want to 

understand how dimensions, 

composition, contacts, etc 

affects transport
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Q1, Discovery PlatformTM

Ga+/R-Pt

Nanowire device assembly using the Discovery 

Platform

This step requires 

electron beam or 

focused ion beam
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Nanowire device assembly using optical lithography: 

works well for nanowires >2 µm in length
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Ohmic conduction in a nanowire
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Rc ≈ 1.4×10
5Ω, or 

ρc~5.6×10
-5 Ωcm2

4 point probe measurements yield resistivity, 

contact resistance for nanowires >10 µm)
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n, µ are constants

Even with ohmic I-V, need 4-point probe (or TLM) 

for reliable nanowire resistivity measurement
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In many cases, I-V for nanowires is not linear (i.e not 

ohmic); contacts are usually blamed
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In some cases, Rc<<Rnw:

)()()( xExqnxJ µ=

electrons/cm3 cm/s

Low mobility or low carrier concentration can 

limit J, create electron pile up at cathode
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Can we ‘control’ contact transport?

B. Swarttzentruber

GaN

I/V

W/Au probe
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I~exp(V), rectification indicate Schottky barrier, 

thermionic emission transport (approx.)

For I-V curves from previous slide, fit of ln(I) vs. V yields IC of -21, slope of 

8, resulting in φφφφb~0.4 eV, and ideality factor of ~4; this is a lousy diode!

Tunneling is likely to contribute significantly to the current because of 

contact geometry
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Pressing probe onto nanorod ‘breaks’ Schottky 

barrier, transport becomes space-charge limited



Switching materials for memory and logic
Resistive switches for memory and logic (S. Williams, T. Kamins, W. Tong HP)



Switching materials for memory and logic
We combine I-V measurements with vibrational molecular spectroscopy 

(Surface Enhanced Raman)



AC dielectrophoretic assembly is a quick, convenient 

way to assembly variety of nanodevices

Rb

F



The CINT Transport Discovery PlatformTM provide 

small gap electrodes which can be used for 

nanodevice assembly
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SEM

Photoluminescence provides additional insight
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dominates, R~105Ω



As substrate T increases from 800oC to 900oC, yellow lum., resistance decreases

Substrate temp. and electrical/optical properties are 

strongly related
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Wang,Talin, Werder, Creighton, Lai, Anderson, 

Arslan, Nanotechnology 17, 5773, 2006

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
5

R
e
s
is
ti
v
it
y
 (
o
h
m
-c
m
)

0.01
2 3 4 5 6

0.1
2 3 4 5 6

1

BEL/(BEL+YL)

 900°C
 850°C
 800°C



Nanowires grown at 800oC: strong YL, high R
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Stern et al., Nanotechnology, 2006
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Carbon from TMGa may lead to carrier compensation

No effect of Tsub on [e-] for elemental Ga or Ga2O3 source



Bellow ~100 nm, GaN nanowires grown at 900oC 

are insulating!
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