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Multiscale problem
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Visualizing current flow at the mesoscale
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Long range tunneling and blinking
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Outline

1. Sample preparation

2. Control of transport mechanism

3. Visualization of current flow
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Plasma synthesis of ZnO NCs
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NC deposition by supersonic impact
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Surface preparation by atomic layer 
deposition
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Al2O3 coating reduces ZnO superficially
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IMT in arrays of touching nanocrystals
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ZnO coating adjusts interparticle contact 
radius
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ALDALDC drdr 0
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An alternative way of calculating contact 
radius
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Comparison between methods
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Contact radius controls carrier mobility
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Calculated contact resistance
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Contact radius and transport mechanism
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Intermediate conclusions

• Coating of ZnO nanocrystals with Al2O3 by atomic 
layer deposition results in a reduction that 
increases the carrier concentration.  

• The electron transport mechanism can be 
controlled by coating the ZnO nanocrystals with a 
small amount of ZnO by atomic layer deposition.  
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Visualization (model and experiment)
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CAFM tip
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Nanocrystals. In Preparation.



Model NC assembly
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Equilibration



Calculated resistor network (T=38 K)
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Simulated CAFM current maps
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Experimental
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Film structure
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Ohmic contact
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Current overlay at T=296K
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Experimental maps
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Peak analysis
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Subnetworks
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Blinking (T=38K)

31
Chen, Q.; Guest, J.R.; Thimsen, E., Visualizing Current Flow at the Mesoscale in Disordered Assemblies of Touching Semiconductor
Nanocrystals. In Preparation.



Conclusions from visualization

• The model of Skinner, Chen and Shklovskii is an 
excellent starting point for understanding charge 
transport in large numbers of nanocrystals that 
display an ES-VRH mechanism.  

• We have observed SUBNETWORKS of uniformly 
higher resistance that appear to be connected to 
the conduction backbone by a tenuous high 
resistance link.

• The network displays dynamics that result in large 
regions both joining and disconnecting from the 
network.
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Also works for other materials…

34

1 10
10

3

10
4

10
5

10
6

S
h

e
e

t 
re

s
is

ta
n

c
e

 (


 s
q

-1
)

Time (Days)

 As-deposited ITO

 Al
2
O

3
 coated ITO

Ephraim, J.; Lanigan, D.; Staller, C.; Milliron, D. J.; Thimsen, E. Transparent Conductive Oxide Nanocrystals Coated with Insulators by Atomic 
Layer Deposition. Chem. Mater. 2016, 28, 5549-5553.



IMT in arrays of touching nanocrystals
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Diffusive sample
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