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Order, disorder and distributions
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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



Plasma synthesis of ZnO NCs
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NC deposition by supersomc impact

Aerosol from

plasma
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Surface preparation by atomic layer
deposition

ZnO NC network as deposited
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Al,O, coating reduces ZnO superficially
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IMT in arrays of touching nanocrystals
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/n0O coating adjusts interparticle contact
radius
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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

Longitudinal mobility and
carrier concentration from
Hall Effect measurements

Local mobility and
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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 Al,O; 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.



Visualization (model and experiment)

AFM tip

Zn0O
nanocrystals

Ground
electrode

800 nm Si0,
Si substrate

CAFM tip

20 40 60 80 100 120 140
X/ nm

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



Model NC assembly
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Equilibration
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Calculated resistor network (7=38 K)
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Current
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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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Blinking (T=38K)
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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...
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IMT in arrays of touching nanocrystals
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Diffusive sample

a2  Diffusive _ a3

330 nA R ———
3 150K
250 5
2]
200 c
S
150 8
100
b2 I o
50.6 nm 330 nA 2008 |
%)
250 =
200 3
(&]
150
100
1 3 4 5 6 7
Log(R/Q
C
T T T T T T T T T T ¥
300} d 300 : 1
3 300 L J
200} 4 200} -
i 250 I |
ié 100_— 4 200 E 1oo_- 1
é 0 150 § oF —
3 100k - 100 3 1001 e
200 - 50 200 i
I " L l
-300 - -300 2
1 " 1 " 1 " 1 M L " L " L " 1 " 1 " 1 1
20 -0 0 10 20 20 -0 0 10 20
Tip bias / mV Tip bias / mV

400

300

200

100

O F

36



Current
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Intensity / arb.
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