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Nanostructured metallic thin films

Why are the electrical properties so interesting?

Metallic Bulk Matter —————— Ohmic conduction
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Nanostructured metallic thin films

Why are the electrical properties so interesting?
Thin Films atom-assembled = Anomalous properties
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Historical background: from the past to the present
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The

Mean Free Path|of Electrons in Metals

By K. H. SONDHEIMER ¥,

Royal Society Mond Laboratory, Cambridget

Anomalous transport
properties due to the
submicrometric thickness

Scattering events

** Mayadas e Shatzkes, Phys. Rev. B, 1, 1382 (1986)



Historical background: from the past to the present
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Bad Metals Made with Good-Metal Components
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Department of Physics, University of Florida, Gainesville, Florida 32611
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Percolation Theory and Electrical Conductivity

B. J. Last and D. J. Thouless
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(Received 4 October 1971)

~ Thickness (A)

. (') | 2(.)0 - 4?0 ' 600

"’: RN o 1. Insulator regime
% :Zs Nucleationoo%"eo; Coalescence EHomo- 2 Perco!ation_regime
€ U et geneous 3. Metallic regime

10 5 E Elg 'g:a;é

* S. B. Arnason et al., Phys. Rev. Lett., 81, 3936



Historical background: from the past to the present

Science and Technology of Advanced Materials
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Multistate|resistive switching|in silver nanoparticle
films

Eric ] Sandouk, James K Gimzewski & Adam Z Stieg

In more recent years...
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Historical background: from the past to the present
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Memristive devices for computing pr N
J. Joshua Yang', Dmitri B. Strukov? and Duncan R. Stewart® T )(Z)" *

Memristive devices are electrical resistance switches that can retain a state of internal resistance based on the history of
applied voltage and current. These devices can store and process information, and offer several key performance characteristics
that exceed conventional integrated circuit technology. An important class of memristive devices are two-terminal resistance

Memories (RRAM), memrisitve devices
logic gates, adaptive systems....

Technological
application

Thin films

*Strukov et al., Nature, 453, 80 (2008)
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Why introduce cluster assembled films?




Cluster assembled metallic films

Bridge between bulk Cluster: aggregate of atoms

and atom like properties (from few units to thousands)
| : !

macroscopic » mesoscopic < »  microscopic

size-induced metal-insulator transition

* Cluster as building blocks to fabricate film:

e PRET With defects, dislocations...

Eit T K3 Properties different form bulk-like
Properties different from atomically
deposited film
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*E. Roudner, Chem. Soc. Rev., 2006, 35, 583-592



Cluster assembled metallic films

Objectives

e Study the morphology
« Control the growth process
« Understand electrical

T—_— e " 8% || curen transport properties




Introduction Discussion Conclusions

Experimental methods

Gain a deeper insight into the
methods can be used...

1. Cluster metallic film
fabrication

2. Morphology investigation

3. Electrical transport
properties investigation

Methods
toolbox




Introduction

Discussion Conclusions

Experimental methods

Supersonic Cluster Beam Depositio
Cluster Cluster depositi
production

in gas Supersonic T \

ohase expansion
XY traslator

Vacuum pump

1. Cluster metallic film fabrication

P

Pre-evaporated
electrodes

Resistance Cluster film

measure in-situ

Electrical resistance




Discussion Conclusions

Introduction

Experimental methods

15000 -

Some image
processing...

10000 -

Counts

...geometrical properties
analysis (island size,
coverage...) §

5000 -

250

WD = 4.1mm EHT = 7.00 k¥

Mag=500.00K X 100 nm
Signal A =InLens

Date :29 May 2018

2. Morphology investigation




Introduction Discussion Conclusions

Experimental methods
Voltage-Current measurement

- . :
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Electrical
properties
under the
application
of an
external bias

Mag=50000K X 100
Date :29 May 2018

3. Electrical transport properties investigation



Introduction Discussion Conclusions

‘o> with this new

tools iIn mind... /
Nnow we are Electrical analysis
.. goingto see |
_ scBD some data...
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Percolation Curve




Introduction Discussion Conclusions
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Introduction Discussion Conclusions

Native Island Size Distribution
Growth in the first stages
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Introduction

Discussion Conclusions

Au/Si
Ar

Mag=30000KX 100 nm
Date :29 May 2018
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Percolation Threshold
Growth in the first stages
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Introduction Discussion Conclusions

Percolation Threshold

z Electrical properties
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Introduction Discussion Conclusions

. Beyond the Percolation Threshold
Q Morphology

Cross-section




Introduction Discussion Conclusions

O . Beyond the Percolation Threshold

Electrical properties
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Introduction Conclusions

Discussion

At the origins of the non linear behaviour and the switching mechanism
In our metallic systems

rermilevel  » Presence of defects, grain boundaries...
/\N\(\r\n{\r\ Potential Different conduction mechanisms: tunnelling...

« Electromigration effects
Joule heating, atom rearrangements....

“As grains are growing and restructuring, there is the possibility for grain
boundary potentials to alter in both height and width so to either increase
or decrease the resistance”

Durkun, Schneider,Welland J. Appl. Phys., 86 (1999)

1S this all?

*Durkun and Welland, Phys. Rev B, 61 (2000)



Introduction

Conclusions

*Metal nanowire random network DiSCUSSiOn
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conductance

Complex behaviour

g o question...
B 0.001
Current paths at different current source Iin
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current map
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*Manning et al., Nature Communication (2018)



Introduction Discussion

Conclusions

Cluster assembled
metallic films

Fundamental : -
point of view Applications

. Organization of the matter at the

nanoscale e Non linear electrical properties
. Growth morphology . Switching mechanism in metallic
. Understanding of physical films

properties like electrical
transport




Introduction Discussion

Conclusions
Perspectives

ster assembled
metallic films

Organization of the
matter at the

Deepest study of switching

nanoscale behaviour
Growth
morphology S ° Exploiting such a complex

Understanding of
physical properties
N like electrical
transport

phenomena

. Further study on local
electrical and
morphological properties
of thicker films (AFM)

Non linear electrical
properties

Switching mechanism in
metallic films ,




Introduction Discussion

This is highly multidisciplinary project
Thanks to:
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Introduction Discussion Conclusions
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Discussion Conclusions

Introduction

Experimental methods
Image processing

Thresholding method o | | |
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Introduction Discussion Conclusions

Experimental methods
Image processing

Diameter of a circle with the same area as the region,
returned as a scalar. Computed as sqrt(4*Area/pi).

top-right

right-fap

right-bottom

bottam-right

Perimeter
Area
Equivalent diameter = sqrt(Area/r)




Introduction Discussion Conclusions

Experimental methods
Electric Measurements

Scheme of the device under test

Two probes method

V=RI

V: voltage
R: resistance
|: current

V applied




Introduction Discussion Conclusions

Beyond the Percolation Threshold
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Introduction Discussion Conclusions

Beyond the Percolation Threshold

N Electrical properties
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