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SALD Team + AgNWs Team = improved TCM
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Transparent conductive materials

ITO most widely used TCM, but
• Expensive fabrication
• Indium scarcity
• Brittleness

Transparent heater for 
defrosting window

OLEDTouch panel: LCD 
multitouch

Emerging PV

Optoelectronic 
devices

Transparent 
heaters

Sannicolo et al., Small 12 (2016) 6052-6075
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AgNW Networks as alternative TCM

≠ length scales to be dealt with

Ag NWs synthesized by the polyol method

Langley et al., Nanoscale 2014, 6, 13535
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AgNW Networks as alternative TCM

For sheet resistance of about 10 Ω/sq :

More transparent to IR than TCO and more flexible
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Deposition and optimisation of Ag NW networks

Ag Nanowires 
Spray Deposition

Langley et al., Nanoscale 2014, 6, 13535Sannicolo et al., Small 12 (2016) 6052-6075
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Quatized percolation and antipercolation
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.

Sannicolo et al., Nano Letters 2016, 7046

Lock-in IR Thermography



8

Electrical stress also degrades AgNW networks

Sannicolo et al., ACS Nano 12 (2018) 4648-4659
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Electrical stress also degrades AgNW networks

Sannicolo et al., ACS Nano 12 (2018) 4648-4659

Current density
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Drawbacks of AgNW networks

• Low thermal and electrical stability

• Reduced charge collection efficiency

• Homogeneity of network 

• Surface roughness of the Ag NWs

• Poor adhesion to the substrate

Probability of charge  collection
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AgNWs/oxide composites

Coating AgNW networks with a thin layer of oxide improves stability

Lagrange et al., Nanotechnology 28 (2017) 055709

TDMAT + H2O, 250 °C, Fiji F200
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Atmospheric Pressure Spatial ALD (AP-SALD)

Up to 100 times faster, atmospheric pressure, even open-air
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Atmospheric open-air processing

Ag Nanowires 
Spray Deposition

AP-SALD @ LMGP 

R= 12 Ω Tr= 90 %

Stdr saple size: 2.5 x 2.5 cm2
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Study of the effect of ZnO coating thickness on stability

DEZ + H2O, 200 °C

Khan A., Nguyen, V.  et al., ACS AM&I 10 (2018) 19208
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Study of the effect of ZnO coating thickness on stability

Failure upon thermal ramp increases for thicker coatings
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Study of the effect of ZnO coating thickness on stability

Khan A., Nguyen, V.  et al., ACS AM&I 10 (2018) 19208
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AgNW networks + TCO coating

AgNWs + Al:ZnO by AP-SALD
DEZ, TMA, H2O, 200 °C, 150 nm



18

AgNW networks + TCO coating: better collection eff. 

Nguyen, V., Resende, J.  et al., Nanoscale (2019), doi 10.1039/C9NR02664A
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Synergistic effect for low AgNWs areal densities

Nguyen, V., Resende, J.  et al., Nanoscale (2019), doi 10.1039/C9NR02664A
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More stable than bare AgNW networks

Nguyen, V., Resende, J.  et al., Nanoscale (2019), doi 10.1039/C9NR02664A
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More flexuble than bare AgNW networks or Al:ZnO

Nguyen, V., Resende, J.  et al., Nanoscale (2019), doi 10.1039/C9NR02664A



22

Conclusions

• AP-SALD: protective conformal coatings and nanocomposites for AgNW

based electrodes: thermal, electrical, chemical and mechanical stability 

improvement

• Also protection of CuNW networks                                                            

(with Al2O3, Celle, C. et al. Nanotechnology, 29 (2018) 085701)  

• Coatings & composites contribute to a fundamental understanding of the 

stability and behavior of AgNWs



23

Announcements! LATE NEWS-HOT TOPIC Abstracts 
on September 4 – 18th 11:59 ET

http://sites.google.com/site/workdmr/ 
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ZnO SALD Coating on AgNWs

Thanks for your attention!!!

http://sites.google.com/site/workdmr/ david.munoz-rojas@grenoble-inp.fr @davidmunozrojas


