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Efficient and stable 
transparent electrodes 
based on silver nanowire 

(AgNW) networks: 
experimental & 

simulation approaches.
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Applications of Transparent Electrodes (TE)

R2R Perovskite Solar Cell, CSIRO Dye Solar Cell façade, Solaronix Transparent antenna, MTI2

Transparent Heaters, GeomatecFlexible OLED for smartphone, BOEInsight Media (2014)



Review: Papanastasiou et al., Adv. Funct. Mater. 30 (2020) 1910225

Transparent Conductive Materials & Figure of Merit
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TFoM  TCM families & 

combinations

 Performance target 
& comparison

‐ Brittleness

‐ Use of rare metals 
(Indium)

‐ Use of vacuum and/or 
high temperature 
deposition

Metallic Oxides Drawbacks



From AgNWs to AgNW Networks
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1 µm

 SEM

Samples size 10*10 cm2

Rsh = 5 Ω/sq

Tr = 90 %

100 nm

 AgNWs suspension 
spray deposition

LNW 5‐150 μm
DNW 10‐150 nm
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Nguyen, Resende, Papanastasiou et al., Nanoscale 11 (2019) 12097
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Substrate:
Polyimide Resin

Jung et al, Thin Solid Films 550 
(2014) 435

ITO on PEDOT:PSS/PET

AgNW versus TCO: flexibility

20 μm

Bare AgNW

AgNW/AZO 

30 μm

depositions on Neopulim

 SEM after bending



AgNW Networks Limitations 
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1 μm
Spheroidization 

of AgNW network
under thermal stress

200 nm

Surface roughness 
of AgNWs

Local degradation 
of AgNWs 
under electrical stress

1 μm

Assess & improve 
stability
electrical
thermal
mechanical
chemical



 Voltage stress (0.5 V/min) and spatial distribution of Temperature by IR imaging

1) t=420.0 s 2) t=420.5 s 3) t=421.0 s

4) t=421.5 s 5) t=422.0 s 6) t=422.5 s

20 μm

10 μm
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Local stress peak

Thermal
crack

Advancing
thermal 
crack

<
<

<
<
<

j

Sannicolo et al., ACS Nano 12 (2018) 4648
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Charvin, Resende, Papanastasiou et al., 
Nanoscale Advances 3 (2021) 675‐681 

In collaboration with
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Failure of non‐homogenous networks

 Voltage stress (0.5 V/min) and spatial distribution of Temperature by IR imaging
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Papanastasiou et al., submitted
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Modeling of non‐homogeneous networks

 COMSOL simulation 
of Ag thin films

 Comparison between 
simulations and 

experimental results
at 5 volts
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Papanastasiou et al., submitted



Enhanced stability by oxide thin coatings
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Integration into devicesOptimized, stable technology

50 nm

 Flexible, transparent electrodes for OPV Transparent Heaters for in‐situ biomedical observations
Collaboration with the bio‐group of LMGP
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 High transparency

60 80 100 120
1.0

1.1

1.2

1.3

R
/R

o

Temperature (C)

Bare AgNW
AgNW/ZnO

Temperature (°C)

 Stable performance

Atmosperic Pressure‐ Spatial Atomic Layer Deposition in LMGP. See oral presentation by Fidel Toldra‐Reig



..questions?
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TCM-SALD scientific days, Autrans-Vercors, February 2020


