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Degradation Mechanism of Silver Nanowire Transparent Conductive Films: a Review

YE Chang-Hui, GU Yu-Jia, WANG Gui-Xin, BI Li-Li

(College of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Silver nanowire transparent conductive film is one of the new indium-free electrode materials. It has at-
tracted increasing attention from academia and industry due to its superior optoelectronic properties and excellent
flexibility. It has been employed in a wide variety of applications in displays, touch panels, solar cells, smart heaters,
electromagnetic interference shielding, and so on. However, silver nanowire transparent conductive film has a serious
stability issue in service, for example, break or spheroidization above 300 ‘C under fulfidation, accelerating the deg-
radation under ultraviolet light, pores formation or even breakdown due to electromigration. In this review, the deg-
radation phenomena is thoroughly introduced, the degradation mechanisms is analyzed, and the remedy strategy of
degradation is discussed.
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Fig. 1 Different failure modes of silver nanowires

(a) Chemical corrosion!'”; (b) Thermal failure!'™; (c) Joule heat fail-
ure!"®); (d) Electromigration”
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Fig. 2 TEM images of the same AgNW sample stored for different time after exposure to air at ambient condtions

[10]

(a) The sample just after synthesis; (b) The sample stored for 3 w; (c-e) The sample stored for 4, 5, and 24 w, respectively;
(f) High-resolution TEM image of one of the crystallites that compose the shell with inset showing to the FFT of the image
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Table 1 Interplanar distances and angles between
lattice planes from the FFT in Fig. 2(f)!""

Parameters Measured values  Theoretical values
d(o13/nm 0.242 0.242
d111/nm 0.305 0.308
d7,/ nm 0.311 0.311

013) £ (111)/(°) 49.1 50.0

111) £ 102)/(°) 79.2 79.4

(102) £ (013)/(°) 51.7 50.6
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Fig.3 Schematic representation of a junction between two adjacent AgNWst'?
(a) As-deposited junction; (b) Local sintering; (c) Initiation of the deterioration of the junction; (d) SEM image of a AgNW
junction after thermal load just before the failure point; (e-g) SEM images of bare AgNW electrodes
(e) Before annealing and after annealing for (f) 200 C, 20 min and (g) 380 ‘C, 20 min'"*!
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Fig. 4 (a) Finite-element simulation of the current flow through a two AgNW junction®”; (b, ¢) SEM images of a 12 Q/[1 AgNW elec-
trode under a constant current density of 17 mA/cm? for 17 d?'; (d-f) SEM image of AgNW network under Joule heating®®?: (d) Local
fracture of the AgNW network; (e) Expansion of hot spots; (f) Hot spots merge to form an electrically discontinuous region
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Fig. 5 The morphology of the small nanodots and large parti-
cles emerged on/around silver nanowires after light irradiation'®!

(a) The small nanodots on/around single AgNW; (b) The small
nanodots on/around AgNWs with different diameters; (¢) The small
nanodots at the end of AgNW and also the large particle at the
wire—wire junction with inset showing the high magnification image;
(d) The large particle adjoined AgNWs
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Fig. 6 SEM images of a bi-crystalline AgNW under a current of 54 mAP®
(a) Prior electrical stressing; (b-e) The direction of vacancy movement when the current flows to the left; (f-i) The direction of vacancy movement

when the current moves to the right; (k-n) Surface morphology SEM images of the AgN'W network in different stages of degradation'

[27]

(k) Fresh sample; (1) Degradation with larger grain size; (m) The emergence of larger voids; (n) Complete breakdown
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Fig. 7 Remedy strategy of silver nanowire degradation
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