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Abstract: Transparent film heaters employing silver nanowires (Ag NWs) have attracted increasing attention because of 
their widespread applications. However, the low thermal resistance of Ag NWs limits the maximum operating temperature 
of the Ag NW film heater. In this study, Ag NW film heaters with high mechanical and thermal stability were 
successfully developed. The thermal power-out characteristics of the Ag NW heaters were investigated as a function of 
the Ag NW density. The results revealed that the prepared flexible Ag NW heater possessed high thermal stability over 
190°C owing to ZnO encapsulation. This indicates that the Ag NW film with excellent thermal stability have remarkably 
high potential for use as electrodes in film heaters operating at high temperatures.
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Fig. 1. SEM images of Ag NWs; (a), (b), and (c) spin-coated 
on glass substrates at 1,000, 3,000, 5,000 rpm, respectively. 
(d), (e), and (f) spin-coated on PEN substrates at 1,000, 3,000, 
5,000 rpm, respectively.
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Fig. 2. Temperature vs. time curves for Ag NW heaters (a) 
spin-coated on glass substrates at 1,000 rpm, (b) 3,000 rpm, 
(c) 5,000 rpm, and (d) at the applied voltage of 12 V.

Fig. 3. Temperature vs. time curves for Ag NW heaters (a) 
spin-coated on PEN substrates at 1,000 rpm, (b) 3,000 rpm, 
(c) 5,000 rpm, and (d) at the applied voltage of 12 V.
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Fig. 4. (a) Change in the temperature and resistance of the Ag 
NW heater during the bending tests and (b) temperature vs. 
time curves for Ag NW heaters as function of bending cycles. 

Fig. 5. Change in the temperature and resistance of the Ag NW
heater (a) without ZnO layer, (b) with ZnO layer, and (c) 
temperature vs. time curves for Ag NW heaters with ZnO layer.
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