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Improved Thermal Stability of Ag Nanowire Heaters with ZnO Layer
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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.

slElo] HooNE 59
s Uehdth o2 Edl £UF ANTS A 2
teotolo] WE s|Eo] Q7lste Aol whel W

olstaict. 1,000, 3,000,

Ho
o fo
L
b
o
-
Q
10
g
1
N
iy

22 3lg9) wdo| ol o)

07 10] SEM olulAlolA Eeldt AAY AnaY 4
w7} meld 2 etolo]
1 e theetolo] A30) vixge
FHAol A slEjo] wasro] AHx|A et
e Uotolo] AT AR Al Lhiegt
45 532 SN slEo] WA Hro)

i)

2

1o

[ >

H
_'_‘I‘JJFH

ol

—_
L

~
—~
=
~

——7V 785 80 ——7V
o 80{—— = —
o 10V 8 -
o 4
5 60 5 60
o | e
o [
Q 2 4
g 40 g 40
2 e
20 20
0 100 200 300 400 0 100 200 300 400
Time (sec) Time (sec)
© ()]
—~ ——— ~80{—
G 60 v | 8 e,
B —a—12V %
5 47.1 560 61.
§ a0] § 400 5 47.1
e [ _as £ 40
[ P 3
205150 260 360 430 20
0 100 200 300 400
Time (sec) Time (sec)

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.
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Fig. 5. Change in the temperature and resistance of the Ag NW
(b) with ZnO layer, and (c)

temperature vs. time curves for Ag NW heaters with ZnO layer.
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