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Abstract

This study employed the chemical bath deposition method to fabricate nickel oxide thin films on FTO
conductive glass substrates. By controlling the deposition time (8~14 minutes), the influence of dep-
osition duration on the electrochromic properties of nickel oxide films was systematically investigated.
Experimental results demonstrate that the nickel oxide (NiO) film deposited for 10 minutes exhibits
superior electrochromic performance, characterized by high optical contrast (68.7% at 532 nm), ex-
cellent coloration efficiency (52.6 cm?/C), rapid response time (coloration time of 1.6 s and bleaching
time of 2.8 s), and low charge transfer resistance (20.58 Q), representing optimal electrochromic prop-
erties among all deposition time samples. Subsequently, with the deposition time fixed at 10 minutes,
the annealing temperature was varied. Experimental findings reveal that the NiO film annealed at
350°C demonstrates the highest electrochromic activity, although its optical contrast decreases by
36.2% after 2000 cycles. In contrast, the NiO film annealed at 550°C shows slightly reduced electro-
chromic activity but maintains better cycling stability, with only a 17.3% decrease in optical contrast
after 2000 cycles.
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Figure 1. The process of chemical bath deposition experiment
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Figure 2. XRD pattern of the NiO powder sample
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Figure 3. At different deposition times: (a) Cyclic voltammetry curves at a scan rate of 50 mV/s; (b) Relationship between 1,
and v'2 from the CV curves of nickel oxide thin films; (c) CP curves at a current density of 0.14 mA-cm™
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Figure 4. Post-fitting impedance curves for ZView: (a) NiO-8 min; (b) NiO-10 min; (¢) NiO-12 min; (d) NiO-14 min
4. ZView & FHIMRITHALZE: (a) NiO-8 min; (b)NiO-10 min; (c) NiO-12 min; (d) NiO-14 min

Table 1. EIS data obtained by fitting software ZView for NiO thin film samples under different deposition times
= 1. FREIFRRSE T HY NiO SERFRIBE &MY ZView THEIGSZIRY EIS #iE

DURRT[A] Rs/Q Rer/Q
8 min 8.217 27.83
10 min 3.945 20.58
12 min 4.459 29.73
14 min 5.715 24.97

W1 5, 532 nm Ak NiO-8 min. NiO-10 min. NiO-12 min. NiO-14 min 785 1)/t 2 38 H1 08 23 5
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TEHEAL S S 5 RN, OB B T3 BRI K & B RO S5 M (I S FLER . SRR T B R )
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FHUUR T RE A, B SRR T KOG ITRIRE 71, REUE TR KR R mAERGSE, B
B0t A R O g e RS, P I 11 3 e 2R A DR R ON B 7 e PR TR B B KA, AT
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Figure 5. Optical modulation amplitude spectra: (a) NiO-8 min; (b) NiO-10 min; (c) NiO-12 min; (d) NiO-14 min
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Figure 6. Time-current curves: (a)~(c) NiO-8 min; (d)~(f) NiO-10 min; (g)~(i) NiO-12 min; (j)~(1) NiO-14 min
& 6. THETEREZ: (a)~(c) NiO-8 min; (d)~(f) NiO-10 min; (g)~(i) NiO-12 min; (j)~(1) NiO-14 min
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Figure 7. Coloration efficiency spectra: (a) NiO-8 min; (b) NiO-10 min; (c¢) NiO-12 min; (d) NiO-14 min
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Figure 9. At different annealing temperatures: (a) Cyclic voltammetry curves at a scan rate of 50 mV/s; (b) Relationship between
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Figure 10. Post-fitting impedance curves for ZView: (a) NiO at 350°C; (b) NiO at 450°C; (c) NiO at 550°C
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Table 2. EIS data obtained by fitting software ZView for NiO thin film samples under different annealing temperatures
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Figure 11. Time-current curves: (a) NiO at 350°C; (b) NiO at 450°C; (c) NiO at 550°C
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