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Table 1 Deposition parameters for multilayer configurations of ECD with Al,SiO;N composite ionic conductors
T A S Ar. 0, N, & /(ecm®min ') S JE/Pa e 5 o= /W J= & /nm
WO, W 50/50/0 2.4 DC,270 300
Al,SiO;N AL,SiO; 0/0/70 1.5 RF,150 30/50/70/90/110
LiNbO, LiNbO, 70/0/0 1.5 RF,150 700
NiO, Ni 95/5/0 2.4 DC,190 200
ITO ITO 50/0/0 0.4 DC, 200 90
1.2 HHRIERML
i F XRD \SEM . AFM % ALSIO-N # 5 %) {3 “ 110nm
U5 g 612 TG 9 990 300 4 2 A0E R JH 40 0K % vl Ak 2% e - 20mm
S S FT L4 06 B T 25 W0 T B ol B2 98 N 70 am
PR AT O L D, HE rh AR AR 22 H Ak 2 32 X g A Z |t ‘«  S0am
R e e L | O —
AT L4356 JBE 38 3 X A i 14 375 e 38 8 A ok s ik B M T L
BT St 98 5 1 4 g, C e
2 BR5H® T

2.1 ALSIO;NEFHEMRMLEH

& 1A A JE B ALSION 3 5 i XRD &, M
& 1A LLE 3], A ) S BE ALSIOSN T BRI 52 360 A
S5 TTO JE R AT i 16—, 25 R0, Fr il 5 14
MR AE RS TR IR 454 . R S A TC R B A5 Bk
& Y R T B4 T A IR E B HEST O X
T e 2 B T 7 4548 .

10 20 30 40 50 60 70 80 90
20/(°)

E1 EAEITOWE EREEE ALSION EHEA XRD B

XRD patterns of ALSIO;N films with

varying thicknesses deposited on ITO

glass substrates

Figure 1



FGEHT A ALSIOLN BHAPYJZ J5 5 X 4 [ 25 10 80% (& A 1F BE 1952 ) 285

Kl 2 A R R BE ALSIO.N T (1 SEM 2% i )%
AT VN 3 N VR 1 < 2 1 N
ALSIO;N T [ 9 2 TP SRR 2 A2 17 AR . iy el 7%
25 JEF U B UORL E] ) 4 K ALSIO, IR ) JR
BT, 50 P B AR L Aok AR R T AT T
SN ARG . 3Rl AR Ak R T R D O A
o LT 843 B R IR DT RRAE JL RS T, DT TR B

IR B W S R A, DURR Y D 0 T
Bowsiim, S BOE R BCEYESE . R 5 e
Hh A BE B R Sl g 2 0Nt 2 5 R I A T A R 4
oy o TS I 1] A, TR ) RL T 34 A RE B 2
A M T BRI B8 K T HE , 94 K H 7% 2 (8] 77 78
MAMER, A TEONMBOTREDE TR
,fgiﬁ:lﬁ]o

ITO/AL,SiO,N(30 nm)

ITO/ALSiO,N(50 nm)
| e

(a)—30nm;(b)—50 nm;(c)—70 nm;(d)—90 nm;(e)—110 nm,
B2 AEEEALSIONERKNSEMKXEmRE @R
Figure 2 SEM surface and cross-sectional morphologies of Al,SiO;N films with different thicknesses
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(a)—SEM cross-sectional image of a five-layer device without barrier layer; (b)—cross-sectional

topography of an all-solid-state electrochromic device with a thickness of 90 nm Al,SiO;N film as

the barrier layer.
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Figure 4 Cross-sectional morphology of electrochromic devices with ITO/WQO,/LiNbO,/
NiO,/ITO and ITO/WO,/Al,SiO;N/LiNbO,/Al,SiO;N/NiO,/ITO structures
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Figure 5 CV curves and charge transfer amounts of all-solid-state electrochromic devices with
AlL,SiOsN blocking layers of different thicknesses under a voltage of —2—2 V
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thicknesses of Al,SiOsN barrier layers under continuous application of —2 V to 2 V
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Figure8 Fading and coloring response time of the all-solid—state electrochromic devices with different thickne-
sses of Al,SiOsN barrier layer
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Figure 9 1 000-cycle curves of an all-solid-state electrochromic device with Al,SiO;N barrier layer ion conductor
of different thicknesses
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Impact of Al,SiO;N Barrier Layer Thickness on Performance of
All-Solid-State Electrochromic Devices

WANG Xiaomeng"?,SU Yifan’, ZHANG Cheng”, TANG Peng”, LIN Songsheng®, FU Zhiqiang', SHI Qian”
(1. School of Engineering and Technology, China University of Geosciences (Beijing) , Beijing 100083, China; 2. In-
stitute of New Materials, Guangdong Academy of Sciences/Guangdong Provincial Key Laboratory of Modern Surface
Engineering Technology/Guangdong-Hong Kong Joint Laboratory of Modern Surface Engineering Technology,
Guangzhou 510650, China)

Abstract: To address the leakage issues in LiINbO; electrolyte layer of all-solid-state electrochromic devices, ALSIO;N was
used as a barrier layer due to its dielectric properties, aiming to enhance the overall device performance. Utilizing the
magnetron sputtering method, an electronic barrier layer was incorporated into traditional solid-state devices, resulting in the
fabrication of ITO/WO,/A1SiO;N/LiNbO,/ALSiO;N/NiO,/ITO structures. This study investigates the impact of Al,SiO;N
barrier layer thickness on the photoelectric performance and underlying mechanisms of the devices. The microstructure and
surface morphology of the films were characterized using XRD, SEM and AFM, while electrochromic properties were
evaluated through cyclic voltammetry and UV-VIS spectroscopy. Results indicate that as the deposition time increases, the
ALSIO;N film becomes thicker and denser, with nanoclusters becoming more uniform and adopting a small-island structure.
The introduction of barrier layer significantly mitigates leakage currents within the device. Specifically, when the thickness of
the ALSiO;N layer is 90 nm, the current density of the all-solid-state electrochromic device decreases from 300. 83 pA-cm ™’
(without the barrier layer) to 15.70 pA-cm™?. This reduction is attributed to the minimized gaps between nanoclusters in the
ALSIO;N layer, facilitating ion transport during coloring and fading processes. In conclusion, the optimized all-solid
electrochromic device exhibits a maximum optical modulation rate of 52.31%, a coloring time of 9 s, a decolorization time is

4 s, and a maximum coloring efficiency of 60.67 cm?*C™!

. The addition of the Al,SiO;N barrier layer effectively enhances the
photoelectric performance of the device.
Keywords: all-solid electrochromism; devices; barrier layer; LiNbO,; current leakage; ALSiO;N; AI’"/Li" ; photoelectric

performance
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