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Research Progress of Solid-state Thin-film Batteries and Related Interfaces

ZHOU Shuyu, YU Wenhua, SUN Chuang, WU Aimin, HUANG Hao
(School of Materials Science and Engineering, Key Laboratory of Energy Materials and Devices (Liaoning Province), Dalian
University of Technology, Dalian 116024, Liaoning, China)

Abstract: Recent research work of solid-state thin film batteries mainly focus on the construction of electrode/electrolyte
interfaces with a low impedance and the development of solid electrolytes with a high ionic conductivity. In this review, the
structure design and ion transport mechanism of solid-state thin film battery were introduced. The research progress of anode film,
cathode film and solid electrolyte film were represented. In addition, some problems of electrode/electrolyte interfaces and their
improvement strategies were also summarized.
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(b) Solid-state thin-film battery with vertical structure
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kAl LLTO B b2 bERE, % 1 5125 T 0k
TE ] LLTO Bl ik LELME HARRE S K
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Table 1 Comparison of properties of LLTO solid electrolyte prepared by different methods

Preparation method Process condition

Technical characteristics d/nm o/(S-em™)

Magnetron sputteringml Power: 80 W; Pressure: 1 Pa (70% Ar+30% O, in
volume fraction); 300 ‘C annealed

Sol—gel method*!! Mole ratio n(La(OPr');):n(Li):n(Ti(OPr'),):
n(C,He0,):n(H,0)=0.5:0.5:1.0:35.0:2.0;
Temperature: 600~1300 ‘C

Pulsed laser deposition

(PLD)¥ NdGaOs (110)

E-beam evaporation[m Pressure: 7x10>Pa [/(O,)/V(Ar)=1:2)]; Power: 600 W;

Heat treatment at 100 'C
Atomic layer deposition ~ Temperature: 225 C; Substrate: Si (100)
(ALD)*

Frequency: 10 Hz; Power density: 2 J/cm?; Substrate:

Wide selection of substrates; Good film-based adhesion; 165 5.25x107°
Easy to operate but low target utilization

Low preparation temperature; Uniform product 800 10107
composition; High purity, but difficult to control

Good component retention; High deposition rate; 120 6.70x107*
High purity but difficult to deposit in large area

High deposition rate; High film purity but expensive 1500 1.80x107
equipment

Film with high uniformity; Accurate film thickness 200 2.00x10°*

control but low deposition rate

d is film thickness; o ion conductivity at room temperature.
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LLZO i S AY (1) de R AL HAAE T B AR T B
B, H KT BTSSR
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1 ¢
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TAETE AT DA IG ft S 3 ) B0% LLZO . (1
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SG: Sol-gel; PLD: Pulsed laser deposition; CVD: Chemical vapor
deposition; RFMS: Radio frequency magnetron sputtering; AD: Aerosol
deposition; FS-TC: Flame spray-+tape casting.
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Fig. 11 Ionic conductivity vs. temperature of LLZO films
prepared by different methods™®!
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Fig. 12 Interface between lithium anode and solid electrolyte
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Fig. 13 Three types of intermediate layers for the ideal interface of lithium metal/garnet®®
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Fig. 16 Four modification strategies for the interface between cathode and solid electrolyte
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