§40% 4510 M RS RTZIN Vol. 40 No. 10
2025 4E 10 A Chinese Journal of Liquid Crystals and Displays Oct. 2025

XEHS:1007-2780(2025)10-1423-17
BRRIAXEAARERKFLLIFTRDH

REs'E B8 #7
(LhkmARZE MHBHEETRZR, L3¢ 100871;
2. L EBAEBR L AFE, L 1001765
3. REAF HHMFEIRZER, XR# 300350)

FEE A YA R IR AR AL 5O IR A Be AL R R AW IR T SR L R R A e R AR B RE AR B S AR Y
BB AR B F I, UTAEN, F T B o i Ry VR B A K B R R B R R B AR D R L i 3 A g i
Bt G F B E A Mg v R OGRS i R MR R . I BOR SE T e e A O R B, TE BT AR TR AR
B RE AR T BE A S S AT T R A 2R T A R 2 R AR M N S . 3 e 22 S A P ] R A LA 9
IR G ] S I RS AR Y e | L3S G HVE B R AHLAE BT AR O B Sk R R AL O S . AR SCR G
T ERIDCEAM 5 A PR SRR G W UK S (PDLC) LSV (5 (EC) & KL (SPD) B KOH X% 1)
YR i (DLC) P 2877 %8, MR OGO L i Ak 2 Db B ) A2 b 0l 4 A% 0o IR P LR it 38 OC S e A Ak 7 ), o 25
AR ECPE AR B T 2T RR NG . A5 AR 2 H 5 AN R R ) s A RO IE Bk S D AR AE U . Xk
AR PR T AP e Pk bR o Ak A5 2L P Pk A, O Jre SR80 e Ak b Im) 5 A 2 Ak ) 3 4, A i AU P 2 100k R RE 4
X # WAABEAEARRE; ;8 ALK

FESFEE . TB34; TN141.9 X#EARIZEG A  doi:10.37188/CJLCD.2025-0167 CSTR:32172.14.CJL.CD.2025-0167

Research progress and industrialization analysis of smart
dimming technology

ZHAO Haiyan'?, WANG Ling”", YANG Huai'

(1. School of Material Science and Engineering, Peking University, Beijing 100871, China;
2. Beijing Polytechnic University, Beijing 100176, China;
3. School of Material Science and Engineering, Tianjin University, Tianjin 300350, China)

Abstract: Amid growing demands for energy efficiency optimization and intelligent light regulation, the
development of smart dimming technologies featuring high response speed, low energy consumption, and
scalable manufacturing integration is imperative. Recent advancements in electrochromic (EC), responsive
liquid crystals, and nanomaterial-mediated dimming systems have accelerated innovation. By integrating
stimuli-responsive functional units with optical substrates, smart material systems capable of actively

modulating light transmittance have been engineered. These technologies overcome the limitations of
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conventional static shading, demonstrating transformative potential in emerging fields such as smart
cockpits for new energy vehicles, dynamic facades for energy-efficient buildings, and flexible displays for
wearable electronics. Leveraging multi-physics coupling mechanisms (e.g., electric/thermal fields) , dimming
systems achieve millisecond-scale transmittance switching, adaptive photothermal management, and
human-machine interaction, thereby underpinning smart cities and green technology initiatives. This
review systematically examines the evolutionary principles and industrial pathways of mainstream dimming
technologies, focusing on four key approaches: polymer-dispersed liquid crystal (PDLC), electrochromic
(EC) , suspended particle device (SPD), and dye-doped liquid crystal (DLC). It elucidates their core
regulatory mechanisms—including light scattering, electrochemical reactions, particle orientation, and
dye-mediated absorption. It synthesizes performance optimization strategies spanning material modification,
structural design, and process innovation. The analysis further evaluates the adaptive capabilities of these
technologies for dynamic dimming and functional expansion across emerging applications. Critical challenges
in industrialization, such as durability, compatibility, and standardization gaps, are assessed, while outlining

future trends toward intelligent synergy and eco-conscious manufacturing. This framework aims to guide

cross-domain deployment of advanced dimming solutions.
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Fig. 11 Application case of dimming products in the field

of transportation
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Fig. 13 Application case of dimming products in the field

of consumer electronics
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