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Abstract

To address the impedance mismatch, low energy transfer efficiency, and difficulty in driving large-
area loads encountered when micro/nano generators are used to power liquid crystal smart win-
dows, this study proposes a high-area-ratio self-powered liquid crystal smart window system driven
by a dynamically reconfigurable energy management circuit based on impedance matching. The
system employs an electret nanogenerator (ENG) as the energy input unit and a twisted nematic
(TN) liquid crystal smart window as the optical modulation load. A capacitor-diode-single-switch
management circuit is introduced to dynamically reconfigure the connection states of the sub-ca-
pacitor units, thereby matching the impedance between the power generation unit and the liquid
crystal window load. Experimental results show that, under 1 Hz mechanical excitation, the ENG
achieves a peak output power of 357.98 uW. After modulation by the energy management circuit
containing 35 sub-capacitor units, the transferred charge of the system increases to 4.51 pC. Based
on this impedance matching strategy, an ENG with an effective area of only 25 cm?2 can drive a TN
liquid crystal smart window with an area of 1116 cm?2 within 4 s, corresponding to a driving area
ratio of 1:45. In addition, the smart window exhibits favorable electro-optical modulation perfor-
mance, with a contrast ratio of 669:1, a visible-light modulation of 40.09%, a millisecond-level re-
sponse time, and stable operation during long-term cycling tests. This study effectively overcomes
the area limitation of self-powered smart windows and provides a viable engineering approach for
dynamic daylight control and privacy protection in zero-energy green buildings.
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Figure 1. Structure and circuit schematic of the self-powered TN liquid crystal smart
window system. (a) Transparent state; (b) Dark state; (c) Energy conversion process
of the system; (d) Circuit diagram of the self-powered system; (e) Structure of the
large-area TN smart window
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Figure 2. Working principles of the self-powered liquid crystal smart win-
dow system. (a) Power generation mechanism of the ENG; (b) Charging and
discharging principles of the energy management circuit; (c) Working prin-
ciple of the TN liquid crystal smart window
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Figure 3. Output performance of the ENG with PTFE films of four different thicknesses. (a)
Open-circuit voltage (Voc); (b) Short-circuit current (Zsc)
B 3. MFERE PTFE HET ENG KM ERE. (2) FFEERRIE(Vo); (b) FREEFRIR (L)

ANIE)JEEE PTFE I R B R w15 3(b)Fr7n. ENG HUREER IR 2 IRA Bk i RefE. BE% PTFE

DOI: 10.12677/aepe.2026.143020 196 EEpARST: o heid


https://doi.org/10.12677/aepe.2026.143020

TR

JEEERGIN, AR R e ThE R BRI, B 12.5 pm N 1.56 pA SEI0 2 50 pm I 1) 2.68 pA, BEJSE 100
um NN 1.82 pA . 0TRLE HLIRAR 2015 B I F AL s & 20 1370 1720 206 1 161 nC, H:H1 50 pm
PTFE 50T BRI A% ro A Sy BLOR 100 um FF 5 B T @ T R B, (R R A% # i KT
50 um FEdh, 135K PTRE WK T i #R B JI it — 0T} . SRG 58T RR L . LB IR AR
HL B, A SRSEIGE A S0 pm (AR ENG, JF7E 1 Hz. 2 mm A8 T HEAT S UL BC AN Dh 22 i

3.0 35 - 375
a b |
2.5 A L300
z i :
=201 ! 225 =
% . B
! i
=15 | 150 I
g ! &
1.0 | 75
1
I
0.5 . ' . . . . “ . , |/77 , , , , Lo
0 50 100 150 200 250 300 0 60 120 180 240 300
HIRELE (MQ) HLBELAE (MQ)

Figure 4. Output performance of the ENG under impedance matching. (a) External circuit current; (b)
External circuit power
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Figure 5. Effect of different capacitance values on system performance. (a) Charging voltage;
(b) Voltage and charge of the energy management circuit
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Figure 6. Effect of the number of units on system performance. (a) Charging voltage; (b) Voltage
and charge of the energy management circuit
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Figure 7. Voltage curves of the system under two operating modes at an area ratio of 1:45.
(a) Voltage and transmittance curves; (b) Dark-state operating mode
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Figure 8. Optoelectronic characteristics of the TN smart window. (a) Transmittance;
(b) Response time
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Figure 9. Output performance stability of the ENG over 5000 cycles. (a) Open-
circuit voltage; (b) Transferred charge
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Figure 10. Transmittance variation of the TN liquid
crystal smart window at 555 nm over 1000 cycles
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