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Fig. 1. (a)—(c) Schematic diagram, eigenvalue spectrum, and transfer efficiency of a second-order PT-symmetric system; (d)—(f) sim-

ilar to panels (a)—(c), but for third-order PT-symmetric system.
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Fig. 2. Domino WPT composed of the coil resonators: (a) Domino WPT schematic diagram, including source coil, resonant coil ar-

ray, and load coil; (b) application of Domino WPT, from left to right are robotic arm, insulator string, and smart desk, respectively.
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Fig. 3. Experimental demonstration of the TWPT system: (a) Schematic of the SSH chain, each unit cell (black dashed box) is
composed of two coils with opposite winding directions (marked with red and blue arrows); (b) band structure of unit cells com-
posed of same/opposite winding directions; (c¢) measured efficiency versus both frequency and w/v , the white dashed line indicates
w/v =1, separating the topologically trivial and nontrivial phase; (d) measured efficiency versus w/v at a fixed working fre-
quency; (e)—(h) measured transmission for the same situation with the disorder strength d = 1.5 cm/2.5 cm in TWPT system (e),
(g) and conventional domino-form WPT system (f), (h).
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Fig. 4. Topological edge mode and topological interface mode of the dimer chains to realize the effective third-order PT-symmetric
system and then realize robust WPTI%): (a) Schematic diagram of the model for using a dimer chain with topological defects con-
structed by resonant coils for long-range WPT; (b) eigenvalues spectra of the dimer chains with topological defects; (c¢) LDOS of
three coupled topological modes; (d) eigenfrequencies of topological WPT system with effective third-order PT symmetry; (e) meas-
ured reflection spectrum of the topological dimer chain with effective third-order PT symmetry under working and standby states;
(), (g) experimental demonstration by using LED lamps of WPT system with effective third-order PT symmetry at working state
and standby state.
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Fig. 5. WPT system based on large-area topological defect states!®): (a) Coupling distribution of large-area topological defect states;
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(b) schematic diagram of topological defect states expanding into large-area topological defect states; (c) real part of the eigenval-
ues spectra, with arrows indicating the zero-energy modes corresponding to large-area topological defect states; (d) theoretically cal-
culated LDOS for large-area topological defect states; (e) experimentally measured LDOS for large-area topological defect states;
(f) LDOS and IPR under different coupling strength ratios; (g) experimental demonstration of WPT by using LED lamps.
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Fig. 6. Application of GDOA in topological WPT realized by coupled chainl™: (a) Conceptual diagram illustrating the integration
of the GDOA with long-range WPT; (b) evolution of transmission efficiency and coupling distribution after 20, 2000, and
200000 training steps; (c) flowchart of machine learning based GDOA; (d) gradient optimization results for different numbers of res-
onator units; (e) gradient optimization results for different target frequencies; (f) distribution of coupling strength with respect to
the position of resonant coils, with red bars representing the gradient optimized chain and blue bars representing the SSH chain;
(g) distribution of wave functions; (h) transmission of the three chains varies with the intensity of disorder disturbance, the meas-

ured results are marked by the dots.
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Fig. 7. Topological Harper model and the asymmetric edge states™: (a) Schematic of a Harper chain with 16 resonators; (b) projec-
ted band structure of the finite-size Harper chain as a function of the topological parameter ¢, different color lines indicate different
chain lengths, the edge states exist in the two bandgaps, in each bandgap, the solid line represents the edge state independent of the
chain lengths, the winding number for each bandgap is indicated; (c) the eigenvalues spectra of the Harper chain in panel (a);
(d)—(g) normalized intensity distributions of different edge states (E1-E4).

1 S S b o IR R A S S R —
AN P AR AR AT R, DLBUE IR
2R R R i A BT R R MU A1 2
(] i 2 . IR BT R BE A Mi v J Fr) AR A 5E
R, DARHI & B BE AR B 8 A2 L O R TER 9(c)
g . X PTRRE P T BOL VR, (01 R GLRERS
TERSSE AARRS RIS B Ve (20 A slit i 7t
&), Mg g BE R LT . P 9(d) M T E

shE il m WPT i : s e & 5. & 9(e) JB/R T
E GRS, HMEHEE U= 4V, &

RN 38.4 MHz, I} g B8 G 18] 1% i 51
Harper 5% /%75 3, 22 ) A& %k LLEE R (St — Sk)/
(S + Sr)|= 0.6. 2&TM0, HAMBHEE U= 0V K,
[ TAEMIAAT N 38.4 MHz, I SERTAY 2230 5t
AW RATIIRE, Re s R Z i £ Harper £ 1
A, G2 AL L R 0.93. K, £ T 32 8hiH

010701-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol.75,No.1(2026) 010701

(a)0.16 (b) 0.6 (c)
PR ) " . s oA s 0.8 Left edge state
VY SO R L ST 0.5 '
’ i A o : Left edge state
| | \ [ [ |
0.12F:\ ! I \ ?: ! [ :‘ ! | .'? . 0.4+ Right edge state 0.4
A A 0
PO S A A A A A A T A a ) o
€ 0L0F® v b Q 0.3} ! 2 0=
',l ! vl ! ‘: vl v ! ' ! ‘: 1 A ! 3 08 | Right edge state
0.08 f ;:;:::‘.‘:;,",.‘;.'.l.': 0.2
1 i ] I 1 [
o [ Vo Yo
oosf &t U U U UG 0.1} 0-4r
. e VvV v @
0.04 1 1 1 1 1 1 1 1 0 0 E
1 3 5 7 9 11 13 15 40 45 50 55 6.0 6.5 7.0 2 4 6 8 10 12 14 16
N Frequency/MHz Site number
(d) 4 (e) ()

w

Energy transmission from the
left edge state
=«

Energy transmission from the
right edge state
) ey

Excitation source

Excitation source

Transmission ratio
o

5.1 5.2 5.3 5.4 5.5 5.6
Frequency/MHz

B8  Harper $#i FMiE il X FR L A28 T& M i WPTEY () 36 T 3R £k 18 4 3 1Y Harper 55 1 T % 1 WPT AU RS & 58 J%
43775 (b) Harper #1 #M5E 9 DOS; (c) Harper #i FME JE X5 #) 1 4 19 LDOS; (d) &2 WAL §i i RCR RT3 R AL (e), () ADAS A
RS LED AT 7R S0 5

Fig. 8. Asymmetric topological edge state in topological Harper chain for robust directional WPT®: (a) Coupling strength distribu-
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(¢) LDOS spectrum of asymmetric edge states in the topological Harper chain; (d) efficiency enhancement ratio for directional

transmission; (), (f) experimental demonstration of LED lamps using the left edge state and right edge state.
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Fig. 9. Active control of robust directional WPTE: (a) Photograph of a resonant coil sample utilizing a VCD; (b) equivalent cir-

cuit diagram of the actively controlled resonant coil; (¢) modulation of resonant frequency and coupling strength achieved through

external voltage application and adjustment of inter-coil spacing; (d) experimental setup demonstrating directional WPT using

asymmetric edge states in a Harper chain; (e) modulation of long-range directional WPT using external voltage.
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Fig. 10. High-order topological corner states in a robust multi-load WPT system®: (a)-(c) Schematic of a two-layer lattice of 2D
photonic SSH model, in which the atoms located on the top (bottom) layer are represented by orange (indigo), in a unit cell (gray
dashed square), the atoms are labelled as A, B, C, and D, red, blue and indigo lines represent intracell coupling p and intercell
coupling ¢, and next-nearest-neighbor coupling u, respectively. Among them, (a) trivial phase; (b) critical phase; (c) topological
phase; (d) band structure; (e¢) IPR of different modes in a finite structure; (f) schematic diagram of the experimental setup; (g) ex-
perimental observation of symmetric topological corner states; (h) robustness verification of symmetric topological corner states; (i)
experimental observation of asymmetric topological corner states.
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Abstract

Magnetic resonance wireless power transfer (WPT) has gradually become a popular research topic of near-
field regulation in recent years, with wide applications in the fields of mobile phones, implantable medical
devices, electric vehicles, and many other fields. However, several challenges remain to be addressed: near-field
coupling, which induces multiple frequency splits and prevents the system from maintaining a fixed operating
frequency; coupled arrays, which are susceptible to structural errors and parameter perturbations; current
research, which primarily focuses on single-load transmission and has resulted in undeveloped multi-load
transmission systems; the direction of transmission, which is difficult to control flexibly. In recent years,
photonic artificial microstructures have provided a flexible platform for studying topological physics, arousing
significant research interest in their fundamental topological characteristics. The most prominent features of
topological structures are their nonzero topological invariant and the robust edge states determined by the bulk-
edge correspondence: these features can overcome disturbances caused by defects and disorders. Moreover, by
modulating the wave function distribution of topological states, energy can be precisely localized, enabling
directional WPT. Therefore, implementing topological modes in WPT systems are of significant scientific
importance.

This review summarizes recent researches on topological models for robust WPT, which are divided into
three main parts. The first part introduces one-dimensional periodic topological structures, focusing primarily on
the significant improvements in transmission efficiency and robustness achieved by utilizing topological edge
states in the Su-Schrieffer-Heeger (SSH) model for WPT. Moreover, a composite chain formed by two SSH
chains is constructed to realize a higher-order parity-time (PT) symmetric topological model. This approach
solves the frequency splitting caused by coupled edge states and exhibits lower power losses in standby mode.
The second part discusses several types of aperiodic one-dimensional topological chains. By introducing
topological defect states at the interface between two different dimer chains, robust multi-load WPT is
achieved. Furthermore, based on the integration of artificial intelligence algorithms, the SSH-like topological
model enables more efficient and robust WPT than traditional SSH model. The asymmetric edge states in
quasi-periodic Harper chain provide a solution for directional transmission in WPT applications. By introducing

nonlinear circuits, this model enables active control of the transfer direction. The third part presents the
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application of high-order topological corner states in multi-load robust WPT, demonstrating the selective

excitation of both symmetric and asymmetric corner modes.

Finally, the application prospects of topological modes in WPT systems are discussed. With the
development of new physics, the integration of non-Hermitian physics and topological physics holds great
promise for achieving simultaneous energy-information transfer, and is expected to achieve compatible WPT,

wireless communication, and wireless sensing within a single system. Such a fusion technology will provide

breakthroughs in efficiency, robustness, and multifunctionality for next-generation wireless systems.
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