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Fig. 1. Typical examples of flatband lattices: (a) Quasi-one-dimensional (1D) rhombic lattice; (b)

Lieb lattice; (c) Kagome lattice; (d) super-honeycomb lattice (SHCL). CLSs are depicted as colored

sites, where zero amplitudes are denoted by gray color, and those with non-zero amplitudes of

opposite phase are denoted by red and blue colors.
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Fig. 2. Examples of photonic flatband structures: (a) Kagome lattice for terahertz spoof plasmons,

displaying an omnidirectional minimum in the transmission at the flatband frequency (dashed line)
in bottom panel®; (b) Experimental setup exposing the zero-refractive-index all-dielectric

metamaterials with a square lattice to realize cloaking inside a channel with the Dirac point, and
5



the bottom panel shows corresponding three-dimensional dispersion surfaces consisting of a Dirc
cone and a flatband®”; (c) Structured microcavity forming a 1D stub lattice and its

photoluminescence spectrum, revealing a flatband in the middlef®4.
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Fig. 3. Examples of femtosecond laser-writing flatband photonic lattices: (a) A photonic Lieb
lattice for demonstration of flatband compact localized states!®®°: (b) a photonic Kagome lattice

established for demonstration of topological corner states!®®l; (c) a driven photonic rhombic lattice

for experimental observation of Aharonov-Bohm cages!®’ ¢!,
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Fig. 4. Examples of photonic lattices created by multiple-beam optical induction method®%#3: (Top
panel) Schematic of experimental setup. PBS, polarized beam splitter; SBN, strontium barium
niobite. (Bottom panel) Typical examples of photonic lattices realized in experiment. (a) A
“perfect” honeycomb lattice; (b) an inversion-symmetry-breaking honeycomb lattice; (c) a vortex

lattice; (d) a Kagome lattice.
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Fig. 5. Examples of photonic lattices created by direct cw-laser-writing technique in a nonlinear

bulk crystal: (Top panel) Illustration of experimental setup. SLM, spatial light modulator; BS,
beam splitter; FM, Fourier mask; (Bottom panel) Typical examples of photonic lattices created by
direct cw-laser-writing method. (a) A photonic Lieb lattice with “bearded” edges®; (b) a photonic
Kagome lattice with flat boundary®?; (c) a photonic sSHCLP®Y: (d) a driven photonic rhombic

lattice with refractive index gradient parallel to the ribbon®2],
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Fig. 6. Experimental results of CLSs in flatband lattices: (a) linear image (formed by CLSs)
propagation through an optically induced Lieb photonic lattice®: (b) a bound-state transmission in
a Kagome photonic lattice**¥; (c) observation of a quincunx-shaped (U=2) compact localized state
which spans over two-unit cells in a photonic rhombic latticel®?l. From left to right: shown are the

lattices, calculated band structures in the tight-binding approximation, probe beam inputs, and their

in-phase and out-of-phase outputs.
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IR RS, KRR () A FEEARE SR (b1), (e1) SIS HHRIIE:
(b2), (e2) itk HI%IHY: (03), (e3) A AAKIS IS (b4), (ed) HFH S 1& M HUE L
LR Bl (cL)-(c4)sE 4 Xt I (b1)-(b4), (HIERIME FIAHAL A SIS O ZE R s &I (FL)-(F4) RS 2
(e1)-(e4), (HAHRMDIEFRIFHALNG LS R (b5), (c5)NXFRi(b3), (c3)MT k = (MR, MELk
RE RS —A M X 5 (e5) Fxd i T El(e3) k AR & A, K BERIERRE — 55
A PR X A

Fig. 7. Demonstration of unconventional line state in photonic Lieb and super-honeycomb
lattices[®°: (a), (d) Schematic of flatband line states in infinite lattices, and insect in (d) shows the
band structure of sHCL; (bl1), (el) out-of-phase input line beam; (b2) , (e2) out-of-phase output
without the lattice; (b3) , (e3) out-of-phase output through the lattice; (b4), (e4) simulation results
showing the out-of-phase line beam remains intact but the in-phase line deteriorates after
propagating a long distance through the lattice; (b5) measured k-space spectrum of (b3) with a
dashed square marking the first Brillouin zone (BZ); (c1)-(c5) the same as in (b1)-(b5), and
(f1)-(f4) the same as in (el)-(e4) except that the line beam is in in-phase excitation condition; (e5)

momentum space spectrum of (e3), where the white dashed lines outline the first and second BZs.

JEN £, ARG S A T IEBR A i - AE SR 56 B A AN T RESEELN,
DR I~ S 22 (B S A B2 1 DU, AR SEERAT T T R A e dlok 78 A I
AR RS W] DAFEAE T HAREIRIL 5 1A BR A s ), RBUO RO T 5
2 AR ST HL 2 P SUAR T AR I 26 AF. 2018 4, Xia S5 NIl IESEHOL
BHSEORBIE T Lieb J67 fk F 8 AL SRR IE 11X A A0 AR ),
Wl 7 (@) P, Lieb 67 dids 55 R A AR A 2 (82 e PEARST K) 9F HANE
JR5E LA, IR AR RS2 54 REf AT, Lieb #ikg
Xof LR AE — AN J7 A R JE (P 4R TEAS. AR, BRI HESHOE S A7
Fy 7 R AZUIRIA S Lieb Jor ks (5 (a)) . Bl R 1 24 m ety &
HEA SARBLEH RIS AN B RAR P (B 7 (b)) . BOH SR AAAERS, 480
JEEA AR T EATE (L7 (02)) . A ERIET, NG E R A AR
T F R R AS P AR AT SN (B 7 (b3)) . PR EL, R AN RIS 2y
FIFAOZIE G, AT LR B WA T AR D R BN B AT B0 (B 7 (e3)),
HIRE AL & RSB b, HEERE, RS GG BA SR

P RE R A, SARALI, A R R A e AT KX (B 7 (05)), % siffl
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6 Carbino-Kagome SatEHRATIELEIAAS

FEA PR JE IR Lieb 520 5 fdg b, B2 51 S5 HRCIR AR # R 383 7T L
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Kl 8 (a) Kagome fnt& HH AT AT I B A /R B Kl (b) BALGIR Kagome i PN AVAT e
FEINTEA MBI (c) £~ FIFIL S Kagome finks H I p AR & I~F 7 12 7 R s, A o £
EREMA —, SEELNAFESN; (d) Corbino-Kagome FEinEE, s ARMFCEA
T PR R 25 (e) MEEA (e1), (e2) MLAMIR— A SM L4yt 50 I8 Mol
Ri (€3), (ed) LF B I S Az S XS REEE AU R (F1) SEI0H] 4 1)
Corbino-Kagome Y& gmt%; (F2), (£3)SseABAr Bk AN AT s 4 308 25 B FLX o7 BB AR AU &5
(f4) 40 mm FEHIIN B BLAS R o S AR TR A0 R BER T F
7 JR IR L)

Fig. 8. (a) lllustration of the'NLSs in an infinitely extended Kagome lattice; (b) a torus showing
two NLSs mimicking the 2D.infinite lattice; (c) two Robust Boundary Modes (RBMSs) in a
Kagome lattice with flat cutting edges, where black sites are of zero-amplitude, while blue and red
ones distinguish non-zero sites with opposite phase; (d) Schematic diagram of the Corbino-shaped
Kagome lattice, where the NLS is illustrated by the orange circle; (e) from left to right (el), (e3)
experimental results of RBM1 and RBM2 under out-of-phase condition; (e2), (e4) simulation
result corresponding to (el) and (e3); (f1) experimentally established finite-sized Kagome lattice in
a Corbino-geometry; (f2)-(f4) the NLS observed in (f2) experiment and simulations after
propagation to (f3) 10 mm and (f4) 40 mm under out-of-phase condition; All insets are from input

ring necklace of the probe beam. In-phase excitation destroys all localized states.!*"!

EHHRETN— K 8 (a) 5 (b) R LRAMIN Kagome gt B B34
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Novel phenomena in flatband photonic structures:

From localized states to real-space topology
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Abstract

In recent years, flatband systems have attracted considerable interest in
different branches of. physics, from condensed-matter physics to
engineered flatband structures such as in ultracold atoms, various
metamaterials, electronic materials, and photonic waveguide arrays.
Flatband localization, as an important phenomenon in solid state physics,
is of broad interest in exploration of many fundamental physics of
many-body systems. We present a brief overview of recent experimental
advances of light localization in engineered flatband lattices, with
emphasis on the optical induction technique of various photonic lattices
and unconventional flatband states. The photonic lattices, established by
various optical induction techniques, include quasi-one-dimensional

diamond lattices and two-dimensional super-honeycomb, Lieb and
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Kagome lattices. Nontrivial flatband line states, independent from linear
superpositions of conventional compact localized states, are demonstrated
in photonic Lieb and super-honeycomb lattices, and they can be
considered as an indirect illustration of the non-contractible loop states.
Furthermore, we discuss alternative approaches to directly observe the
non-contractible loop states in photonic Kagome lattices. These robust
loop states are direct manifestation of real-space topology in such flatband
systems. While this review is not intended to be a comprehensive account
of the vast flatband literature, but rather a brief review of relevant work
with photonic lattices mainly from our group, we hope the concept and
techniques presented can be further. explored and developed for
subsequent applications in other structured photonic media such as
photonic crystals, metamaterials, and other synthetic nanophotonic
materials.
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