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ELECTRONIC TOPOLOGICAL INSULATORS

Symmetry-protected conducting surface states supported by topological order

Quantum Hall effect
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PHOTONIC TOPOLOGICAL INSULATORS

Weak/strong topological protection determined by
time-reversal symmetry - —
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NON-RECIPROCITY WITH MAGNETIC MATERIALS
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BREAKING RECIPROCITY CONSTRAINTS
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A CIRCULATOR FOR SOUND
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MOLDING THE TOPOLOGY OF THE BAND DIAGRAM

Lattice Unit Cell

A. Khanikaev, R. Fleury, H. Mousavi, and A. Alu, Nat. Comm. 6, 8260 (2015)
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NON-TRIVIAL TOPOLOGY OF THE BAND STRUCTURE

o
0

860/ ' ) e ~ geof T~
o 1 2 e 0 S000038000000000UO0C0UDCCCELE LI L, |
= 840 ] 5 840fTTEIIIIT ’ {1 = 840
z < — S eo—— ..
';,‘, 820+ > 820} =0 et 1 =z Vair =0 ":.__,_-"'
-1 pLIe - . “eao
§ | § goo| Yar=7-5ms ’ el § 800} vy, =10ms et T
o o . = -
8 o - ® 780}
L 780t L 780 - T
R 760t
760F 760 / 4 /
i : 740 .
r K M r K M r K M
Wavenumber k Wavenumber k Wavenumber k
I-0.02 0.16
M 006 0.12
1.0.08
0.1 ‘
0.04
-
I—0.14 0
- 0 n
ka, k.a,

1 2
C=—" [ e0)d’k

7 Foz C ={-1,0,0,1} clockwise
Q(k) =0, A —0 A C ={1,0,0,—1} counterclockwise
A ==i(p[o.|p)

A. Khanikaey, R. Fleury, H. Mousavi, and A. Alu, Nat. Comm. 6, 8260 (2015)

< o o ™ METAMATERIALS & 'l ASMONICS
A. Alu - Topological Electromagnetics CP RESEARCH LABORATORY @




TOPOLOGICAL METAMATERIALS
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TOPOLOGICAL METAMATERIALS
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TOPOLOGICAL METAMATERIALS

Reconfigurable waveguides, broadband isolators...

armchair C ={-1,0,0,1} clockwise
C =4{1,0,0,—1} counterclockwise

A. Khanikaev, R. Fleury, H. Mousavi, and A. Alu, Nat. Comm. 6, 8260 (2015)
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ANGULAR-MOMENTUM-BIAS IN NANOPHOTONICS
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RF MAGNET-LESS INTEGRATED CIRCULATOR

Normalized S-parameters
Normalized S-parameters
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Frequency (MHz) Modulation amplitude (V)
N. A. Estep®, D. L. Sounas®, J. Soric, and A. Alu, Nature Phys., 10, 923 (2014)
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FLOQUET TOPOLOGICAL INSULATORS FOR LIGHT

R. Fleury, A.B. Khanikaev and A. Alu,, Nature Communications, 7, 11744 (2016)
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NON-RECIPROCAL METASURFACES BASED ON ST MODULATION

S
IMatched

! . -
vodin | TRE in

Y. Hadad, J. C. Soric, and A. Alu, PNAS 113, 33471 (2016)
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NON-RECIPROCAL METASURFACES BASED ON ST MODULATION
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Y. Hadad, J. C. Soric,and A. Alu, PNAS 113, 33471 (2016)
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NON-RECIPROCITY BASED ON NON-LINEAR EFFECTS

E
Lorentz reciprocity theorem i=i

ﬂj i EpdV = jU J2 - EqdV Time-invariant materials

Linear materials

Chi-3 non-linearity
LVAVAR o4
e Mgy = 29 |E[

Non-linear medium Non-linear medium

P. Saboo, J. Joseph, Appl. Opt. 52, 8252—-8257 (2013)
L. Fan, et al., Opt. Lett. 38, 1259-1261 (2013)
Y. Shi, Z. Yu, S. Fan, Nature Photon. 9, 388—392 (2015)

A. M. Mahmoud, A. Davoyan, N. Engheta, Nature Comm. 6, 8359 (2015)
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BASIC OPERATION — SINGLE RESONANCE
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EXPERIMENTAL RESULTS AT RF
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NONLINEARITY-INDUCED TOPOLOGICAL TRANSITIONS
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NONLINEARITY-INDUCED TOPOLOGICAL TRANSITIONS
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NONLINEARITY-INDUCED TOPOLOGICAL TRANSITIONS
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PHASE DIAGRAMS AND SOLITONS
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NON-RECIPROCITY IN STATICS
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NON-RECIPROCITY IN STATIC TOPOLOGICAL METAMATERIALS
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TOPOLOGICAL ELECTROMAGNETICS

Magnetic-free, linear nonreciprocity at the Nonlinearity and asymmetry to build
subwavelength scale: angular-momentum biased bias-free isolators and non-reciprocal
meta-atoms devices

Topological protection in momentum-biased Intensity-induced topological protection in
arrays for reconfigurable, broadband isolation nonlinear arrays

and one-way signal transport
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PHASE DIAGRAMS AND SOLITONS

Fast soliton
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EDGE STATES

Limit case of moving solitons with ZERO velocity

c=0
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