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Discrete photonics

Why study physics of discrete systems?

Testbed to test general phenomenology

Richer physics than continuous counterpart
Greater potential for applications



Waveguides in fused silica

A. Szameit et al, Opt. Express 13,10552 (2005).
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Waveguides in fused silica
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AS et al., Opt. Lett. 33, 663 (2008).
AS et al., Appl. Phys. B 82, 507 (2006).



Semiconductor Waveguides

P. Millar, J.S. Aitchson,J.U. Kang, G.I. Stegeman, J. Opt. Soc. Am. B 14,
3224 (1997).
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Photorefractive Waveguides

Light—>releases electrons—>drift=>local E
fields—>electro-optic effect—> distribution of refractive
indices



Coupled-modes theory

Maxwell:
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Teoria de modos acoplados

single modal field
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+V(Cpy1 + Cp1) +7|Cr?Cr =0

Discrete nonlinear Schrodinger (DNLS) equation



Coupled-modes theory

P=3%,1C

Conserved
quantities

H=3 {V(C,C: | +CiCpir) + (7/2)|Cul*}

Cn = Unp exp(iﬁz) Stationary mode
—Bun + (Ups1 + Un—1) + X|Un|*u, =0

Nonlinear eigenvalue equation



Coupled-modes theory

Finding the localized nonlinear mode
—EC, +V(Cpi1+Cr_1) + x|Cn|?Cr, =0
A=E/V, ¢ =+/x/VC,

A+ (g1 + Gn1) + |On|?dn =0

—

F(¢) =0 use Newton-Raphson

Need good seed (anticontinuous limit)
Find many solution families (characterized by power
VS prop.const. curve



Coupled-modes theory

Pure 1D CASE
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Coupled-modes theory

Example:
Graphene ribbon




Coupled-modes theory

Linear stability

Cn(2) = ¢pne” ™ sol. of DNLS
— Equation for d¢, = du,, + 1dv,

define éu = (duq, dug,...,0uy), OU = (dvy.,dva, ...

Anm — 5n,m—i—1 + 5n,m—1 + ()\ + ¢i)5n,m
Bnm — 5n,m—|—1 + 5n,m—1 + ()\ + 3¢721)5n,m

SU +BAST =0 and 5V + AB SV =0

,(SUN)



Coupled-modes theory

{m}=eigenvalues of AB = eigenvalues of BA

instability gain

G* = Max {\/(1/2)(—Re[m] + \/Re[m]2 + Im[m]2)}

G* =0 stable
G* > 0 unstable



Coupled-modes theory

Numerical propagation

Discrete diffraction Discrete soliton formation
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u (0)= D e—ik(n—nc)
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Difraccion discreta

320 W

Soliton discreto

H. Eisenberg at al, PRL 81, 3383 (1998).



Surface Solitons

dz

+ OéEn + (En—l—l + En—l) + 7’En‘2En =0

+aBy + By +9|E1[* By = 0,

n

dz

1

Stationary mode: [, (2) = exp(i8z) Ey,

y=0: En~sin(kn) B=a+2cos(k) k= Nmfl

NO SURFACE MODE



Surface Solitons

o # 0 Use Newton-Raphson + judicious
initial condition (antiadiabatic limit
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Fig. 1. .(Color online) Examples of suﬁ'ace localized modes ig. 2. (Color online) Examples of localized surface modes

at ,8‘=3 in an array of focusing waveguides (y=+1) centered at B=-3 in an array of defocusing waveguides (y=-1) lo-

at distances d of (a) 0, (b) 1, (¢) 2, (d) 3 from the array edge. catolatdistancasd ot a) 0k tb) 1,(0)0. (@) 3 Bomthoariny
edge.



Surface Solitons

site site

Fig. 5. (Color online) Examples of stable flat-topped local-
ized surface modes at B=-4 in the array of defocusing
waveguides (y=-1) centered between various sites near
the edge.
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Fig. 3. (Color online) Normalized power versus propaga-
tion constant B for the surface modes shown in Fig. 1 lo-
cated at distances d=0,1,2,3 from the surface. The dark-
est curve corresponds to the discrete soliton in an infinite
array.



Surface Solitons

Existence and stability: The constraint method

H=-Y (BuBEiyy + EiBng1) — (1/2) Y |Ea]*

X = ZmEnP/Z |En‘2

E =2
(1) Compute an odd mode centered at n. "Obtain all {E,} and power P
(2) Fix amplitude at n+1 to be E,, 11 + €
(3) Solve all NR equations for E,, (m # n+1) keeping power fixed at P, arriving
to intermediate state centered between n and n + 1.
(4) Obtain X and H for intermediate state.
(5) increase € and repeat procedure until amplitudes at sites n and n+1 coincide
(even mode).

Uyg = H(X)

dH/dX=0 Stationary solutions



Surface Solitons
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P < P.: surface is repulsive

even modes unstable



Surface solitons

Fig.2: Theoretical prediction (a, b) and experimental observation (c, d) of nonlinear Tamm states in a truncated photonic lattice.
(a) Schematic of the waveguide array geometry; (b) theoretical profile of a nonlinear Tamm statea surface gap soliton. (c) three-
dimensional representation of the nonlinear surface state observed above the localization threshold. (x,y) are the horizontal and
vertical sample coordinates, respectively. (d) Experimental plane—wave interferogram demonstrating the staggered phase

structure of the nonlinear Tamm state (from M. |. Molina and Y. S. Kivshar, ref [14]).




