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Nonlinearly induced escape from a defect state in waveguide arrays
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We experimentally investigate the linear and nonlinear optical properties of a nonuniform
waveguide array. By reducing the width of a single waveguide, we decrease its effective index and
induce waveguiding along the defect. Due to the positive nonlinearity, the index difference is
reduced for increasing power levels with the result that the field escapes. Waveguiding is suppressed
by the action of the nonlinearity. €999 American Institute of Physi¢$0003-695099)01136-3

Optical waveguide arrays are regarded as promising caref 1.53 um with a repetition rate of 80 MHz. A schematic
didates for all-optical switching and routing applicatidns. drawing of the experimental setup is shown in Fig. 1. Ex-
The optical properties of waveguide arrays as, i.e., thgeriments were performed for both TE and TM polarized
strength of the transverse power transfer can be convenientlight but no significant differences were observed. In what
controlled through the design of the waveguides and theifs|iows we concentrate on the TE polarization.
separation. Therefore, even weak optical nonlinearities may \ve |aunched a circular beam ofi8n diameter into the

have a considerable effect on the propagation of the fieldgna) waveguide. At low power, light is practically decou-

and, e.g., soliton formation, might be observed at a mOderﬁ)led from the rest of the array due to the phase mismatch
ately lower power level as demonstrated recefitly.

Further it has been predicted that under certain Condipetween the input waveguide and its neighbors. The light

tions the action of nonlinearity can be inverfedh what remains in the vicinity of the array center and only a small

follows we demonstrate that by appropriate design of thé)ortlon leaks out and diffracts away as in homogeneous

1 . .
array, high intensity fields may tend to spread rather thar?rrays' These resu_lts.can. be_seen in Fig)2where a prq-
focus, even in a positive Kerr medium. file of the output distribution is presented. Most of the light

In the case of inhomogeneous arrays the optical fields confined to the three central waveguides and very little
may be locally trapped in a single waveguide with a differentenergy is radiated in two weak lobes. In between, the inten-
propagation constant with respect to the rest of the arraysity is almost zerdwaveguides numbet- 2).

Here we consider an array, in which the defect consists of a When the light intensity was raised, we found a broad-
narrower guide, therefore with a lower effective index. Whenening of the output distribution. The most significant change
a low power optical field is injected into such a defect, nooccurred at thex2 position, where the intensity changed
phase matching occurs with the modes propagating in thffom nearly complete darkness to nearly the highest inten-
nearest guides, and the field is effectively trapped. Howevesity. The output distribution width spreads from approxi-
as the intenSity increases, the effective index of the Confineﬁ-]ate|y two to five Waveguides_ To model the homogenous
mode grows due to the Kerr nonlinearity and finally the fieldgrray (S, =0) as well as the action of the defe@,¢0) we

spreads out to neighboring waveguides. used coupled mode theory
To demonstrate nonlinear defocusing in an inhomoge-

neous array, we used a 3-mm-long array consisting of 41 rib
waveguides. The central waveguide=0), which also rep-
resents the defect, was 2un wide, while the remaining 40
guides o=—-20,....—1,+1,.../+20) had a width of 4um. Variable J
All waveguides were separated by /m. The array was Filter
etched 1.3um on top of an AlGaAs slab waveguide com- ¢ ;090N
posed by a guiding layer of AbGays6AS, 1.5 um thick,

sandwiched between two layers of/AlGa, goAs. These up-
per and lower claddings were 1.5 and 4 thick, respec-
tively. The light source used to perform the measurements Cylindric
consisted of a synchronously pumped optical parametric 0S- Tdlescope

A2
Polarizer w

Aperture

cillator (Spectra Physics Tsunami—Opal Systeganerating Sample 1
pulses of 100—200 fs duration and operating at a wavelength %0@()#—0 Ic'iﬁm

x40 Obj. x25 Obj. B.S. 50/50%
dpermanent address: IFTO, FSU-Jena, Jena, Germany.
YCorresponding author. Electronic mail: morandot@elec.gla.ac.uk FIG. 1. Experimental setup.
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FIG. 2. Experimental results—field profiles at the output facet for TE po-
larization for an array with a defect at the central gui@ low power, (b)
high power(1 kW coupled power

Intensity (normalized)

10 5 0 5 10
Position (waveguide number)
da, D d%a, o

! 9z 2 o2 + 7a”+c(a”*1+a”+l) FIG. 3. Numerical simulations(@ amplitude distribution of the guided
mode,(b) low power field distribution at the output facet of an array without
+ y| an|2an+ i a3|an|4an+ S,=0, a defect,(c) low (thin line) and high powe(1 kW, bold ling field profiles

1) for an array with a defect at the central guide.

- 2
Sh= 6 d Ak+Aylag|?la,+AC[(S8y 0+ SnDan—1 monomode. Similarly to the procedure applied in Ref. 6, an
(8 0F Sy —1)ans1]. analytical expression for the field structure of the guided
’ ' mode can be derived as

Herea,, is the amplitude of each individual waveguide mode, 14 A_C
which evolves along the waveguide direction. In the ho- C )
mogenous array the Kerr nonlinearity amounts 40 An= I do expli B2), )

=5.9m *W™1 while the coupling constant used in Ed) ,
wasC=0.62mm .. Because the photon energy was belowwhere the trgnsversal decay ratend the propagation con-
half the band gap, two-photon absorption was neglectecdt@nt are given by

Both linear (@;=0.9cm 1) as well as three photon absorp- 1
tion (a3=3X%X10"*m W2 were included in the calcula- B=\pt—
tions. However, we observe that a continuous wave approach

can still offer a very good insight into the physics of this and

C

System. Ak Ak 2 AC 2
Although the dispersive effects are weélr Weryhm P=55~ E) +2|1+ ?> -1.
=180fs andD = 1350 pgkm the dispersion length amounts

to 12 mn), we have to take into account that the optical We note that the field amplitude decays exponentially while
power varies continuously along the temporal profile be-oscillating in phased= —2.5). This phase jump between
tween zero and an upper value of about 1 kW. adjacent guides causes an inverted diffraction allowing for a
The defect appears mainly as a reduction of the effectivdound state at a guide with reduced effective index. In fact
index of the corresponding guidak=—1.5XC). Note that we observedsee Fig. 28)] pronounced intensity dips be-
the available peak power levels in our experiment allow fortween guide 0 and its neighbors in the low power case. This
an index increase that is about 6 times higher than this efis a sign of destructive interference due to alternating phases
fective index difference. In addition, the effective nonlinear-of the fields around the central guide. The oscillating field
ity is slightly increased because of the reduced mode diamdistribution of the guided mode makes a perfect excitation
eter (Ay=0.2X y). The coupling of the defect guide to its virtually impossible. Consequently, radiation with an almost
neighborhood appears to be stronger than in the homogenoftlat phase(fields tend to mergeis shed away. The simula-
array, because the corresponding guided mode is less boutidns reveal that the complete absence of power in the second
to the defect guideAC=0.3xC). waveguide (= =*2) is mainly a result of the destructive
For the low power casksee Fig.2a)] a numerical com- interference between guided and radiated power.
parison with the field propagation in an array without a de-  According to Eq.(2) the propagation constant of the
fect reveals that a guided mode was excitsele Figs. &) guided mode g=—2.9XC) is below the continuous spec-
and 3b)]. For the parameters given above, the defect igrum of the array extending from 2C to +2C. Therefore,
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the nonlinearity will increase the propagation constant untilwe observed a bound state in a waveguide array localized on
it is phase matched with the continuous spectrum and the guide with reduced effective index. We demonstrate that
optical field is released from the defect state. considerable portions of the guided power escape from the
Besides the considerable broadening of the field distridefect state due to the action of the nonlinearity. We found a
bution for increased power leve[see Fig. 2b)] the phase power dependent high contrast up switching in one of the
relation between the individual guides has changed considvaveguides. All this was obtained even in the presence of
erably. The dips in the field between the individual guidesdispersion, linear, and nonlinear losses.
observed in the low power case disappeared, indicating that
the strict antiphase relation of the guided mode has vanished. Y- Peschel gratefully acknowledges a grant of the Ger-
Also, the transmission of the second guide has increased Sig].an Research FoundatidDFG). H. S. Eisenberg and Y.
nificantly due to the absence of destructive interference. >llP€rberg would like to acknowledge the Israel Ministry of
All these features can be understood in terms of couple@ciénce and Technology for the financial support to this
mode theory, as the agreement between experimental resuRECIECt. In the U.K. the research was supported by EPSRC.

and simulations revealgompare Figs. 2 and(®]. There is

still a maximum pulse energy concentrated at the defect dut?D \. Chrictodoulid 4R 1 Josenh. Ont. Lat 704(108

0 two effects: he escape from the defect state occurs only ing: . ShSleseuies 19| Jose o e Toare,
the pulse center, but the experimental results average overjgg;).

the entire pulse, including the low power tails. Second, evenfA. B. Aceves, C. De Angelis, T. Peschel, R. Muschall, F. Lederer, S.
a complete neutralization of the defect would not result in an Trillo, and S. Wabnitz, Phys. Rev. &3, 1172(1996.

abrupt spreading of the field. Just as in the case of a homog-?éns'Pﬂsgngirvg’ILtBS'llbgggzr(gl’gF;éMorandom' A Boyd, and J. S. Altchi-

enous array[see Fig. 8)] a significant amount of power sy s kivshar, Opt. Lett18, 7 (1993.
would have remained in the center waveguide. In conclusion®w. Krolikowski and Y. S. Kivshar, J. Opt. Soc. Am. B3, 876 (1998.



