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Abstract— A very promising way to overcome the speed limitations of different nonlinear functional components in a very time-saving

electronics is using the ultrafast capabilities of nonlinear optics. In this way in contrast to many numerical programs [1], [2].
domain, light pulses are used to control other light pulses. To reduce the

power requirements, ultrasmall waveguides and resonating structures must

be applied. 1

First, different types of nonlinear interactions were investigated theoret- \ ------- linear \ ; : /
ically to evaluate potential applications and limitations. Afterwards, these c 087 Kerr-nonlinear D
results were verified experimentally using nanophotonic ring resonators -2 06 o/
fabricated in Silicon-on-Insulator, confirming the feasibility of several non- é’ ’ /
linear effects for ultrafast data processing. 2 04 ; 8
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ONLINEAR optics describes a wide variety of effects wavelength (um)

which are dependent on the intensity of the light. Several
of these nonlinear interactions - such as the optical Kerr effé@: 2- Impact of the Kerr effect on the transmission spectrum of a ring res-
. . onator. In the nonlinear regime, the resonance wavelength changes and the

and two-photon absorption - have very short response times (Or'spectrum becomes asymmetrical, giving rise to new effects like optical bista-
der fs). This makes them very appropriate for high bit-rate data bility with potential as memory operation.
communication. On the other hand, these effects are also typi-
cally very weak so that high optical powers or long devices arewjith this theoretical model, it is also possible to evaluate the
required. usability of different semiconductor materials. For the case of

A possible solution is using nanophotonic structures lik@e Kerr effect, the most appropriate 'standard’ semiconductor
compact waveguides and resonator structures (Fig. 1), which gfistem at.55,m was found to be AlGaAs. For two-photon ab-
hance the optical field en slow down the propagation of the lighforption, Silicon is a very suitable material. The use of a high-
In this way, the nonlinear interaction is amplified, however at thgntrast material system is however required to obtain the op-
cost of usable signal bandwidth. As a result, a trade-off betwe@um nonlinear interaction. With the aid of new material sys-
speed and power is necessary. tems, such as InP nanocrystals, this interaction may be further
enhanced at the expense of additional complexity.

Il1. DESIGN AND FABRICATION

In the high-contrast material system Silicon-on-Insulator
(SQl), different waveguide devices and resonator types were de-
signed to verify the theoretical results experimentally. The fab-
rication of these test components occurs in association with the
Interuniversity MicroElectronics Center (IMEC) at Leuven. The
structure patterns are defined in a resist layer using a deep UV
lithography stepper, after which a dry etching process transfers

Fig. 1. Ring resonator coupled to two photonic wires. The width of thesle patterns into the Silicon layer. A detailed overview of the
waveguides is only 500 nm, while the radius of the ring resonatorim4 rocessing steps can be found in [3]. These processes are in
Inside the resonator, the light can enhanced be enhanced by a factor of nPore 9 P [3]. b

than 100. se CMOS processes, characterized and adapted for the fabrica-
tion of nanophotonic circuits, allowing production on industrial
scale.

Il. THEORETICAL STUDY

To investigate this trade-off, an analytical model was con- IV. EXPERIMENTAL VERIFICATION

stituted, allowing the evaluation of the impact of different pa- |, cooperation with the National Institute of Information and

rameters on the nonlinear behaviour of the resonator structu€snmunications Technology (NICT) of Tokyo, pulsed nonlin-
(Fig. 2). In addition, this model allows to design and optimizg,; measurements were made onto different types of photonic
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Gb/s [4]. Good agreement with the theoretical results was gimwer pulsed pump signal, a continuous-wave probe signal at
tained. a nearby resonance wavelength was modulated at a speed of
On the ring resonators, both continuous-wave and pulsed Gb/s (Fig. 5). At this speed, the thermal effects that are
measurements were done. Two-photon absorption was agaiesent, are averaged and only influence the relative position
observed, however not as dominant effect: derived phenomeafdhe resonance wavelength. Adding an external temperature
such as free-carrier dispersion and thermal heating dominatedbatroller would result in a completely tunable building block
nonlinear behaviour. These refractive index effects are muiftr all-optical signal processing at Gb/s speed. Higher bit rates
stronger than the Kerr effect, but also much slower. Howevenuld be obtained by reducing the carrier lifetime, however at

due to the compactness of the ring structures, their response tthreecost of higher pump power.
is still much faster than in conventional devices.

The continuous-wave measurements demonstrate that (the
mal) optical bistability could be obtained with ordy 300 mwW
(Fig. 3). These results could be explained by adding carrier an
temperature effects to the theoretical model. A carrier lifetime
of about 1 ns and a temperature relaxation time of about 100 r
were derived [5].
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g i 8-%; mw H Fig. 5. Example of measured probe signal at the output of a ring resonator. The
a | friNe | 0554 mw continuous wave probe signal at the input is being modulated by a pulsed
g it I PR 0784 mW _ pump signal by means of carrier effects inside the resonator.
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wavelength (nm) The potential of ultrafast nonlinear optics was investigated

Fig. 3. Transmission spectrum for different input powers. Two-photon abOth theoretically _and experimentally. _Highly confined StrUC'.
sorption reduces the resonance transmission, while free-carrier and therttidies - such as wires and resonators in high-contrast material
dispersion shift the resonance wavelength to higher wavelengths. systems - provide the opportunity of 100 Gb/s all-optical

. . - . . signal processing at modest power levels. In addition, sec-

In ado_I|t|on,.quaS|-per|od|c pulsgﬂng behawour was observs dary phenomena like carrier and thermal effects can be used

for the higher input powers due to interaction between the camgf siower operation at even lower power levels. New materials

and thermal effect [S]. The origin of these pulsations lies in the gyemg may even further reduce the requirements for nonlinear
fact that both effects are counterproductive with different ti eration

constants, making the resonance wavelength fluctuate around a
center position instead of converging to a stable situation. This ACKNOWLEDGMENTS
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