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Abstract:  We present an experimental demonstration of opticallyrotlet re-routing of
a signal in a photonic crystal cavity-waveguide structuith\8 ports. This represents a key
functionality of integrated all-optical signal procegsitircuits.

© 2012 Optical Society of America
OCIS codes: 130.4815, 160.5298

1. Introduction

Photonic crystal (PhC) membrane structures have attranteth attention as a platform for integrated all-optical
circuits performing signal processing tasks at ultra highdwidths with low energy consumption in future optical
communication systems [1]. Coupled cavity-waveguideesystprovide enhanced non-linear light-matter interaction
and small footprint, which are essential for efficient ogtintegration. Previous work has demonstrated on/off-oper
ation in which a control pulse is used to determine the stitiesoswitch [2, 3].

In this work, we present a demonstration of a re-routing afpen, where a control pulse can switch the signal
between two output ports. This constitutes one of the kayasigrocessing functionalities of integrated optical gits.
The left panel in Figl shows a SEM-image of the 3 port structure that was used inxperienent. It consists of a
suspended InP PhC membrane with a bus waveguide and oneaftdpat couple to an L7 cavity, which is created
by removing 7 adjacent holes. The end facets of all ports areiged with tapers to reduce insertion losses [4]. As
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Fig. 1. Left: SEM-image of the PhC structure and a schembitistiation of the input and output
fields. Right: Illustration of the switching principle. Witthe signal red-detuned from the cavity
resonance, the transmission through the bus port is largen\tfie pump is applied, it blue-shifts the
cavity resonance through free-carrier dispersion and#msinission through the drop port becomes
large while the transmission through the bus is stronglyced.

illustrated in the upper right panel of Fidy, there is a low output from the drop port and a large outpunftbe bus
when the signal wavelength is tuned away from the cavityrrasoe. When the pump is applied, it generates free
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carriers by two-photon absorption, which changes the c8f@index by the plasma-effect and thus blue-shifts the
cavity resonance. This results in a maximum of the outpunftioe drop and a minimum from the bus, see the lower
right panel in Figl. By applying a control pulse, it is thus possible to re-ditee signal from the bus to the drop.

2. Experiment

The structure in Figl is characterized by non-degenerate pump-probe measuteosing a setup, which is shown
diagrammatically in Fig2. The pump and signal pulses originate from the same fengorskemode-locked laser, but
pass through tunable filters resulting in different carwerelengths\; andA, and pulse widths on the order of 5ps.
The signal is modulated at a frequency that is much smaléer the repetition rate of the mode-locked laser to enable
lock-in detection. The signal is also passed through a biridelay line to control the difference in arrival times of
the signalks and pump,. As sketched in Figl, the pump and signal pulses are injected into opposite etie dus
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Fig. 2. Diagram of the experimental setup.

to minimize non-linear interactions inside the waveguiiace we are only interested in the effect of the cavity. The
signal is collected from either the bus- or the drop output.fi&ven though the pump is not modulated before entering
the sample, the modulation of the signal can be transfeortitbtpump through the non-linear interaction in the cavity.
Therefore, afilter is used before detection to collect ohé/dontribution from the signal.

3. Results

The linear transmission properties of the system have hesmacterized by sending the signal to an optical spectrum
analyzer before and after having passed through the safipéeresult is shown in the left panel of Fig.(blue
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Fig. 3. Left: Linear transmission through the bus (blue) dnap (green) port as well as curves
(red and black) calculated from coupled mode theory. Ce8ignal transmission through the drop
port as a function of the delay between arrival times of tigaaiit; and the pump;, for different
pump energies. The black dashed curve is a reference mesirebtained with the pump far
red-detuned. Right: Same as the center panel, but for theuipst.



IW3C.5.pdf Advanced Photonics Congress © 2012 OSA

and green). The figure also shows the calculated transmifisim coupled mode theory [5] (red and black) and the
agreement is reasonably good when using a loaded qualityrfaicl200. The center (right) panel shows the non-linear
transmission of the signal through the drop (bus) port imptiesence of a pump pulse as a function of the delay. When
the delay has a large negative value, the signal arrives bbefgre the pump, corresponding to linear transmission.
These measurements were performed in a wavelength-caatigurwhere the pump and signal were blue-detuned by
1nm and 4nm from the cavity resonance, respectively. Theklnlashed curves are reference measurementd&with
3.0pJ in a configuration where the pump is far red-detuned ()0mmvhich case its coupling into the cavity should
be negligible. The measurements show an increase in thetdmogmission and a decrease in the bus transmission
when the delay is adjusted so that both the pump and the saigaalresent in the cavity simultaneously. This clearly
demonstrates re-routing of the signal from the bus to thp.dks expected, the effect is dependent on the pump pulse
energyE, and we observe a 6dB contrast on the drop transmission anc8Q@ke bus at maximum pump energy.

4. Discussion

The experiment presented here clearly demonstrates atrtypoping of an optical signal. The performance could
be improved by using a smaller cavity, which would reducerétgiired pump pulse energy as well as the response
time [3]. An optimization of the wavelength-configuratiohtbe signal and pump relative to the cavity resonance is
also expected to increase the performance further. An@iiat that should be addressed in future work is the fact
that coupled mode theory predicts a maximum linear dropieffay of 50%, which can only be improved by more
complicated designs e.g. using multiple cavities.

Some details of the bus transmission curves are unexpesteld,as the fact that it does not converge to the linear
transmission value for large delays. We believe this to hesed by a non-linear interaction taking place in the
bus waveguide despite the counter-propagative setup. @feeence measurement is meant to probe the non-linear
effects of the waveguide, and the fact that it looks simitathte other curves for the bus transmission supports this
conclusion. Using a smaller cavity and hence a smaller pumepgg would reduce non-linear interactions in the bus
waveguide and thereby suppress this unwanted effect.
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