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Abstract: We present measurements of optical bistability in GaAs/AlGaAs optical microring
resonators at 1.55um wavelength.

1. Introduction:

Microring resonators have been shown to be versatile elements for passvefilter synthesis
[1]. Recently the use of semiconductor microrings to enhance norlinear optical effeds was
proposed and investigated [2,3]. In [2] analysis of opticd switching in a Mach-Zehnder
interferometer loaded with a nonlinear fiber ring resonator shows that the speed o such a device
would be limited by the propagation time through the fiber ring. Microring resonators sould
show similar effectsif the ring material has sufficient X optical nonlinearity. In addition the
charging time in microrings is in the range of a few picoseconds, allowing switching speed in the
100-GHz regime if the response time of the norlinear effect is much faster than the cavity
lifetime.

In this paper we report experimental observations of switching phenomenain
semiconductor microring resonators. The devices used in this gudy, which are described in detail
elsewhere [4], are add/drop filters and ring-loaded Mach-Zehnder interferometers comprising of a
single 10um-radius GaAs/AlGaAs ring verticall y coupled to straight waveguide tracks. These
microrings have quality factors ranging from 6000to 10,000and a freespectral range of 11rm.

2. Experiment:

The eperiment consisted o two parts. In thefirst part, slow (1ms) switching dueto
thermal effeds was observed. The experimental setup is siownin Fig. 1. The current of atunable
external-cavity laser diode was modulated at alow frequency (10Hz). Thewavelength o the
propagating beam was tuned to one of the microring’s TM modes. The polarization o the input
beam was controlled using a fiber paarization controller (FPC). The amplified beam was then
split into areference beam and a probe beam. The reference beam was attenuated and monitored
by detedor D1. The probe beam was coupled into the input waveguide using a conically-tipped
fiber, and the output was measured at the drop-port of the device (Fig. 2a) using a second conical-
tipped fiber and detector D2.

In the add/drop configuration used here, when the source is tuned to one of the microring
resonances, thefield circulating in the ring builds up to a much higher value than the input field,
thus eff ectively lowering the switching threshold. In the switching measurement the source
wavelength was tuned to 1561.3nm, which is 0.3nm red-detuned from the microring resonance
wavelength o 1561m. The laser power was modulated at a 10Hz rate to gve a 0 to 50mwW
power variation at the input of the device. Thetimetraces for the input and autput signals are
shown in Fig.3a. The switching timeisin the microseconds range, indicating that switching was
due mainly to thermal effects. In Fig. 3b, the output intensity is plotted versus the input intensity.



Switching thresholds and hysteresis are clearly observed. This bistable behavior of the microring
can be eplained by athermal increasein the effectivering index with increasing intensity.

When amicroring is coupled to one arm of a Mach-Zehnder interferometer (Fig. 2b), the
switching threshold of the device islowered by the square of thering finesse[2]. To avoid
thermal switching the foll owing setup was used. An external modulator was used to chop a CW
beam to dotain a 300ps pulsetrain at a 250MHz repetition rate. The fast pulsed input signal
reduces heating d the ring andincreases the instantaneous peak power of the pulses. The
polarization o the input beam was st to TM using a fiber poarization cortroller. An EDFA
amplifier was used to amplify the pulses and deliver an average power of 25mW to the input
waveguide. Resonance caused the power circulating in the ring to be quadratically enhanced.
Using an estimated field enhancement factor of 3 in aur device, we calculated a peak intensity of
10°W/cm? circulating in the ring. Fig. 4 shows time traces of theinput and cutput pulses. Fast
nonlinear switching is observed with arise time of 18ps, which is comparable to the charging
time of the microring. We natethat in our device the switching speed is limited mainly by the
microring cavity lifetime, which can be reduced by decreasing the ring radius.

3. Conclusion:

In conclusion, we report observations of both thermal and fast nonlinear switching in
microring resonators. Experimental results showed that the ring could be used as an gptical
switch in the 100GHz regime.
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Figure 1: Experimental setup for slow switchingin microrings.
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Figure 2. Optical micrographs of (a) an Add/Drop GaAs/AlGaAs micro-resonator and (b) a microring-loaded

Mach-Zehnder GaASAIGaAs interferometer.
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Figure 3. (a) Inpu (lower trace) and autput (upper trace) time tracesin slow thermal switching experiment;
(b) intensity bistahility curve.
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Figure4. Timetraces of input and output pulsesin fast nonlinea switching experiment.



