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Abstract: We demonstrate a fast -optical gate with éum radius InP disk heterogeneou
integrated on to 80! waveguide circt. Rise time and fall time together are 50ps.
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1. Introduction

All-optical signal processing is the way forward to meet thenvgrg deman of high speed commuration and
ultrafast computingGates are important components for communicatiath @mputing devicesThe speed of
electronics based gates wilbt be sufficient fc the next generation communication and computing de, and

hence faster gates will be required the recent yea, microdisk and microring resonators have emerge

promising candidates for threalization of photonic compone and devices. Microdiskfeing sma in size, offer
theadvantage of high speed, scalability and high dgwsi chip integration. Since icon manufacturing process

are in amature state, integrating active devices on siliatbows harnessing the best features of active natgeas

well as of silicon. In this regard, adhesive-to-wafer bonding with the divinylsiloxangenzocyclobuter (DVS-

BCB) polymer has been shown to &&iable solution [1]. In this paper we report omigh speed &-optical gate
using aninP microdisk resonator heterogeneously integratedo SOl waveguide circuiThe cdameter of the
microdisk is 10um, and theedice structre and waveguide circuit are as reported in\i#ih the differenc that this

device has a drop port waveguideder the microdislopposite to the through port waveguitiée worked with the
through port thouglor the experiments reporthere.

This approach to optical gating allows integratieith other active devices such as-optical flip-flops and

ultimately realisation of more complex photoniceigitated circuits using heterogeneously integrat@dnicrodisk
on SOI.

2. Concept for All-optical Gate

Our gate is based dhe carrier induceichange in transmittance characteristics of thedaged microdisk. It is
realized using a pumprobe configuration wittthe pump tuned at one resonawdvelengthand the probe at
another. The spectral response ofrfierodisk used fothe gating experiment is shown in figure From figure 1, it
is clear that there aravd resonant modes w a FSR of 22.6nm. The higher wavelength m@del586.5nn has a
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Fig. 1: Spectral response microdisk resonator Fig. 2: lllustration of concept fdi-aptical gate
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higher extinction ratio thatihe lower waveleng mode (at 1563.9nm). Obviously, tuning fivebe light around thi
wavelength will give aigher extinction ratidor the gate. Theipples in the spectral responsethe microdisk are
due to a Fabryerot resonance formed between the two gratinglers used for coupling to fibeFigure 2
illustrates the concept of the alptical gate.To realize gating, therobe power should be srer and the pump
power larger. The rgen curve represents the transmission charaated$tthe microdisk aroundthe probe
wavelength in absence of themp pulse. With the arrival ¢he pump pulse, thieansmissiorcurve shows a blue
shift due to the geneliah of carriers causir a decrease in the refractive indekisTis represented the red curve.
If the arrival of the pump pulsis periodi, then the tramaission characteristic will shift frorthe green to the red
curve and back. This sequence will keep repeat#gdfiin accordance to the time periocthe pump pulse: If prior
to the arrival of the pump pulsthe probe ligt wavelengthis set off the resonance, marked as 'n figure 2, then
the output will be high and the gatéll be in the open state. As the pump pulse arritresresonance will be bl
shifted and th@utput of probe light will be low anthe gate will be in clogkstate. This is marked as ‘B’ in figu
2. This way the power of therobe light will vary periodicall in the time domaitetween poirs ‘A’ and ‘B’ from
high to low and vice-versa.

The gating experiment wadone usin the pump and probe configuration as discussedealbogure 3 shows th
schematic of the experimental sgt-use. Low power TE probe light tuned off the resonarmarked as ‘A’ in
figure 2, from aCW tunable laser is injected in to the microcfrom theright side of the waveguidThe power of
the probe light injected into theaveguide is 170V Polarization controlling wheel®CW) are used to contrthe
polarization of the light. Using a culator the high intensity pump light fromshort pulse sour: is injected into
the microdisk from thdeft side of the waveguid The averagepoump power in the waveguide is 4 The
waveform of the short pulsgsed is plotted in figure The drop port of theirculator is used to collethe probe
light. The probdight obtained at the drop port the circulator is amplified by aarbium doped fibre amplifi
(EDFA). A bandpass optical tunable filter, tuned around theelemgth ofthe probe lightis used t¢partly supress
the spontaneous emission noise fiiEDFA. Finally the probe light is fed into tlogtical scope
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Fig. 3: Schematic of thexperimental s-up for the gating measurements Fig.4: Waveform of the pump pu

3. Reaults

Measurements were perfoeh keepincthe microdisk biased at OV and -1¥.5ps wide pump pulsewith repetition
rate of 10GHzand extinction ratio of more than 20, plotted on the left siden figure 5, were injecte into the
microdisk while theprobe light was already jected to the microdiskNote that the pulse width in figure 4 loa
much wider than 7.5ps due to the limited resolutainthe optical scope used to record The gate output
corresponding to the pattern of thamp pulses is plotted cthe right side of Figure ®hile the microdisk was
under a reverse bias of -1Vh@ rise ime and fall time is 8.5ps and 41.5ps respectivEhe extinction ratio i
4.5dB. This low extinctin ratio may be partldue to spontaneous emission noise from EP&#d also due to tt
low extinction ratio of théransmittance characteristic the microdisk itself. Biasing thmicrodisk reverse resula
shorter fall time due to fastweeping of the carrie out of active region of the microdidly the electric eld. A
similar approah has been used for h speed all-optical modulation [3]. Under tb@me pump power ara higher
value of the reverse bia® further improvement in fall time was se The high speed dhe gate can be due to
surface-state recombinatiamthe side walls cthe microdisk, along with a contribution fraifmereverse bias.
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Fig. 5: Pump pulse patte(left) and corresponding gate output (right)
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Fig. 6: Transient response of gate ou-rise (left) and fall edge (right)

4, Conclusion

We have demonstrated a small sizeoglical gate with an InP microdisk of 10um diameterking a a speed of
10GHz. On the basis ofe time and fall tim measurementse estimate that this gate can worl till the speed of
20GHz.
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