





Vol. 25, No. 3| 6 Feb 2017 | OPTICS EXPRESS 2947

Fig. 5. (a) SEM image of one of the MMI arms with a width of 33 m; (b) SEM snapshot of
the two symmetrical SOI MMIs used for the proposed ratiometric wavelength monitoring.

The ratiometric transmission spectrum was measured by using a tunable laser source
which was coupled to the SOI integrated device using singlemode fibers connecting a
polarization controller and a tapered singlemode fiber. In order to collect the output signal,
two 20X objective lenses and two photodiodes were placed at the end of each SOI output
ports, the optical power was collected separately and hence the power ratio was calculated
and processed by the integrated wavelength monitoring system. Figure 6 shows the measured
and simulated ratio results: the measured data has a good agreement with the calculated
results, although measured results of the SOI photonic integrated device are smaller than
those predicted by calculations. The observed worst case of 25.2% discrepancy between the
simulated and measured results is shown in Fig. 6, thus pointing to a number of possible
reasons, such as the imprecise refractive indices used in the theoretical models, or more
likely, the slab thickness of the SOI (both singlemode and multimode SOI waveguides) and
physical dimensions deviations of the MMI waveguides during the fabrication, namely the
manufacturing tolerances.

Fig. 6. Simulated and measured ratio results.
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To evaluate the wavelength discrimination ability and also the wavelength resolution of
the proposed photonic integrated SOI MMI device, the ratiometric wavelength measurement
process was performed using the experimental method presented in [22, 23], considering the
optical and the electrical noise of the source signal and of the photodetectors. In the
experiments, the SNR of the input tunable lasing signal generated by a narrow linewidth, high
precision tunable laser (Agilent 81600B, Santa Clara, CA USA), is better than 70 dB, while
the resolution of the high sensitive power meters (ADC 8250A, Tokyo Japan) is 0.001 dB and
the noise generated by the power meters and electronic circuitry is equivalent to an
reproducibility error in the ratiometric measurements of about 0.002 dB. The starting source
wavelength was set to 4 = 1550 nm and then the wavelengths were shifted by increasing
increments of 10, 15, 20, and 25 pm, successively. The power meter outputs were sampled
every 10 seconds and the ratio of the power meter outputs was measured for each wavelength.

Figure 7 shows the measured ratio values within the complete time series as a function of
sample time starting from A = 1550 nm. The wavelength was stepped by successively
increasing increments of 10, 15, 20, and 25 pm every 10 seconds. The figure shows the
clearly detectable change of the recorded output ratio of the proposed passive wavelength
monitoring system, capable of achieving a resolution of better than 15 pm, which is
competitive compared with some commercial active wavelength scanning techniques and has
the additional advantages of robustness and the absence of a need for mechanical movement.
The other wavelengths of 1500 and 1600 nm provide a resolution better than 20 and 10 pm.
Also compared with our previous work on optical fiber based edge filters [3, 19, 23], the
advantage of this work is that silicon photonics is an unique candidate that should be qualified
for integrating both electronics and photonics on the same optoelectronic circuit chip, leading
to a high-volume production of low-cost devices on silicon platform by using the standard
photolithography technologies from the microelectronics industry. Ref [8] demonstrated that
the wavelength measurement based on Fano resonance in microring resonator can have a high
resolution of 0.8 pm but with a short wavelength range of 0.47 nm. Also, the next generation
of photonic components needs to meet ease of fabrication, compact physical configuration,
low-cost, CMOS compatibility, broadband operation (especially challenging at the mid-
infrared wavelength range) and compatible with high-volume manufacturing. Silicon
photonics appears as a unique platform to deal with this integration challenge using highly
confined optical modes in silicon based photonic integrated circuits.
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Fig. 7. Output ratio as the wavelength is tuned from a start wavelength of 1550 nm.
5. Conclusion

In conclusion, an integrated SOI device based on a pair of symmetrical MMI structures with
X-type spectral response for wavelength monitoring has been investigated theoretically and
experimentally. The wavelength discrimination of the proposed ratiometric structure has been
investigated and has shown a competitive measurement resolution better than 15 pm for a
wavelength monitoring application with a range of advantages, such as a simpler
configuration and a low-cost as compared to existing ratiometric wavelength monitoring
systems. Furthermore, the proposed SOI asymmetric MMlIs integrated device shows
promising characteristics, making them potentially suitable for on-chip wavelength
monitoring of large scale Si-PICs. Future work will focus on the post-processing techniques
for improving the performance of the integrated device, such as annealing and device
packaging process.
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