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Abstract

Tunable lasers exhibit wavelength drifts in the presence of thermal and aging effects. This limits the
operation reliability, if recursive recalibrations are not regularly performed. To address such an issue, we
propose an on-chip calibration scheme combining a cyclic Arrayed Waveguide Grating (AWG) for coarse
alignment with nested ring resonators for fine selection. Proof-of-concept experiments confirm lasing mode
restoration across biasing conditions over multiple instances. This integrated approach removes the need
for lookup tables or manual recalibration in the lab, offering a compact and cost-effective method to
achieve stable and accurate laser modules.

Introduction

Tunable lasers are essential tools in areas such as telecommunications, sensing, and imaging. However,
maintaining wavelength stability over a long time is challenging due to environmental variations including
thermal fluctuations. These factors can lead to wavelength drift, decreasing system performance and
reliability. To address this, wavelength tracking mechanisms for real-time feedback can be applied. On-
chip wavelength tracking can improve resilience of tunable lasers. Such approaches can provide a cost-
effective way to improve laser stability. This work reports on development of a wavelength tracking
photonic circuit to replicate lab calibration procedures on-chip. Our integrated solution employs a two-
stage wavelength selective filtering scheme as depicted in Fig. 1.

Methods and materials

This section first explains the working principle of the two-stage filter, afterwards it outlines how the fine
filter is designed and how the AWG is experimentally verified. Regarding the fine filter, its structure and
design parameters are defined. Consecutively, the modelling techniques used for simulating the fine filter
and obtained results are detailed. Secondly, the experimental setup for validating the AWG filter stage and
the characterization outcomes are reported.

The first stage of the wavelength tracking solution is a 4-channel cyclic AWG acting as a coarse filter for
global wavelength selection with a channel Full-Width at Half-Maximum (FWHM) of 1 [nm] and a channel
free-spectral-range (FSR) of 10 [nm]. The second stage uses tunable nested ring resonators with an FSR of
1 [nm] for fine, local optimization.
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Figure 1: Two-stage integrated wavelength tracking schema. Coarse spectral discrimination is achieved by an
AWG and fine spectral discrimination is achieved by a nested micro-ring resonator.



The fine filter design shown in Fig. 2 is based -
two nested ring resonators and is designed forthe ~ Input
InP Membrane on Silicon (IMOS) platform
[1],[2]. We chose this platform because it is not
only compatible with integrated circuits for Drop
electronic integration, but it also allows for an <=
efficient Thermo-Optic Phase Modulator Figure 2: Layout of the nested ring resonator.

(TOPM) design [3]. Hence, the filter is made

tunable using TOPMs. The inner ring and outer ring have a length ratio of 1:2 and will each contain a
heater. The inner ring is fully covered by a heater, while only the section denoted by /> will be a heater in
the outer cavity.

To perform schematic level simulations, several design parameters need to be determined. First, the
dneff

are determined.

nominal group and effective index, n, and n.y respectively, and thermal coefficient
The inner ring radius 7; is calculated using the effective index as
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where A is the central wavelength of the C-band and 4/ is the FSR of the fine filter. The coupling ratio
between the power Py at the input port of one waveguide and the resulting power P; at the output port of
the opposite waveguide and is calculated as

T
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here, L. is the length of the coupler and « is the coupling coefficient, dependent on the coupling gap go.
The IMOS waveguide cross-section has been simulated in ANSYS Lumerical EME to find the fundamental
mode. This determines the waveguide indices and thermal dependency. The refractive index of InP is
assumed to increase linearly with temperature at a rate of 5.95 - 10~° [K"!] over the range of 290 [K] to
500 [K] [4]. The coupling coefficient, and therefore the coupling gap, are iteratively found using Photon
Design’s FIMMWAVE. Lastly, ANSYS Lumerical INTERCONNECT is used to make an S-matrix
simulation of the nested ring resonators to obtain the drop-port spectrum.

The measurement setup used to validate the AWG

fabricated over the SMART Photonics generic Cooler

platform is shown in Fig. 3. Each active component 1

of the laser is driven by a Fraunhofer HHI | Qurn —

PIConnect Mainboard. The integrated laser used in [ Vokage | laser

the tests has also been achieved on the SMART L=2Z
Photonics generic platform and consists of a [

Computer

Semiconductor Optical Amplifier (SOA) and an
MMI-tree splitting the lasing cavity into four arms, Figure 3. Measurement setup to determine the viability of
each containing an Electro-Optic Phase Modulator the AWG feedback stage. PICs are indicated in blue.
(EOPM) and an additional SOA as depicted in Fig.

1. The laser chip is cooled to a constant temperature of 290 [K]. The laser output is coupled to a 90/10 beam
splitter using a polarization control section. 10 % of the light is directed towards a YOKOGAWA AQ6370C
Optical Spectrum Analyser (OSA). The other 90% of the light goes to the AWG, which filters the optical
signal splitting it into 8 wavelength channels each ending in a photodiode (PDs). The current generated by
the PDs is probed to be measured by a Keithley 2612B current meter. The AWG has a FSR of 32 [nm] and
a channel FWHM of 0.6 [nm]. The measured PD current serves as an input to a merit function used by a
Nelder-Mead optimization routine which recursively changes EOPM driving voltages to centre the laser
output wavelength to the central wavelength of the AWG channel [5].

One channel of the AWG is probed at a time and the system is asked to converge to a maximum current.
The spectrum is then measured by the OSA. This is done ten times for each channel and for an SOA biasing
current /p;,s 0f 25 [mA] and 40 [mA] to investigate power dependencies.

Results and discussion of the fine filter design

A fine properly dimensioned filter would enable dense wavelength selection capabilities over a limited
spectral region. First the corresponding design parameters are listed for the IMOS platform and secondly
the drop-port spectrum is shown.



The resulting nominal effective and group
index at a temperature of 290 [K] conclude to 5
be 2.248 [-] and 3.917 [-], respectively. In turn,
the inner ring radius becomes approximately ©—10 1
170.1 [um]. Section I, being 1.068 [mm] is

implying that section /; becomes 534.4 [um].

Regarding the coupling regions, a coupling gap —207
of 300 [nm] in combination with a coupling ) } }
length of 6 [um] provides a coupling ratio of —30 - \/ \ \/ \ \/ \
0.2. Moreover, it is found that the thermal

coefficient is equal to 5.33 - 107° [K™'] as well 1548 1549 1550 1551

as that the linear approximation stands within Wavelength, A, [um]

the given range of temperatures. Therefore, the Figure 4: Drop-port spectrum of the nested ring resonator at

power require(.i to induce a @ phase shift in one 51141/ operation (blue) and after shifting (orange).
of the heaters is 1.594 [mW].

The drop-port spectrum is shown in Fig. 4. The
FSR is 1.147 [nm], while the full width at half
maximum FWHM is 6 [pm], yielding a finesse 10f + + T T % *
of 179.05 [-]. Furthermore, it is demonstrated
how the spectrum may be shifted while
maintaining its performance.
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Results and discussion of the experimental
AWG validation

The optical power versus wavelength as a
function of AWG channels is shown in Fig. 5.
Here, a laser spectrum measured using the OSA
after the system maximized the read-out from a
single channel of the AWG is shown as an
example. Furthermore, error bars for the
standard deviation of peak-power and Figure 5: Statistics of the laser peak convergence as a _function
wavelength are shown for all AWG channels, of the AWG channels.

representing the average fluctuations of

wavelength tracking when using only the course filtering stage. For a biasing current of 25 [mA], the mean
standard deviation of power is 0.88 [dB], and for wavelength the standard deviation is 0.074 [nm] on
average. For a biasing current of 40 [mA], these are 1.11 [dB] and 0.133 [nm], respectively.

From the consistent capability to centre the lasing wavelength to the AWG channels, irrespective of the
bias current, we can conclude that the concept works as desired. However, there are two performance
pitfalls. Only a finite set of laser modes can be selected with a standard deviation approximately up to 0.15
[nm]. This directly leads to limitations in accuracy and consistency.
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Conclusion

This work introduces an integrated wavelength tracking solution for tunable laser calibration, addressing
key challenges such as instability, degradation, and wavelength drift under practical operating conditions.
The proposed architecture is an on-chip two-stage filter that combines a cyclic AWG for coarse alignment
with nested ring resonators for fine wavelength selection. As suggested by simulations and experimental
validation, the two-stage approach enables specific mode selection over an extended spectral range. Thus,
use of a rather small footprint integrated photonic building block tunable laser performance can be kept
stable under varying environmental conditions.

References
1. M. A. Selim and M. Anwar, “Enhanced g-factor and effective length silicon photonics filter
utilizing nested ring resonators,” Journal of Optics, vol. 25, no. 11, p. 115801, Sep. 2023.
2. R. A. Shalaby, M. A. Selim, G. A. Adib, Y. M. Sabry, M. Gad, and D. Khalil, “Silicon photonics
dual-coupler nested coupled cavities,” in Silicon Photonics XIV, G. T. Reed and A. P. Knights,
Eds., vol. 10923, International Society for Optics and Photonics. SPIE, 2019, p. 109231P.



3.

Y. Wang, V. Dolores Calzadilla, K. Williams, M. Smit, and Y. Jiao, “Efficient thermo-optic phase
modulators on an indium phosphide membrane,” in Proceedings of the 25th Annual Symposium
of the IEEE Photonics Society Benelux Chapter., 2021.

J. A. McCaulley, V. M. Donnelly, M. Vernon, and I. Taha, “Temperature dependence of the near-
infrared refractive index of silicon, gallium arsenide, and indium phosphide,” Phys. Rev. B, vol.
49, pp. 7408-7417, Mar. 1994.

S. Tondini, C. Castellan, M. A. Medina, and L. Pavesi, “Automatic initialization methods for
photonic components on a silicon-based optical switch,” Applied Sciences, vol. 9, no. 9, 2019.



