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A laser wavelength tuning mechanism featuring nested asymmetric Mach-Zehnder
interferometers (AMZI) is proposed. In this scheme the optical path length unbalances
are controlled with phase shifters, and provide with a tuning range in the order of few
terahertz. The nested AMZI configuration allows for single mode operation of the laser
by means of Vernier effect, and limits the required number of control elements.
Therefore the complexity and the overall length of the integrated laser cavity can be
reduced. The preliminary laser chip designs for the COBRA InP active-passive photonic
integration platform along with some modeling results will be presented.

Introduction

Semiconductor lasers increasingly pave their way into the world of sensing applications
and the field of gas detection in particular [1-3]. The laser based gas detection schemes
can be used in a wide range of applications including medical, manufacturing,
pharmaceutical, environmental engineering and agricultural. This opens new possible
markets for such semiconductor devices, which are so far mostly associated with the
telecom industry. The latter renders a relatively high cost of implementation and use
semiconductor laser based solutions, which can be a prohibitive factor for many
potential users. However, this situation changes through the availability of so-called
generic photonic integration platforms. At present a few indium phosphide (InP) based
integration platforms are offered by different foundries, each of these provide access to
several building blocks allowing a user to create complex photonic integrated circuits
(PIC) [4]. These platforms offer reliable performance at the wavelengths around 1.5 pm
(telecom window). Currently work is ongoing to extend the active-passive photonic
integration scheme in the COBRA research institute to the wavelengths range around
2 um which are of particular interest from the point of view gas sensing applications,
but also draw the attention of the telecommunication related research [5].

A wavelength tuning scheme based on asymmetric (unbalanced) Mach-Zehnder
interferometers placed within a laser cavity is proposed and followed with a design of a
few test structures. These are realized in a multi project wafer (MPW) run within the
COBRA active-passive integration platform at 1.5um. Use of reliable photonic
integration platform will allow for an experimental evaluation of the operational
parameters in terms of spectral purity, tuning range, speed and accuracy with respect to
the requirements imposed by particular application i.e. gas detection.

Tuning principle

The AMZI serves as a periodic with respect to the wavelength filter, with the free
spectral range FSR=c/AL where c is the speed of light in vacuum, and AL the optical
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path lengths’ difference of the interferometer’s branches given by AL=(n;*L,-n,*L;)
with n; being respective refractive indices. Furthermore, the unbalanced configuration
enhances the tuning mechanism 1i.e. the optical phase change of 2r in one arm tunes the
filter over one FSR. This allows to achieve tuning range in the order of tens of
nanometers (a few terahertz) providing small values of the unbalance (tens of
micrometers) of AL [6], [7].

An individual AMZI based filter features a finesse of 2 (sinusoidal profile) which is
typically not sufficiently selective when combined with the fundamental mode structure
of the laser cavity and a gain profile of semiconductor material in order to achieve a
single mode operation. The mode selection principle of a single AZMI filter combined
with resulting longitudinal cavity mode selection is depicted in Fig. 1(a).
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Fig. 1. The transmission profiles of a filter consisting of (a) single AMZI filter and (b) series of three
unbalances interferometers in red, and their respective fundamental cavity modes selection plotted in
blue.

This issue can be overcome by combining more than one AMZI, which can improve the
finesse of the filter when AL,=AL;+1 are used, or create and interference pattern
(Vernier effect) resulting from different transmission profiles when various optical
unbalances are introduced (AL#AL;+1). The latter will improve control of the overall
cavity loss at undesired wavelengths (frequencies), therefore allowing for improved
longitudinal mode selection, and a single mode operation of the laser, even with broad
and uniform gain profiles, and long fundamental laser cavities (tight fundamental cavity
mode spacing)). A transmission profile of a three stage serial filter, is shown in
Fig. 1(b). The side mode suppression ratio (SMSR) of a semiconductor laser can be
related to the transmission profile of the intracavity filter with the respect to the side and
the main mode after [6], [8] by:

SMSR = 101ogyo (1 + st x 20UT) (1)

In R2 Psp

where Tgy 1S side to main mode transmission ratio of the filter, R is laser facet
reflectivity, Poyr is the laser emitted power, and Pgp represent spontaneous emission
power coupled into the lasing mode. For a device with a total cavity length of 10 mm
(fundamental FSR of ~4GHz), including three stage AMZI cascade with unbalances AL;
of 15 pum, 300 um, and 1440 pum, facet reflectivity at 0.3, and typical value of
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Psp=0.5 uW (after [6]) the SMSR of 22.6 dB at the output power of 4 mW can be
estimated.

Test structures

The COBRA active passive integration platform offers a set of basic building blocks
which can be used to in order to build and fabricate AMZI based filters with sufficient
precision. A design of a single AMZI consists of multi-mode interference (MMI)
couplers, electro optic phase modulators (EOPM), and passive waveguides, and is
depicted in Fig. 2(a). The MMIs are used as power splitters/combiners, and EOPMs in
both branches of an AMZI provide phase alteration functionality. The length of the
phase shifters and their push-pull configuration suffice for at least 2n optical phase
change (one FSR tuning range).

Two variants of the filter design were used: one consisting of three AMZIs in
series, and an alternative where the unbalanced interferometers are in a nested
configuration. Furthermore, in the second approach a reflective configuration is created
utilizing MMI based on-chip reflectors (MIR). The nested approach results in shorter
contribution to the laser cavity length, and requires fewer phase shifters in order to
provide similar extent of spectral control, therefore allowing for larger fundamental FSR
and simpler operation. Both configurations are schematically presented in Fig. 2(a)(b).
Each variant is on-chip coupled with a semiconductor optical amplifier serving as a
broadband source for an ease of their characterization. In addition on the same PIC both
of the filters are implemented as intracavity elements in linear and ring laser structures.

Fig. 2. Schematic layout of the AMZI filters in (a) serial and (b) nested
configuration and (c) their location on the photonic integrated chip
fabricated in COBRA multi project wafer run.

Summary

The COBRA photonic integration platform at 1.5um, allowed to design and fabricate
tunable wavelength filters based on AMZI. These types of structures rely on the optical
unbalance, which for large tuning ranges can be sensitive to fabrication process
variations. These filters will be characterized in a single pass transmission and within a
linear laser cavity. Results obtained will then be used for transfer into COBRA long
wavelength platform providing with the same functionalities at wavelengths in the range
of 2um.
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