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Abstract: Heterogeneously integrating III-V materials on silicon photonic integrated circuits
has emerged as a promising approach to make advanced laser sources for optical
communication and sensing applications. Tunable semiconductor lasers operating in the 2-2.5
um are of great interest for industrial and medical applications since many gases (e.g., COa,
CO, CH4) and bio-molecules (such as blood glucose) have strong absorption features in this
wavelength region. The development of integrated tunable laser sources in this wavelength
range enables low-cost and miniature spectroscopic sensors. Here we report heterogeneously
integrated widely tunable III-V-on-silicon Vernier lasers using two silicon micro-ring
resonators as the wavelength tuning components. The laser has a wavelength tuning range of
more than 40 nm near 2.35 pm. By combing two lasers with different distributed Bragg
reflectors, a tuning range of more than 70 nm is achieved. Over the whole tuning range, the
side mode suppression ratio (SMSR) is higher than 35 dB. As a proof-of-principle, this IT1I-V-
on-silicon Vernier laser is used to measure the absorption lines of CO. The measurement results
match very well with the HITRAN database and indicate that this laser is suitable for broadband
spectroscopy.

© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement
1. Introduction

The mid-infrared wavelength range of 2-2.5 um is very interesting for trace gas detection and
bio-sensing since this spectral region contains strong absorption lines of many important gases
(e.g., CO2, CO and CHa) as well as the combination absorption bands of several bio-molecules,
such as blood glucose [1,2]. The stronger absorption in this wavelength range compared to the
near-infrared enables optical sensors with higher sensitivity. Compared with longer wavelength
mid-infrared sources, in the 2-2.5 pm wavelength range the cheaper photonic components
enable low-cost sensors, while detectors with lower noise equivalent power without cooling are
available. Besides, this spectral range also can provide water absorption-free windows for the
detection of many gases. High-resolution spectroscopy of gases requires a tunable laser source
that can scan at least one featured absorption line of the gas [3-5]. In the 2-2.5 um wavelength
range, tunable diode laser absorption spectroscopy (TDLAS) experiments using GaSb-based
and InP-based distributed feedback (DFB) lasers and vertical-cavity surface-emitting lasers
(VCSELs) have shown high-resolution measurements [6-10]. However, these lasers can only
be tuned a few (~3-5) nanometer [11,12]. Widely tunable laser diodes are still highly desirable
for multi-species trace gas spectroscopy [13-15]. Besides, widely tunable laser sources are also
suited to detect the broad absorption features of bio-molecules. For the >3 pm mid-infrared
wavelength range, widely tunable GaSb-based interband cascade lasers and InP-based quantum
cascade lasers have been realized by employing sampled gratings as a Vernier filter [16,17]. In
the 2-2.5 um range, GaSb-based semiconductor lasers coupled to an external diffraction grating
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used for wavelength selection have shown wide tunability [16-18]. But the use of a bulky
diffraction grating and mechanical controller as the wavelength selection mechanism make
these external cavity lasers expensive and difficult to use for portable sensing systems. Recently
developed integrated optics platforms have attracted interest as an enabler for advanced
integrated laser sources operating in the mid-infrared wavelength range [19-23].

As one of the most promising integrated optics platform, silicon photonics was initially
developed for ultrahigh-speed data transmission in computing systems and data centers [24].
The high-volume manufacturing in a CMOS fab and the high refractive index contrast of
silicon-on-insulator (SOI) waveguides enable low-cost and ultra-compact silicon photonics
high-speed transceivers. For the same reasons, there has been a continuous effort to extend the
operational wavelength range of the platform for sensing applications [25-29]. The silicon
photonics platform can offer waveguides with loss lower than 0.5 dB/cm in the 2-2.5 um range
[30]. These waveguides allow realizing ultra-compact building blocks for integrated laser
sources, such as high-performance micro-ring resonators (MRRs), beam combiners and
gratings. Integrating InP-based and GaSb-based I1I-V materials with silicon photonic integrated
circuits (ICs) allows realizing high-performance laser sources in the 2-2.5 um wavelength range
[31-33]. We previously demonstrated GaSb/silicon external cavity lasers based on the butt
coupling of a GaSb gain chip with a silicon photonic IC providing the wavelength selective
feedback [33]. A more attractive solution to realize compact widely tunable laser sources is
however to heterogeneously integrate I1I-V materials on the silicon photonic IC [34,35].
Compared with a butt-coupling device, the heterogeneous integration offers wafer-scale
processing advantages and can avoid critical alignment in coupling the optical amplifier to the
silicon PIC during packaging. Besides, photodetectors can be co-integrated with the lasers
using the same epitaxial layer stack [36], which ensures an on-chip spectroscopic sensing
system can be realized, based on a III-V-on-silicon platform using a single III-V epitaxial layer
stack.

Here we report, to the best our knowledge, the first widely tunable I1I-V-on-silicon laser
source in the 2-2.5 um wavelength range. An InP-based type-II epitaxial layer stack is
heterogeneously integrated on the silicon photonic IC to realize the integrated gain sections.
The III-V-on-silicon semiconductor optical amplifier (SOA) can provide broadband gain with
a 3dB bandwidth around 120 nm covering the 2.28-2.40 pm range. Silicon ring resonator
structures are used for the wavelength-selective feedback. A single III-V-on-silicon widely
tunable laser can provide more than 40 nm tuning range near 2.35 um wavelength. By combing
two lasers with different distributed Bragg reflectors (DBRs), a 70 nm wavelength tuning range
is achieved. A tunable diode laser absorption spectroscopy measurement of CO validates the
use of such a laser source for broadband spectroscopy.

2. Design and fabrication

In the III-V-on-silicon laser device, an SOA based on a InP-based type-II active region is
integrated by means of adhesive die-to-wafer bonding (using DVS-BCB as the bonding agent)
on a silicon PIC (consisting of a 400 nm thick silicon device layer and a 2 um thick buried
oxide layer) with two silicon DBRs and MRRs, as schematically shown in Fig. 1(a). Six periods
of “W”-shaped InGaAs/GaAsSb quantum wells are used as the active region of the SOA [37].
An efficient light coupling between the III-V waveguide and silicon waveguide is realized by
a III-V/silicon spot size converter (SSC). In the III-V/silicon SSC, the silicon and III-V
waveguide are both tapered. Detailed information about the InP-based type-II layer stack and
the SSC can be found in Ref. [32]. A Fabry-Pérot laser cavity is formed between a high
reflectivity silicon DBR (DBR1, 30 periods, duty cycle 50%) and a relatively low reflectivity
silicon DBR (DBR2, 8 periods, duty cycle 50%), etched 180 nm deep into the 400nm thick
silicon device layer. The laser emission is coupled out from the laser cavity to a single mode
silicon waveguide through DBR2. Figure 2(a) shows the simulated reflection spectrum of
DBRI1 and DBR2 with a grating pitch of 435 nm. The two DBRs have a peak reflectivity of
more than 70% and 95% near 2.4 pm wavelength, respectively. The respective 3 dB bandwidth



is around 300 nm and 220 nm. In our work, we studied lasers with three different DBR pitches
(420 nm, 435 nm and 460 nm). As seen in Fig. 2(b), the reflection spectrum shifts to longer
wavelength as the DBR pitch increases. 10 nm change in the DBR pitch results in around 45
nm shift in the reflection spectrum. Here we use DBRs with different pitches to select a different
part of the gain spectrum of the III-V-on-silicon SOA.

(a)

Fig. 1. (a) Schematic of the widely tunable III-V-on-silicon laser; (b) microscope image of the fabricated
laser.

A silicon Vernier filter consisting of two silicon MRRs with slightly different radii is
implemented in the Fabry-Pérot cavity to select the lasing wavelength. The radius of MRR1
and MRR2 is 49.1 pm and 44.7 um, respectively. The different MRR radii lead to a different
free spectral range (FSR). The corresponding FSR of the two MRRs is 5 nm and 5.5 nm,
respectively. Figure 2(c) shows the calculated transmission spectra of the cascaded MRRs,
assuming a MRR quality factor Q=2000 and no waveguide loss. The transmission reaches a
maximum when the resonant peaks of the two MRRs overlap. Therefore, when incorporating
such a Vernier filter in the laser cavity the lasing wavelength is determined by this alignment
of MRR transmission spectra. More precisely, the laser emits at the longitudinal mode of the
Fabry-Pérot cavity that sees the highest transmission through the Vernier filter as shown in Fig.
2(d). The FSR of the Vernier filter is 55 nm. In order to tune the laser wavelength, a micro-
heater is integrated on both MRRs to thermally tune the overlapping resonant peak by the
thermo-optic effect.

The silicon photonic ICs are fabricated in imec’s CMOS pilot line on a 200 mm SOI wafer
with a 400 nm thick silicon device layer and a 2 um thick buried oxide layer. 193 nm deep UV
lithography is used to pattern the silicon waveguides and gratings, after which the silicon
structures are etched 180 nm deep by inductively-coupled plasma (ICP) dry etching. Then,
Si02 is deposited on the wafer and planarized by chemical mechanical polishing (CMP) down
to the silicon device layer. After silicon processing, an InP-based type-II epitaxial layer stack
is adhesively bonded on the silicon photonic IC using a 50 nm thick divinylsiloxane-bis-
benzocyclobutene (DVS-BCB) layer. Afterwards, the InP substrate is removed by HCI wet
etching. Then the III-V-on-silicon SOAs are processed in the III-V membrane. In the devices,
the III-V waveguide is encapsulated with DVS-BCB for device passivation. Detailed
information about the ITI-V processes used for realizing the heterogeneously integrated devices
can be found in Ref. [32]. After III-V processing, micro-heaters are deposited on the DVS-BCB
passivation layer. The heaters contain two levels of metal : one for the resistor and one for the
electrical tracks and pads. The first metal layer is a high resistivity layer, which consists of 100



nm of titanium and 10 nm of gold. While in the second layer, 500 nm thick gold is used. The
second metal layer overlaps with the first layer except in the metal heater spiral on the MRRs.
A microscope image of the III-V-on-silicon Vernier laser is shown in Fig. 1(b).
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Fig. 2. (a) Simulated reflectivity of DBR1 and DBR2. The inset shows the cross-section of the fabricated
DBRs; (d) dependence of the reflection spectra on the pitch of DBRI; (¢) simulated transmission spectra of
the two MRRs and Vemier filter; (d) longitudinal modes of the Fabry-Pérot cavity filtered by the Verier filter.

3. Measurement results

Fabricated III-V-on-silicon chips are mounted a temperature-controlled sample stage during
measurements. The light in the silicon waveguide couples to a standard single mode fiber
(SMF-28) through an integrated grating coupler. The measured chip-to-fiber coupling
efficiency of the grating coupler is around -10 dB at 2.35 pm, and the 3 dB bandwidth is 150
nm. The fiber is connected an optical spectrum analyzer (OSA, Yokogawa AQ6375) for laser
characterization. The OSA was used at a resolution of 0.1 nm during measurements.

3.1 SOA and Fabry-Pérot lasers

In the III-V-on-silicon chip, heterogeneously integrated InP-based type-II SOAs and Fabry-
Pérot lasers are co-processed with Vernier lasers. The III-V-on-silicon SOA has a 1000 pm
long and 3.8 pm wide gain section and is integrated on a silicon waveguide with connected
grating coupler on both sides. The gain of the SOA is extracted by comparing the fiber-to-fiber
transmission through a reference waveguide (black dots in the inset of Fig. 3(a)) and the
waveguide with integrated I1I-V SOA (red dots in the inset of Fig. 3(a)). The extracted gain
spectrum of the amplifier at 150 mA bias at 5 °C is shown in Fig. 3(a). The maximum on-chip
gain is 9.5 dB at 2340 nm. The 1 dB bandwidth of the gain spectrum is 60 nm (2310-2370 nm)
and the 3 dB bandwidth is fitted to be 120 nm (2280-2400 nm). This broadband gain spectrum
matches our previous DFB laser array results [22] and enables a widely tunable laser source
based on this III-V-on-silicon optical amplifier. By integrating two silicon DBRs (DBR1 and
DBR2) with the III-V-on-silicon SOA, a Fabry-Pérot laser is realized. Figure 3(b)-3(d) shows



the emission spectra of three Fabry-Pérot lasers with different DBR pitches under the same bias
condition. The lasing spectra are quite different, which is related to the different reflection
spectra of DBR1 as shown in Fig. 2(b). For the laser with a DBR pitch of 420 nm, a notch in
the emission spectrum can be observed around 2360 nm, which is attributed to a notch in the
reflectivity on the red side of the DBR stopband at that wavelength. The laser with 460 nm
DBR pitch shows a similar notch at 2310 nm as marked in Fig. 3(d), corresponding to the notch
on the blue side of the DBR stopband. A ~30 nm blue shift can be found by comparing the
simulated reflection spectra and lasing spectra, which can be ascribed to the non-ideally vertical
profile of the fabricated silicon gratings as shown in the inset of Fig. 2(a).
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Fig. 3. (a) Gain spectrum of the III-V-on-silicon SOA at 150 mA at 5 °C. The inset shows the fiber-to-fiber
transmission spectra of the silicon waveguide with (in red) and without (in black) integrated SOA. (b)-(d)
emission spectra from I1I-V-on-silicon Fabry-Pérot lasers with different DBR pitches. All Fabry-Pérot lasers
aredriven at 160 mA at 5 °C in CW regime.

3.2 llI-V-on-silicon Vernier Lasers

Figure 4(a) shows the on-chip light-current (L-I) characteristic of a III-V-on-silicon Vernier
laser with a DBR pitch of 420 nm and MRR quality factor of 1500 under CW operation at
different temperatures. In the L-I measurements, the device is lasing at approximately 2340 nm.
The threshold current is 85 mA at 0 °C and increases to 125 mA at 10 °C. For a laser with a 900
pm long and 5 um wide gain section, these threshold current values correspond to a current
density of 1.9 kA/cm? at 0 °C and 2.7 kA/cm? at 10 °C. The maximum on-chip output power is
1.4 mW at 0 °C and reduces to 0.4 mW at 10 °C. The kinks in the L-I curve are resulting from
mode hopping in the Fabry-Pérot cavity and will be discussed later. A high-resolution emission
spectrum of the laser biased at 150 mA at 5 °C is shown in Fig. 4(b). Single mode lasing with
a SMSR of 49 dB is achieved. The main side mode in the lasing spectrum results from the
resonances next to the overlapping resonant peak shown in Fig. 2(c). Besides in CW, the laser
is also characterized in a pulsed mode (pulse duration 1 ps, period of 100 ps). Under pulsed
operation, the laser outputs a peak power of 3.5 mW at 5 °C and 1 mW at 25 °C. The maximun



operating temperature of the III-V-on-silicon laser can be improved by further optimizing the
InP-based type-II epitaxial layer structure to enhance the carrier injection efficiency [37].
Besides, reducing the thickness of buried oxide or connecting the top heat spreader to the silicon
substrate can reduce the thermal impedance and improve the maximum operating temperature.
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Fig. 4. (a) CW L-I curve of the IlI-V-on-silicon Vemier laser with 420 nm DBR and MRRs with quality
factor of 1500; (b) a fiber-coupled emission spectrum of the Vernier laser.

For the Vermier laser, the SMSR can be improved by using MRRs with higher Q-factor. By
varying the coupling length and gap between the MRR and the bus waveguide, the Q-factor of
the MRR can be changed. In this work we studied III-V-on-silicon Vernier lasers with measured
MRR Q-factors around 500, 1500, 2500 and 5000. Figure 5(a) and 5(b) shows a typical
emission spectrum from the Vernier laser with the lowest-Q and highest-Q MRR, respectively.
The longitudinal modes of the Fabry-Pérot cavity can be clearly seen from the lasing spectrum
of the laser with the lowest-Q MRR. The SMSR is only 38 dB for this laser. When the Q-factor
increases to 5000, only one mode can be seen in the lasing spectrum as shown in Fig. 5(b). In
this case, the SMSR improves to 53 dB. However, the higher Q-factor also introduces higher
loss in the laser cavity, which results in higher threshold current and lower output power. When
the Q-factor increases from 500 to 5000, the threshold current increases from 78 mA to 130
mA and the maximum on-chip output power decreases from 1.6 mW to 0.8 mW at 0 °C.
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Fig. 5. Fiber-coupled emission spectrum of the laser with different MRRs: (a) Q-factor =500, biased at 160
mA at 5 °C; (b) Q-factor 5000, biased at 160 mA at0 °C.

The lasing wavelength of the Vernier lasers is tuned by thermally adjusting the position of
the overlapping resonant peak of the two MRRs using integrated micro-heaters. Figure 6(a)-
6(c) show CW superimposed lasing spectra and output power (indicated by the stars) of lasers
with different DBR pitches when driven at 160 mA. A CW tuning range of 30 nm is achieved
for the laser with DBR pitch of 435 nm. The tuning is realized by varying the electrical power
dissipated in the micro-heater on top of MRR2. The wavelength spacing in the tuning is
determined by the FSR of the unheated MRR. In the measurements, ~29 mW change in the
heater power dissipation leads to the ~5 nm change in the lasing wavelength, as shown in Fig.
6(d). From these figures, it can be seen that lasers with different DBR pitches are operating in
a different spectral range. The laser with DBR pitch of 420 nm is tuned from 2322 nm to 2347
nm. When the DBR pitch increases to 460 nm, the tuning range also shifts to 2337-2362 nm.
These tuning ranges match the lasing spectra of Fabry-Pérot lasers with the same DBR pitch
shown in Fig. 2(b)-2(c). The dependence of output power on lasing wavelength matches the
gain spectrum of the III-V-on-silicon SOA.
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Fig. 6. Superimposed CW lasing spectra of lasers with (a) DBR pitch of 420 nm and MRR Q-factor of 2500,
(b) DBR pitch of 435 nm and MRR Q-factor of 2500, and (c) DBR pitch of 460 nm and MRR Q-factor of
1500. All lasers are biased at 160 mA, the two lasers with the higher Q MRRs are measured at 0 °C and the
laser with lower Q is measured at 5 °C. (d) Dependence of the lasing wavelength on the electrical power
dissipated in the two MRRs of the laser shown in Fig. 6(b).

In the III-V-on-silicon Vernier lasers discussed above, the DVS-BCB spacer between the
silicon MRRs and the resistive heaters is around 1.8 pum thick. Because DVS-BCB is a low
thermal conductivity material, reducing the DVS-BCB gap can improve the thermal tuning
efficiency, which enables a wider tuning range for a given maximum affordable power
dissipation in the heaters. Therefore, we also processed another sample with 1 pm DVS-BCB
gap to get a wider tuning range. However, the lasers with MRRs Q-factor of 1500 cannot lase
in CW at 5 °C when the DVS-BCB gap reduces to 1 pm. The laser only lases when the micro-
heaters are removed from the top of the MRRs. This phenomenon indicates that the smaller
spacing introduces extra loss into the laser cavity since the overlap between the mode in the
silicon and the metal heater spiral becomes stronger. Figure 7 shows the superimposed lasing
spectra of two Vernier lasers with 1 um BCB gap in pulsed regime (pulse duration 1 ps, period
of 100 ps), for which higher peak gain is available. During measurements, both lasers are driven
at 150 mA peak current at 5 °C. 5 nm wavelength tuning requires ~20 mW change in the heater
power dissipation. The laser with DBR pitch of 420 nm can be tuned around 40 nm centered at
2320 nm. When the DBR pitch increases to 460 nm, the laser can cover near 50 nm tuning
range centered at 2350 nm. By on-chip combing the two lasers with different DBRs, a
wavelength tuning over 70 nm can be achieved. These pulsed tunable laser sources also can be
used in trace gas measurements [38,39]. To achieve such a wide wavelength tuning range in
CW operation, the DVS-BCB passivation layer can be replaced by e.g. silicon nitride, which
has higher thermal conductivity. In this case, the metal spiral heater and silicon waveguides are
optically separated while keeping an efficient thermal tuning.

Output Power (mW)
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Fig. 7. Superimposed lasing spectra (pulsed) of lasers with (a) DBR pitch of 420 nm and MRR Q-factor of
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When the Vernier laser is tuned by heating one of the MRRs, the tuning resolution is limited
by the FSR of the unheated MRR. In order to achieve a fine wavelength tuning, both MRRs
should be simultaneously heated. Figure 8 shows a wavelength tuning with a resolution of 0.3
nm over a range of about 2 nm by simultaneously tuning two heaters. Based on this tuning
method, the lasing wavelength can be precisely moved close to gas absorption lines. The tuning
resolution by heating two MRRs is still limited by the longitudinal mode spacing of the Fabry-
Pérot cavity. The overall Fabry-Pérot cavity length is 2.2 mm, which corresponds to a
longitudinal mode spacing around 0.3 nm. To continuously tune over 0.3 nm, integrating a
phase section in the laser cavity is a possible solution [33]. Here we continuously tune the lasing
wavelength by adjusting the bias current. In this method, the increase of bias current results in
a temperature increase of the gain section, which leads to increase in the refractive index of I1I-
V waveguide and effective laser cavity length. Therefore, the lasing wavelength can be
continuously tuned by varying the bias current. A contour map of the fiber-coupled laser spectra
as a function of the bias current at 5 °C is shown in Fig. 9, for a Vernier laser with MRR Q-
factor of 1500. This spectral map corresponds to the L-I curve shown in Fig. 4(a). It can be
clearly seen that 30 mA change in the bias current leads to ~0.3 nm shift in the lasing
wavelength. When the lasing mode is tuned too far from the overlapping resonant peak of the
two MRRs, the laser will hop to another longitudinal mode closer to the transmission peak of
the Vernier filter. Since the FSR of the longitudinal mode is around 0.3 nm, the laser keeps
lasing in the 0.3 nm spectral range centered at the overlapping resonant peak, as seen in Fig. 9.
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3.3 Tunable diode laser absorption spectroscopy measurement

In order to verify the performance of the III-V-on-silicon Vernier laser in TDLAS, a direct
absorption spectroscopy experiment of CO gas is carried out. A Vernier laser with DBR pitch
of 420 nm and MRR Q-factor of 1500 is used as the laser source. The light from the laser is
coupled to a single mode fiber through the on-chip grating coupler, and then coupled to a CO
gas cell using a collimator and two adjustable plane mirrors. After interaction with the CO, the
light is coupled to a YOKOGAWA OSA or a photodetector through a collimator. The 10 cm
long gas cell contains pure CO gas at a pressure of 740 Torr and is anti-reflection coated for
2.3 um wavelength to achieve an efficient optical coupling. The total insertion loss of the
TDLAS setup is around 15 dB. During TDLAS measurements, the laser is operated at 5 °C in
CW regime. By adjusting the thermal power dissipated in the heaters on top of the two MRRs,
the laser emission wavelength is moved close to absorption lines of CO. Then high-resolution
spectroscopy is achieved by continuously tuning the laser bias current. The maximum
absorption occurs around 2332 nm wavelength. In the measurements, we tune the Vernier laser
to a few absorption lines with different line intensity, including the strongest one. Figure 10(a)
shows the contour map of the fiber-coupled laser spectrum near 2337 nm wavelength after
interaction with the gas. Three absorption dips can be seen in the spectral map as the bias current
increases from 120 mA to 200 mA. The strong absorption happens when the lasing wavelength
is at 2337.4 nm. Based on the current-wavelength relationship, three measured TDLAS spectra
and corresponding HITRAN spectra are shown in Fig. 10(b)-10(d). In the measurements, the
bias current is increased with a step of 0.5 mA (Fig. 10(b)) or 1 mA (Fig. 10(c)-10(d)), which



corresponds a wavelength step of 5 pm or 10 pm. The measured absorption dip and 3 dB
bandwidth match very well to the reference HITRAN data in all of the three absorption lines.
These measurement results indicates that the performance of the III-V-on-Silicon Vernier laser
is suitable for TDLAS measurement of gases. As the absorption window of many gases (e.g.,
CHas, NH3, CO and HF) overlap with the wavelength tuning range, such a laser source has great
potential for multi-species trace gas spectroscopy.
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Fig. 10. (a) Contour map of the fiber-coupled laser spectra after the light has passed through the CO gas cell;
(b-d) TDLAS spectrum of CO gas and the corresponding HITRAN spectrum at different absorption lines.
The driven current used in the TDLAS measurements is shown in the respective figure.

4. Conclusion

We have presented widely tunable III-V-on-Silicon Vernier lasers operating near 2.35 pm
wavelength. An InP-based type-II SOA is heterogeneously integrated on a silicon waveguide
circuit providing wavelength selective optical feedback. The SOA exhibits an on-chip gain of
9.5 dB with a 3 dB bandwidth of ~120 nm centered at 2.34 um at 5 °C. In the silicon waveguide
circuit, a Fabry-Pérot laser cavity is formed between two silicon DBRs, while a Vernier filter
consisting of two silicon MRRs is integrated in the cavity to select the lasing wavelength. The
Vernier lasers can provide a single mode tuning range over 25 nm in CW regime and ~50 nm
in pulsed regime at 5 °C. We have studied lasers with MRRs with different Q-factor. MRRs
with a Q-factor of 1500 can ensure the laser tunes smoothly and has a SMSR better than 40 dB
over the whole tuning range in CW operation. High-Q MRRs lead to higher SMSR but also
result in higher threshold current and lower output power. Vernier lasers with different DBR
grating pitch are also studied in this paper since the different DBR pitch can address different
parts of the gain spectrum of the III-V-on-silicon SOA. By combining two lasers with different
pitch, a wavelength tuning coverage over 70 nm is achieved. Continuous tuning over 0.3 nm
by varying the bias current allows the measurement of sharp gas absorption lines, enabling
multi-species trace gas detection.
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