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Abstract. A two-sectioned InAs/InP quantum dash laser structure is proposed and investigated
as a monolithic broadband multimodal tunable laser with an integrated semiconductor optical
amplifier. The optical power-injection current and spectral characteristics of the device at differ-
ent operating conditions demonstrated a total wavelength tunability of ∼15.8 nm in the
extended-L-band (∼1615 to ∼1630.8 nm) window with ∼2.0 times −3 dB bandwidth enhance-
ment. Furthermore, due to the unique tunability mechanism of forward biasing the amplifier
section, the device exhibits simultaneous wavelength tuning as well as optical amplification
features, with an estimated gain of ∼8.5 dB affirmed by an increase in the wall-plug efficiency
up to 6.8% from 3.9%, shown by its single-section counterpart. This demonstration paves a
potential platform for the deployment of broadband quantum-dash laser-amplifiers as unified
light sources in next-generation optical access networks. © 2020 Society of Photo-Optical
Instrumentation Engineers (SPIE) [DOI: 10.1117/1.OE.59.9.096102]
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1 Introduction

With the advent of next-generation wavelength division multiplexing-passive optical networks
(WDM-PONs), robust, flexible, and widely wavelength-tunable integrated transmitter modules
are paramount in providing high performance at low capital expenditure (CapEx) and opera-
tional expenditure (OpEx), while providing protocol transparency in addition to high data rates
with limitless scalability.1 In next-generation WDM-PONs, tunable semiconductor lasers are
believed to play a significant role in wavelength-agile networks and as a means to reduce costs
as sparing lasers.2 Moreover, the integration of lasers with semiconductor components, such as
amplifiers, modulators, and detectors, becomes increasingly necessary to reduce chip cost, sys-
tem complexity, and size.3,4 In addition to optical access networks, high performance and com-
pact tunable sources are indispensable components in applications such as hyper-space imaging,
characterization of nanostructures, and in biomedical sensing.3

In general, tunable semiconductor laser diodes exhibit single-mode emission and wavelength
tunability across the gain profile of the laser’s active region via different techniques such as
multisectioned devices,5–8 and external coupled cavities.9 On the other hand, multimode laser
diodes, which are based on Fabry–Perot (FP) cavities, are capable of providing simultaneous
emission incorporating several FP modes. Attaining wavelength tuning of such multimode lasers
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is very attractive in WDM-PONs,9 in which, rather than utilizing different broad sources to cover
different wavelength groups of optical network units/users (ONUs) wherein each FP mode is
assigned as subcarrier to each ONU, a unified tunable multimode laser could be deployed
instead, where the broad multimode emission window may be tuned to cover each group of
ONUs.10 Such a unified architecture would enable mass deployment of the transmitter sources
and contribute toward the optimization of CapEx and OpEx. This could open a new paradigm
toward realization of next-generation WDM-PONs.

In literature, several reports have demonstrated near single-mode wavelength tunability
employing external-cavity diode laser configurations that offer broad tuning ranges owing to
the wide tunability of the grating rotation angle.11 However, monolithic semiconductor tunable
sources, in the form of superstructure-grating distributed Bragg reflector (DBR), and distributed
feedback (DFB) lasers, are more attractive for being compact and monolithically integrable sol-
utions, while providing a good degree of tenability.12 However, the fabrication of such structures
often increases the laser cost significantly, which defeats the low CapEx and OpEx requirements
of next-generation passive optical networks (NG-PONs), and hence, a more concrete and cost-
effective solution is desirable for practical deployment in varied applications.

Rather than employing DFB, DBR, or grating wavelength filtering elements, semiconductor
monolithic tunable lasers could also be realized as multisectioned devices where one section acts
as a gain medium while the other section is reverse-biased to act as a saturable absorber sec-
tion,1,6 partially injected sections,5 etc., wherein the active region gain–loss relation is exploited
to attain wavelength tunability. Table 1 summarizes different reports of wavelength tunability of
semiconductor laser devices. For instance, a continuous multimode wavelength tunability of
12 nm was demonstrated in the C-band (∼1550 nm) over a two-sectioned InGaAsP/InP FP laser
diode.6 On the other hand, exploiting multisectioned devices in slotted8 and coupled-cavity13,14

Table 1 Summary of various wavelength tunability reports in literature.

Device
structure

Emission
type

Tuning
mechanism

Wavelength
window

Tunability
range

Integrated
amplifier

Material
system Ref.

QWell MM MS-IL C-band 2.8 nm No — 1

SM MS-PP L-band 12.8 nm No InGaAsP/InP 5

MM MS C-band 12 nm No InGaAsP/InP 6

SM MS-Slotted C-band 5 channels No — 8

SM CC C-band 9 channels No InGaAsP/InP 13

SM CC C-band 26 channels No InGaAsP/InP 14

QDot SM EC 1100 nm 202 nm No InAs/GaAs 9

MM MS (RB) 1100 nm 7.7 nm No InAs/GaAs 20

MM MS (RB) 1100 nm 69 nm No InAs/GaAs 11

MM MS (RB) 1100 nm 83 nm No InAs/GaAs 36

MM MS (RB) O-band 45 nm No InAs/GaAs 37

MM MS (RB) C-band 110 nm No InAs/
InGaAsP

21

QDash SM IL L-band 11 nm No InAs/InP 19

MM EC L-band 8 nm No InAs/InP 22

MM MS (RB) L-band 9.3 nm No InAs/InP 23

MM MS (FB) L-band 15.8 nm Yes InAs/InP This
work

Note: MM, multimode; SM, single mode; MS, multisection; PP, partially pumped; CC, coupled cavity; EC,
external cavity; RB, reverse bias; FB, forward bias.
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configurations, a near-single-mode wavelength tunability of up to ∼40 nmwas demonstrated on
InGaAsP/InP quantum-well (QWell) lasers.

In the past few years, self-organized quantum dot (QDot) and quantum dash (QDash) struc-
tures have received attention and have been demonstrating excellent properties, such as compact
size, low power consumption, lower threshold current, and integrability in hybrid optical-silicon
systems.15,16 More importantly, these structures are associated with ultrabroad gain profiles due
to their highly inhomogeneous sizes and compositions during the self-assembled growth
process, unlike their QWell counterparts, which is highly attractive in practical applications.17,18

Both near-single-mode and multimode tunable lasers have been demonstrated from these
low-dimensional nanostructures, as has been summarized in Table 1. For instance, employing
external cavity configurations and assisting injection-locking (IL) techniques, near single-mode
InAs/GaAs QDot and InAs/InP QDash tunable lasers with a tunability of 2029 and 11 nm19 have
been reported around 1100 and 1610 nm, respectively. On the other hand, a multimode lasing
emission tunability of ∼7.7 nm was reported in Ref. 20 at 1100 nm over an InAs/GaAs QDot
laser while a very wide tunability of 110 nm in the C-band was reported over an InAs/
InGaAsP QDot tunable laser in Ref. 21. Moreover, in Ref. 22, an optically pumped InAs/InP
QDash-based vertical-external-cavity surface-emitting laser demonstrated a multimode tuning
range of 8 nm in the L-band. Very recently, we reported a multimode wavelength tunability in
the L-band window over a two-sectioned InAs/InP QDash laser diode by reverse-biasing one sec-
tion resulting in a blueshift tunability of ∼9.3 nm.23

One of the main goals of future NG-PONs (NG-PON2 and NG-PON3) is maximizing the
per-user capacity and increasing the number of possible subscribers. One of the most promising
approaches to realize this is by unrestricting the utilizable bandwidth to the well-exhausted and
saturated C-band exclusively and rather extend it to the neighboring L-band as a natural
evolution.24 To that end, L-band QDash-based laser diodes stand out as prime candidates due
to their natural emission in the L-band window.

In this work, we exploit the highly inhomogeneous nature of a chirped barrier thickness
multilayered InAs/InP QDash structure to realize a monolithic two-sectioned semiconductor
laser diode. Contrary to other multisectioned devices in literature wherein wavelength tuning
is accomplished via reverse biasing one section, the tunability of our proposed device is carried
out by applying positive electric fields across one of the two sections. This can be uniquely
performed here owing to the highly inhomogeneous nature of the device’s chirped active region,
resulting in redshifting the emission wavelength rather than the typical blueshift effect with
reverse-biased sections. As such, the device in this work demonstrated a continuous redshift
wavelength tunability of ∼15.8 nm from ∼1615 nm, which is, to the best of our knowledge,
the largest wavelength tunability range in the mid-L-band. In addition, employing the positive
bias wavelength tuning concept has provided an added benefit of amplifying the tunable emis-
sion optical power, with a total amplification gain of ∼8.5 dB being demonstrated at a minimal
bias voltage of þ1.5 V. In addition, the structure’s inhomogeneous nature also resulted in the
added benefit of a broadened lasing emission spectrum with an observed ∼two-time −3 dB

bandwidth enhancement. Consequently, this qualifies the device under investigation here as
a monolithic two-sectioned tunable laser with an integrated semiconductor amplifier.

2 Experimental Setup

The integrated tunable laser-amplifier (ITLA) under investigation in this work is a 930-μm-long
as-cleaved (reflectivity of ∼0.33) two-sectioned QDash laser diode (QD-LD) whose active
region is a chirped four-layered InAs/InP QDash structure each comprising 5 ML of InAs
QDashes embedded within 7.6-nm-thick strained In0.64Ga0.16Al0.2As asymmetric QWell layers.
Each of the four layers is followed by In0.50Ga0.32Al0.18As QWell top barrier layers whose
thicknesses are varied among the different layers to intentionally increase the active region’s
inhomogeneity and, hence achieve broader gain profiles. In fact, by employing a 77-K photo-
luminescence (PL) analysis, this chirped barrier thickness QDash laser structure demonstrated a
linewidth (full width at half-maximum) of ∼151 nm compared to ∼104 nm from a fixed barrier
structure based on the same material system23 and undergoing identical growth conditions.
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Figure 1(a) shows an epitaxial structure of the chirped active region, whereas more details about
the device’s structure and fabrication can be found elsewhere.25 The two segments of the QD-LD
are electrically isolated with a measured isolation resistance of ∼0.4 − 0.6 kΩ. The resulting two
sections, denoted as S1 and S2, are 600- and 330-μm long, respectively, and are separated by a
20-μm-wide trench with a depth matching that of the top p-metal and p-cladding layer
(∼2.3 μm). Figure 1(b) depicts the two-sectioned ITLA alongside its biasing circuitry, where
two separate dedicated sources are employed to bias each section independently. Here, S1 was
biased via a pulsed current source (Keithley 2520, I1) with 0.5 μs pulse-width and a duty cycle of
0.2%, while S2 is simultaneously forward-biased via a continuous wave (cw) voltage source
(Keithley 2400, V2). In this configuration, S1 acts as a gain section, whereas S2 acts as an inte-
grated semiconductor optical amplifier whose gain is controlled by the applied positive voltage
V2. The temperature of the ITLAwas controlled via a thermoelectric cooler and was fixed at 15°
C to minimize the wavelength drift due to junction heating as much as possible in order to focus
on the wavelength tunability of the device due to the dynamics of the active region.

3 Results and Discussion

First, the LI characteristic curves of the ITLA were obtained and plotted in Fig. 2(a) via the S2
facet output power [the right facet in Fig. 1(b)] under different V2 settings between 0 and 1.5 V.
At first glance, two distinct behaviors can be observed between the different LI curves. For
V2 ≥ 0.6 V, a typical laser diode LI behavior can be seen, whereas a sharp discontinuity is
observed for V2 < 0.6 V at different injection current points. This sharp turn-on behavior is
a sign of a highly absorbing system with optical bistability, which has been reported previously
on two-sectioned devices.26,27 Remarkably, this point of transition in the LI behavior
(V2 ¼ 0.6 V) signifies the corresponding voltage at which S2 achieves transparency condition,

Fig. 1 (a) Epitaxial structure of the chirped active region of the ITLA and (b) an illustration of the
ITLA alongside its biasing circuit.

Fig. 2 (a) LI curve of the two-sectioned ITLA under different V2 settings. (b) The extracted I th,
dη∕dI, and optical power as a function of V2. The dashed line depicts the sharp transition after
transparency at V2 ¼ ∼0.6 V.
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that is, no photons absorbed by the material or the loss and the gain in S2 are balanced. Before
this voltage point, S2 acts as a saturable absorber that absorbs the photons that are emitted from
the gain section S1, that is, most of the emitted photons from S1, get absorbed in S2 as long as
free carriers are available in S2. However, at the transparency point and beyond (V2 ≥ 0.6 V), the
said vacancies are depleted and all the emission from S1 passes and exits from the facet of S2
either as is (i.e., at V2 ¼ 0.6 V) or amplified (i.e., for V2 > 0.6 V). In other words, the play-off
between the gain-absorption action between S1 and S2 is responsible for the bistable behavior
observed in Fig. 2(a) for V2 < 0.6 V. Nonetheless, as V2 is increased to and beyond the trans-
parency point, no more absorptions take place in S2. It is worth mentioning that the transparency
voltage point V2 ¼ 0.6 V is in good agreement with the ∼0.59 V value extracted from the fitting
of the threshold current density versus inverse cavity length30, thus affirming the consistency of
our analysis.

Furthermore, as V2 is increased from 0 to 1.5 V, both the optical power (Po) and differential
external quantum efficiency (dη∕dI) increase while Ith decreases, as shown in Fig. 2(b). This
comes as no surprise since larger positive V2 values result in a reduced system loss until 0.6 V
and after that complement the system gain, and hence the earlier onset of lasing. Moreover, a
sharp transition at the transparency point is visible in Fig. 2(b) and is indicated by a dashed line at
V2 ¼ 0.6 V. Note that before transparency, both Po and dη∕dI increased steadily, followed by a
sudden jump in the rate of improvement at the transparency point and later retaining it. On the
other hand, an opposite effect is observed in the trend of the threshold current, which is a clear
indication of a slowly reducing loss and then an increasing gain from S2, thus assisting in reach-
ing the overall system gain threshold earlier.

As pointed out earlier, typical two-sectioned semiconductor tunable sources achieve the
wavelength tunability by reverse biasing one of the two sections to act as a saturable absorber
section whose absorption is altered with reverse biasing, leading to variation in the gain–loss
relation of the system, thus blueshifting the emission spectrum. However, due to the quasi zero-
dimensional and overlapping density of states (DOS) of the highly inhomogeneous nature of the
ITLA’s QDash-active region, wavelength redshift tunability is achieved here by virtue of the
collective effect of various phenomena such as junction temperature-dependent thermionic emis-
sion and carrier leakage, which all have been previously investigated in great detail.25 To inves-
tigate the tunability of the ITLA, the emission spectra were obtained between 1600 and 1640 nm
at 15°C under different V2 values. Figure 3(a) shows the measured spectra at V2 ¼ 0, 0.6 (trans-
parency), and 1.5 V for a fixed current injection condition of 1.1 Ith for each case for the sake of
comparison under matching operation conditions. The multimodal multipeak nature of the
observed at 0 and 1.5 V is a common observation in inhomogeneous QDash28 structures owing
to the complex carrier dynamics of the inhomogeneous QDash-active region that includes pho-
ton reabsorption, phonon-assisted tunneling, carrier feeding mechanism, etc. As Fig. 3(a) dem-
onstrates, increasing V2 results in redshifting the central emission wavelength (calculated as the

Fig. 3 (a) Emission spectra of the ITLA at a current injection of 1.1 I th, at a temperature of 15°C
and under different V2 values. The spectrums are offset along ordinate for a better view.
(b) Summary of the observed redshift and bandwidth of the spectra of the ITLA as functions
of V2 for 1.1 I th (solid lines) and 1.5 I th (dashed lines).
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midpoint between the −3 dB points) of the ITLA. Figure 3(b) summarizes these trends as func-
tions of V2. For instance, as V2 is increased to 1.5 V, the emission redshifts from ∼1615 to
∼1630.8 nm amounting to a total of ∼15.8 nm, which, to the best of our knowledge, is the
highest continuous tunability range reported in the L-band. The redshifting phenomenon is
attributed marginally to the device junction heating and chiefly to the reduced loss of the system
with increasing V2. This is ascertained by following the methodology presented in Ref. 25,
where the worst-case (assuming entire electrical power dissipated into heat) junction temperature
(Tj) rise in S2 due to the cw injection is calculated to be ∼8.3°C, resulting in an estimated small
wavelength redshift of ∼1.6 nm, whereas S1 exhibits almost no rise in Tj owing to the very small
duty cycle (0.2%) pulsed injection.

Furthermore, in the following, we qualitatively shed light on the observed redshift wave-
length tunability phenomenon. The threshold gain (gth) of a laser is given as gth ¼ αi þ αm,
where αi is the internal optical losses of the active region due to scattering and absorption, etc.,
while αm represents the mirror losses of the cavity, which is fixed for the ITLA. When forward
biasing the amplifier section S2, the onset of lasing can be achieved at a lower current, as
observed in Fig. 2. Consequently, if a typical less-inhomogeneous QDash-active-region-based
ITLA is considered, the gain peak and, hence the lasing spectrum do not experience much wave-
length shift with increasing V2 values owing to the narrow transition energy band distribution of
the QDashes (i.e., dashes with similar heights). Hence, any observation of wavelength redshift in
such a case is attributed to heat-induced QDash transition energy shrinkage due to the junction
temperature rise. On the other hand, if a highly inhomogeneous QDash-active-region ITLA is
considered (i.e., the present work) with widely distributed dash transition energy states, the onset
of lasing considerably alters the lasing spectrum. In this case, for smallerV2 values, the gain peak
and hence the lasing wavelength experience a blueshift due to the higher system losses since
achieving gth of the system requires carrier recombinations from higher transition energies (i.e.,
from smaller dashes with larger heights) after filling the lower transition energies (i.e., larger
dashes with smaller heights) to compensate for these losses. This results in a lasing emission at a
shorter wavelength. However, larger V2 values reduce the system losses and enable reaching the
onset of the lasing from carriers occupying relatively lower transition energy states of larger
dashes first, thereby lasing at longer wavelengths. Hence, a redshift in the lasing emission is
observed with increasing V2, which is highly possible in the existing ITLA.

Furthermore, the wavelength tuning of the ITLAwas also accompanied by a −3 dB bandwidth
broadening from∼5.6 to∼8.9 nm at 1.1 Ith case, on increasingV2 from 0 to 1.5 V, as summarized
in Fig. 3(b). Remarkably, at a higher injection current of 1.5 Ith, this broadening effect is found to
be stronger, increasing from ∼9.5 (V2 ¼ 0 V) to ∼21 nm (V2 ¼ 1.5 V), thus translating to a
∼11.5-nm broadening. In general, emission from more fringe larger dashes on the size distribution
may achieve population inversion due to the decreasing system losses in addition to a more uni-
form carrier distribution across the dashes, possibly due to slight thermionic emission, resulting in
more wavelength components to emerge and ultimately broadening the emission spectrum.29 The
above phenomenon further intensifies at higher current operation, thereby enabling simultaneous
lasing from larger as well as smaller dashes, thus, further broadening the emission bandwidth.30

With that said, it is worth pointing out that a similar kink in both trends can be observed at the
transparency point, indicating the swing in the operation of the device.

Owing to the unique method of achieving wavelength tunability of the device under inves-
tigation here (i.e., via forward biasing), S2 also acts as an integrated semiconductor optical
amplifier that provides amplification to the lasing emission generated in S1. This is evidenced
by the higher measured optical powers of the ITLA for larger V2 values from Fig. 2(a). In liter-
ature, such an integration of an optical amplifier in a multisectioned device configuration has
been demonstrated over a DBR InAs/InP QDash mode-locked laser in the C-band (∼1545 nm)
with an effective gain of ∼10 dB.31–33 To estimate the amplification action here, the effective
gain of S2 is calculated as the ratio between the optical power (Po) at any applied driving voltage
V2 and the optical power at transparency (Pt), which is expressed as geff ¼ Po∕Pt. As such, the
effective gain of the ITLA was obtained for V2 values that are above transparency, namely 0.9,
1.2, and 1.5 V, and is plotted in Fig. 3(a) as a function of I1. It can be seen that geff of the ITLA
saturates around I1 ¼ ∼175 mA for all V2 values. Figure 4(b) plots the effective gain at this I1
value as a function ofV2. A maximum geff value of 8.5 dB is achieved atV2 ¼ 1.5 V. Moreover,
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a closer observation of the trend shows that the effective gain provided by S2 has not reached
saturation, and hence is expected to provide even more effective gain with V2 > 1.5 V. This is
due to the features of QDashes that are in between QWells and QDots with relatively larger active
region volumes as well as exhibiting quasi zero-dimensional DOSs that enabled the attainment of
high effective gain at small applied voltage values.

The amplification taking place in S2 originates from the increase in geff via stimulated emis-
sion as the optical mode travels through the active region of S2 and contributes to the optical
transition of the electrically injected carriers in the conduction band.34 Much like semiconductor
amplifiers, geff depends on the injection current. The stimulated photons possess transition ener-
gies matching that of the original optical signal, thus amplifying the optical signal with the same
wavelength components.35

Figure 5(a) depicts the voltage versus current (I − V) curves of both sections of the ITLA,
namely S1 and S2. Due to its smaller size, it can be observed that the measured voltage across S2
is considerably greater than the measured value across S1 at any given injection current value.
Next, the I − V data were used to obtain the total electrical input power of the ITLA as PE ¼
I1V1 þ I2V2. Then, the wall-plug efficiency (WPE) of the device is obtained asWPE ¼ Po∕PE,
where Po is the output front-facet optical power of the ITLA. As such, Fig. 5(b) shows the
obtained WPE of the ITLA for different V2 values above the transparency point. When compar-
ing Figs. 4(b) and 5(b), it is noteworthy that the ITLA’s WPE exhibits a very similar trend to that
of the geff with increasing V2, which is expected as geff essentially dictates the amplification, and
hence the front-facet output power of ITLA.

Fig. 4 (a) The effective gain of the ITLA as a function of I1 for different V2 settings. (b) The satu-
rated effective gain of the ITLA at I1 ¼ 175 mA as a function of V2.

Fig. 5 (a) Voltage versus current (I − V ) relations of S1 and S2 of the ITLA and of the single-
section case. The inset of (a) shows the 1.5 I th emission spectrum of the single-section case.
(b) The WPE of the ITLA as a function of V2 and of the single-section case as a function of
Vs. (c) The WPE of the ITLA and single-section device under identical input electrical powers.
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Next, both sections of the ITLAwere electrically shortened together to be uniformly injected
by a single current source. In this configuration, the device acts as an ordinary single-section
930-μm-long laser diode in which the whole cavity acts as an active region. Figure 5(a) shows
the measured I − V curve of this single-section device. The inset of Fig. 5(a) shows the 1.5 Ith
emission spectrum ITLA single-section case showing a −3-dB bandwidth of ∼5.8 nm.
Thereafter, the WPE of the single-section device is compared with the ITLA to investigate the
amplification effect.

This is carried out by operating the single-section device at various current values Is ¼ I1 þ
I2 as a function of I2 and hence V2, which would be identical to the total current (I1 þ I2) oper-
ation of the ITLA, and measuring the corresponding single-section voltage (Vs). Finally, the
electrical power of the single-section device is found by PE;s ¼ IsVs. As such, Fig. 5(b) shows
the obtained WPE of the single-section case against each Vs value corresponding to each V2

setting of the ITLA while both the devices operate at identical total injection current.
Interestingly, the effect of the amplification action in the ITLA can be witnessed and verified
by the higher observed WPE of the ITLA compared to the single-section case. For instance, a
WPE of 6.8% was measured from the ITLA (I1 ¼ 175 mA, V1 ¼ 1.37 V, I2 ¼ 105 mA, and
V2 ¼ 1.5 V), while the single-section case showed a WPE of 3.9% when operated at the same
total current of Is ¼ I1 þ I2 ¼ 280 mA with a measured Vs of 1.564 V. In other words, with the
aid of the integrated semiconductor optical amplifier section, the ITLA is able to generate more
photons than the case when it is operated as a single-section device injected with the same elec-
trical current. This is further affirmed by examining the WPE efficiency of both the ITLA and its
single-section counterpart under identical electrical input powers, which is depicted in Fig. 5(c).
As expected, the ITLA showed significantly higher WPE for any given input power than the
single-section device. For instance, a WPE of ∼6.8% was obtained from the ITLA under an input
electrical power of 397 mW, while the single-section device showed ∼3.5% under the same
electrical input power. This indicates that more photons are able to eject from the ITLA com-
pared to the single-section device under any input power, signifying the effect of the amplifi-
cation action, owing to the integrated semiconductor amplifier section.

4 Conclusion

We investigated a two-section InAs/InP quantum-dash laser as a tunable laser with an integrated
semiconductor optical amplifier. A large redshift wavelength tunability, reaching a value of
∼15.8 nm in the extended-L-band wavelength window with ∼2.0 times improvement in the
emission bandwidth broadening, is demonstrated. Moreover, the amplifier section exhibited
an effective gain of as high as ∼8.5 dB in addition to controlling the wavelength tunability
at 1.5 V forward bias voltage. Furthermore, the amplification action of the ITLA was verified
in the form of a significant increase in the WPE (6.8%) when compared to a single-section device
of the same length operated at the same injection current (3.9%). Thus, these results reinforce the
potential of employing this unique two-sectioned device as an ITLA light source in WDM opti-
cal access networks providing wavelength tunability as well as optical power amplification con-
currently in the extended L-band region.
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