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Abstract: A method to get balanced output power of a current-controlled in-line semicon-
ductor laser based on REC technique is investigated. By mapping the contour lines of the
P-I contour diagram of this in-line tunable laser into the wavelength-current contour map,
the maximum output power and the tuning curve is obtained. Numerical studies are carried
on under linear and quadratic relations, as well as an experiment measurement. Results
shows it’s a feasible method to find the maximum output power and obtain working currents
for the current-controlled in-line semiconductor lasers.

Index Terms: Diode laser arrays, distributed feedback lasers, tunable lasers.

1. Introduction
Tunable lasers can be used widely in future functional optical systems such as wavelength division
multiplexing (WDM) systems and reconfigurable optical add-drop multiplexers (RODAMs). [1]
While various methods have already been proposed to achieve semiconductor wavelength tunable
laser devices [2]–[6], the cost is now a major factor decides which device can be widely used
in commercial market. In-line multi-wavelength laser array is also a device proposed to realize
a tunable laser [7], [8], with reconstruction-equivalent chirp (REC) technique, the fabrication of
such multi-wavelength array can be simplified and the cost can be lowered [9]–[12]. Recently, an
in-line tunable laser employs only current tuning has been demonstrated [13]. Via changing the
driving current and switching laser, continues tuning range of ∼12 nm is achieved, provides a
potential approach of the very low cost tunable laser. Moreover, the wavelength switching time
is several tens of milliseconds, which is also very important for the ultra-wideband applications.
However, changing the driving current will lead a variation of output power, and it is not favored in
communication systems. Thus a power adjusting component is also needed for this current tuned
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Fig. 1. (a) Schematic and (b) microscope image of a multi-electrodes DFB tunable semiconductor laser
with SOA.

laser, and monolithic integrated semiconductor optical amplifier (SOA) is a common choice. In real
devices, the integrated SOA itself also has a heating effect, which will change the output wavelength
while adjusting the output power. Till now no attention has been paid on the characteristic of
such current-controlled in-line semiconductor laser and its current tuning algorithm. So in this
work we further studied the control algorithm of the current applied on SOA and working laser
based on our REC in-line tunable lasers. The applied driving currents are obtained by two contour
diagrams, from which maximum output power can also be predicted and a tuning curve can be
obtained for determining the driving current of the laser and SOA. The results provide an important
characterizing method and control algorithm for such in-line, current-controlled semiconductor
laser.

2. Method and Numerical Studies
The schematic and the microscope image of a multi-electrodes distributed feedback (DFB) tunable
semiconductor laser with SOA are shown in Fig. 1. The designed inter spacing between adjacent
lasers is 3.2 nm. Both front and rear end facets are anti-reflection coated, and the waveguide of
the front end is tilted (10°) to further reduce the reflection. The minimum reflection can be found
at the tilt angle of 10° by simulating the fundamental TE mode profile of the slab waveguide. The
power reflection coefficient is obtained from means of the mode width parameter with the Fresnel
reflection coefficient. [14] In such in-line laser array, when the working laser is not the closest one to
the output facet, the lasers in front of it needs to be applied a current to compensate the propagation
loss and such current is called transparency current. In our test, the transparency current of front
laser keeps 25 mA. The common tuning method is relative simple, which is, changing the driving
current of the working laser to change the output wavelength, and meanwhile tuning the driving
current of the SOA reversely to balance the output power. A major characteristic value of this
tunable laser is the maximum output power that can be obtained in continues wavelength tuning.
For larger output power needs a larger driving current, the available tuning range will be reduced
by the smaller current tuning range. So it is necessary to find out a proper output power.

Firstly, an ideal condition is considered, and in this circumstance the power and wavelength
variation is assumed to change linear with injection current. In the tuning, only the driving current
of the working laser and the SOA are adjusted, so the output power P and the wavelength λ can
be written as a function of the driving current ISOA and In, which refer the current applied on SOA
and the nth laser respectively:(

P
λ

)
=

(
a b
c d

) (
ISOA

In

)
+

(
P0

λ0

)
(n = 1, 2, 3) (1)

In equation (1), a, b, c and d are the coefficient in the linear assumption. Usually, a > b, c < d, for
the current directly applied on the working laser will cause a more effective changing in the output
power and wavelength than that applied on SOA. According to our previous test, the coefficients a,
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Fig. 2. (a) Output power and (b) wavelength with mapped power contour of LD1of tunable laser with
different current in linear situation.

Fig. 3. Linear wavelength-current contour map of all three in-line lasers, mapped with linear P-I contour
lines.

b, c and d are taking the value of 0.014 mW/mA, 0.0028 mW/mA, 0.01 nm/mA, and 0.026 nm/mA,
respectively. Then, when the current tuning range of SOA is 20-100 mA, and that of working laser
is 30–170 mA, the output power and wavelength within the tunable range of LD 1 are shown in
Fig. 2.

In this linear situation, the maximum wavelength range could get with ISOA from 50 to 100 mA
and I1 from 30 to 170 mA as the area between two dash lines (Fig. 2). The highest power lever is
about 1.48 mW (upper dash line in Fig. 2(a)) with ISOA = 100 mA and I1 = 30 mA. In this case, the
wavelength tunable range is 3.2 nm from 1553.8 to 1557.0 nm, which matches lasers’ inter spacing
3.2 nm, and contains 9 channels for LD1 with 50 GHz channel spacing (Fig. 2(b)). For an in-line
array with three lasers, the tuning curve is shown in Fig. 3. The maximum available output power is
the up-most P-I line that can go through all wavelengths, which are represented by different colors
in the contour map. Then, the value of maximum output power obtained here is about 1.4 mW.

In practical device, large laser power and high temperature will cause a saturation of the P-I
relation. The optical output power of the proposed laser versus the injection currents of the LD1 and
the SOA is measured for our tunable laser, and is shown in Fig. 4. It is found that for small-injection
currents less than 90 mA, the output power increased. Whereas for large-injection currents above
100 mA, the output power decreased. In other words, the output power is saturated and even drops
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Fig. 4. Measured P-I relation of current-tuned in-line semiconductor laser (a) P-I curve of LD1 under
different ISOA value; (b) P-I curve of SOA under different I1 value.

Fig. 5. (a) Output power and (b) wavelength with mapped power contour of LD1 of tunable laser with
different current in quadratic simulation.

at high-injected current. A maximum output power of about 1.5 mW is achieved under I1 and ISOA.
both of 90 mA. This is due to the gain saturation and thermal effect in the SOA. Furthermore, the
in-line structure reduces the thermal conductivity to enlarge the heating effect of the LD1 under the
high-driving current of the SOA. The P-I curve will saturate and even decrease more rapidly under
larger driving current of the SOA. We note that this faster degradation of the P-I curve of ISOA =
110 mA is expected to be fundamentally different from that of the others. So the curve of ISOA =
110 mA in Fig. 4(a) is pretty abnoral from the others. In this situation, linear relation can’t give a
proper result. Because of the saturation and power decreasing caused by over-heat, the P-I curve
is usually appears like a quadratic curve.

So further discussing using a quadratic relation to describing the relations in output power P,
wavelength λ, the current of SOA ISOA and the current of the working laser In. The relation is
written as: (
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Then the output power and wavelength within the tunable range of LD1 are shown in Fig. 5.
Obviously, the quadratic relation produces eclipse-shaped contour lines. The tuning curve can

be obtained by mapping the contour lines in Fig 5(a) into the Fig 5(b), and then the corresponding
points along the same mapped line will have the same output power, while the output wavelengths
are different along it. So the tuning curve can be determined. These figures also show that in a
quadratic relation, the wavelength tunable range decreases with the increasing of the output power
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Fig. 6. The total mapped contour of output power and wavelength of in-line tunable laser in quadratic
simulation.

Fig. 7. The total mapped contour of output power and wavelength of in-line tunable laser in the
experiment.

more rapidly. So there is a smaller maximum output power for continues wavelength tuning than
linear assumption, and beyond this power value, the current tuning cannot cover all wavelength in
the tuning range.

To get the maximum output power for all three in-line lasers, the wavelength contour maps of all
three lasers are put together as shown in Fig. 6. The contour lines that represent different power
values are also mapped into them. The maximum power that covers all available wavelength is the
maximum power of the tunable laser, and in Fig. 6 it is found to be about 1.0 mW (marked by black
round dots in Fig. 6). The output power larger than it cannot cover all the wavelengths in the whole
tunable range. The proper driving currents for any wavelength channel are also obtained, and the
point corresponding to the applied current should be on the contour line represents the maximum
power value.

3. Experiment Results
In experiments, the contour maps are obtained by separate P-I measurements and wavelength-
current measurements, and the diagram of one real in-line tunable chip is shown in Fig. 7.
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Fig. 8. Measured (a) spectra with SMSRs and (b) output power of 23 channels with 50 GHz channel
spacing of proposed tunable laser.

Fig. 9. Stability of the output power of the proposed tunable laser within 24 hours.

From Fig. 6, the numerical contours of all three in-line lasers are carried out under the same
P-I and wavelength-current condition to study the balanced output power with the maximum power
value. So the wavelength and output power spacing is the same throughout all three in-line lasers
for the idealized model in the simulation. The numerical contours are quadratic. But the wavelength
and output power spacing of the experimental contour in Fig. 7 is different from each other. The
wavelength contour of LD2 and LD3 are more vertical than that of the LD1 in the experimental
contour, because the wavelength of LD2 and LD3 are affected less by the heat generated in SOA
part than that of LD1. The output power contour of LD3 is sparsest of those of all three in-line
lasers. This is because of the most absorptive dissipation of LD3 to throughout all the waveguide
of in-line tunable laser than those of LD1 and LD2. The maximum output power and tuning curve
still can be obtain form the contour maps, which is marked by the black dots in the figure. These
results indicate that the real power and wavelength contours are neither linear nor quadratic.

This wavelength tunable range contains 23 channels with 50 GHz channel spacing from
1554.136 to 1563.048 nm (192.9–191.8 THz) for the current-controlled in-line semiconductor laser,
and the maximum power is available for all channels is about 0.4 mW here. All channels are found
out from the diagram and the corresponding spectrums, side-mode suppressing ratios (SMSRs)
and the balanced output power are shown in Fig. 8. The output power from the proposed laser was
connected to an ILX Lightwave OMM-6810B power meter. It shows how the laser output power will
vary over the course of 24 hours in Fig. 9. Long term power stabilities of LD1, LD2 and LD3 are
within ± 0.03 dB, ± 0.029 dB and ± 0.03 dB, respectively.
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4. Conclusion
By mapping the contour lines of the P-I contour diagram of this in-line tunable laser into the
wavelength-current contour map, the maximum output power and the tuning curve are obtained.
Numerical studies are carried on under linear and quadratic assumptions. In linear situation, the
tuning curve is simple along a slope line and in quadratic situation it is along the arc shaped curve.
Maximum available output power is obtained from up-most P-I contour line that can go through each
wavelength-current contour diagram, from the very left to the very right. Experiments are carried on
a real in-line three laser array and results show it’s a feasible method to find the maximum output
power and obtain working currents for the current-controlled in-line semiconductor lasers.
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