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1.   Introduction

The rapid increase in Internet traffic has been accel-
erating the growing demand for greater traffic capac-
ity in recent years. This has stimulated technical
development based on wavelength division multi-
plexing (WDM) systems, which are expected not
only to increase the transmission capacity by increas-
ing the number of channels, but also to lead to the
next-generation intelligent all-optical networks based
on wavelength switching by systems using reconfig-
urable optical add-drop multiplexers (R-OADMs)
and optical cross connects (OXCs). Various kinds of
tunable laser have been developed for the light
sources in WDM systems. For many years, these
trends have driven the studies on tunable lasers,
which are the key devices in these systems. In terms
of applications, tunable distributed feedback Bragg
(DFB) laser arrays [1]-[5] are very attractive. 

A tunable DFB laser array (TLA) with temperature-
controlled tuning that contains DFB lasers, a multi-
plexer coupler, and a booster amplifier is an attractive
candidate for practical use because the main structure

is based on the conventional DFB laser, which is
widely used in existing optical network systems. It
can provide one wavelength from a wide wavelength
tuning range when we select one DFB laser and con-
trol its temperature. The characteristics of these DFB
lasers, for example output power and lasing wave-
length, change continuously without any abrupt
change, such as mode hopping. This continuity is
important in a working optical communication net-
work system. The system can monitor the change in
laser performance due to degradations, so the light
source can alert the system before it fails. These char-
acteristics are very attractive for some applications,
especially for use as a backup light source, which
requires long-term wavelength stability but can toler-
ate relatively slow wavelength switching. However,
high output power, especially in the wavelength
range of the L-band, has been a major challenge
because a TLA uses temperature-controlled tuning of
the DFB lasers. 

In this paper, we present a widely tunable TLA with
low power consumption that is suitable for use as a
backup light source. We fabricated 12 DFB lasers
integrated with a multimode interference (MMI) cou-
pler and semiconductor optical amplifier (SOA).
These DFB lasers cover a wide wavelength range and
their wavelengths depend on the laser temperature.
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The tunable lasing wavelength range of all 12 DFB
lasers is as wide as 40.6 nm for a temperature change
of 35°C. The TLA provides a high fiber output power
of 20 mW in the L-band wavelength range. High-
temperature operation of the TLA makes it possible
to lower the power consumption to less than 2.5 W.

2.   Structure

The structure of the TLA is shown in Fig. 1. It con-
sists of an array of 12 DFB lasers, a 12 × 1 MMI opti-
cal coupler, and an SOA. The output light from each
DFB laser is introduced into the MMI coupler
through an S-bend waveguide, and the light from the
MMI coupler is amplified by the SOA. 

The DFB lasers and SOA have an active layer com-
posed of compressively strained multiple quantum
wells, which is designed to achieve low-threshold
operation in a wide range of DFB laser temperature.
A λ/4-shifted grating is formed on the DFB laser
region by electron beam lithography and wet etching
to determine the lasing wavelength precisely. The
wavelengths of the lasers are initially set roughly to
nominal values with a spacing of 3.4 nm by design-
ing the grating pitch, which corresponds to wave-
length tuning with a temperature change of 34°C. The
laser cavity length is 450 µm and the separation
between the lasers is 30 µm. After removal of the
active layer in the MMI coupler and waveguide
region, the InGaAsP layer, corresponding to an ener-
gy band gap of 1300 nm, which is effective in reduc-
ing the bending radius of the S-bend waveguide and
consequently reducing device size due to the high
refractive index, is butt-jointed to the active layer of
the DFB lasers and SOA. The DFB lasers, SOA, and
waveguide are buried by a p-n current blocking layer.
The MMI coupler size is 47 × 390 µm2. The length of
the SOA region is 1200 µm. The overall size of the
devices is 620 × 2600 µm2. The end-facets are both
coated with anti-reflection film, which reduces the
facet reflectivity to less than 0.05%. 

The chip is packaged in a 26-pin 12.7 × 20.8 mm2

standard butterfly package. A schematic diagram of
the TLA module is shown in Fig. 2. It consists of the
TLA chip, two lenses, an isolator, and a wavelength
locker. The wavelength locker is set in front of the
TLA chip and the isolator is set between the TLA
chip and wavelength locker. The wavelength locker
has two photodetectors, two beam splitters, and an
etalon filter. Small amounts of the output power are
extracted by the beam splitters and fed to the pho-
todetectors. One photodetector is used for monitoring
the output power. The second photodiode has an
etalon filter in front of it for monitoring the lasing fre-
quency. An etalon filter has periodic transmission
characteristics that depend on the wavelength, so we
can monitor the wavelength (and hence the frequen-
cy) by obtaining the signal from the photodetector.
The module includes two thermoelectric coolers
based on the Peltier effect. One (TEC1) is for con-
trolling the temperature of the TLA chip, which in
turn controls the wavelength of the TLA chip, and the
other (TEC2) is for keeping the temperature of wave-
length locker constant. 

3.   Characteristics

The lasing wavelengths of the DFB laser array can
be changed by controlling the temperature of the
TLA chip using TEC1. A temperature change of
35°C caused each DFB laser to exhibit a wavelength
change of 3.5 nm. The wavelength difference
between neighboring lasers was set to 3.4 nm so that
the 12 DFB lasers would cover a wavelength range of
over 40 nm. The dependence of the TLA module’s
lasing wavelength on temperature in the range
between 15 and 50°C is shown in Fig. 3. The chip’s
output wavelength was selected by choosing one of
the 12 lasers and setting it to the desired temperature
with the chip cooler, TEC1. In this experiment, we set
the driving currents for one DFB laser and for the
SOA to 100 mA. The center wavelength was around
1590 nm in the L-band. The total wavelength tuning
range of the TLA was 40.6 nm from 1567.6 to 1608.2
nm, which corresponds to a frequency tuning range of
4.8 THz. 

The spectrum of the TLA module is shown in Fig.
4. The 48-channel spectrum with 100-GHz (0.8-nm)
spacing shows single-mode operation with a side-
mode suppression ratio of more than 40 dB. It covers
a wavelength range of 39.6 nm between 1569.59 and
1609.19 nm, which is a frequency range of 4.7 THz
between 186.3 and 191.0 THz. In this case, the fiber
output power was kept at 20 mW over the entire tun-

DFB array MMI coupler SOA

Fig. 1.   Structure of tunable DFB laser array.
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ing range by tuning the SOA driving current (from 90
to 130 mA).

The output power of the TLA is controlled using
the SOA driving current. The relationship between
fiber output power and SOA current at room temper-
ature (25°C) is shown in Fig. 5, where I-L curves of
the 12 DFB lasers are plotted. The current to each

laser was kept constant at 100 mA and the threshold
currents of the 12 DFB lasers were 6.7–10.0 mA at
25°C. We obtained a high fiber output power of more
than 30 mW at 25°C. 

We measured the power consumption of the TLA
module for an ambient temperature range from 0 to
70°C. The total power consumption is the sum of the
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Fig. 3.   Dependence of lasing wavelength on TLA chip temperature.
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Fig. 2.   Schematic diagram of TLA module. The upper figure shows the top view of the TLA module and the lower figure
shows the cross section. 
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power consumed by the two coolers, one DFB laser,
and one SOA. 

To select the desired wavelength of the TLA chip,
we set the temperature of TEC1 while the tempera-
ture of the wavelength locker was maintained at a cer-
tain value. The temperature difference between the
TLA chip and the environment increased with the
power consumption of TEC1. The operating temper-
ature of TLA is set between 15 and 50°C. Thus, the
maximum temperature difference between the TLA
and ambient temperature is 55°C when the tempera-
ture of the TLA is 15°C. The temperature of the
wavelength locker is designed to be 45°C. Consider-
ing the fabrication tolerance, the setting temperature
can be between 30 and 60°C. Consequently, the max-
imum temperature difference between the wave-
length locker and ambient temperature is 60°C when

the temperature of the wavelength locker is 60°C.
The power consumption of the TLA module versus
ambient temperature is shown in Fig. 6. The temper-
atures of the TLA and wavelength locker were set to
15 and 60°C, respectively, which represent the worst
case. The driving currents of the DFB lasers and SOA
were constant at 100 and 200 mA, respectively. The
power consumptions of TEC1 and TEC2 changed to
maintain the temperature of the TLA chip and wave-
length locker when the ambient temperature was
changed between 0 and 70°C. The power consump-
tion of TEC1 is the dominant component in the total
power consumption of the TLA module. The highest
power consumption was less than 2.5 W at an ambi-
ent temperature of 70°C, which is not so large com-
pared with that of the conventional DFB laser mod-
ule.
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Fig. 5.   Dependence of fiber output power on SOA driving
current at room temperature (25°C).
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Fig. 4.   Lasing spectrum of TLA module with 100-GHz spacing.

Fig. 6.   Power consumption of TLA module versus
ambient temperature.
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4.   Discussion 

A TLA with temperature tuning has shown good
potential for optical transmission systems. The most
important feature of the TLA module is stable opera-
tion without any abrupt change. The barrier to
expanding its range of application beyond use as a
backup light source is its relatively slow wavelength
switching. If the switching time can be reduced, then
its applicability will be much greater. 

To shorten the wavelength switching time, current
control rather than temperature control is an attrac-
tive method for changing the lasing wavelength of the
TLA. The driving current also causes a change in
laser temperature, which produces a change in the
laser’s wavelength. This means that changing the dri-
ving current to a particular DFB laser is a useful way
to switch its wavelength. The switching time for this
scheme is a few milliseconds, which is very attractive
for applications using dynamic wavelength switch-
ing.

5.   Conclusions

We have developed a high-performance tunable
laser array. It provides a wide wavelength range of
40.6 nm in the L-band that can be controlled by
means of temperature. The power consumption is less
than 2.5 W. These results show that a high-power L-
band TLA module can be used as a widely wave-
length tunable light source.
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