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The introduction of Wavelength Division Multiplexing 
(WDM) technologies at the beginning of this century 
greatly increased the transmission capacity of optical 
communication systems. Initially, fixed wavelength light 
sources were used, but they have been replaced by tun-
able lasers1). The practical application of widely tunable 
lasers that can oscillate at any wavelength in the wave-
length band used, for example C band, has eliminated 
the need for an inventory of spare optical transceivers for 
the number of wavelengths needed as a backup in case 
of failure in the fixed wavelength case. Therefore, instead 
of fixed wavelength light sources, tunable lasers rapidly 
have become popular. At that time, the standard for the 
subassembly Integrable Tunable Laser Assembly (ITLA) 
that adds a control circuit to a tunable laser, was estab-
lished by the Optical Internetworking Forum (OIF)2), and it 
has become popular as a standard interface.

In the 2010s, when the transmission speed per wave-
length exceeded 10 Gbit/s, a digital coherent optical 
communication technology has been introduced. Since 
the coherent optical communication uses the phase infor-
mation of light, the phase noise must be small. In other 
words, a narrow spectral linewidth is required. In order to 
meet this requirement, efforts have been made to narrow 
the linewidth of various tunable lasers. In addition, in 

recent years, there has been a movement to introduce 
digital coherent optical communication systems not only 
for long distance communications but also for short dis-
tance metro/access areas and inter-data centers, which 
requires miniaturization and low power consumption of 
light sources. For example, progress is being made in the 
development of compact light sources that can be 
installed in compact pluggable optical transceivers such 
as the Octal Small Form-factor Pluggable (OSFP) and the 
Quad Small Form-factor Pluggable Double Density 
(QSFP-DD).

We have been developing ITLAs for digital coherent 
optical communications that meet these requirements for 
high performance, compact size, and lower power con-
sumption. Until now, we have developed a micro-ITLA 
using an Arrayed Waveguide Grating-Distributed 
Reflector (AWG-DR) laser array type tunable laser, which 
is monolithically integrating the AWG multiplexer in a DR 
laser array that integrates a DFB laser and a DBR. Also, 
we have developed a nano-ITLA using a DBR/ring type 
tunable laser, which is a monolithically integrating a ring 
reflector behind the gain area and a DBR and a 
Semiconductor Optical Amplifier (SOA) in front of the gain 
area for smaller pluggable optical transceivers. We will 
report on the structure and characteristics of these devic-
es. In addition, we have started to study an external cavi-
ty laser in order to realize an ultra-narrow linewidth light 
source with a linewidth of 50 kHz or less, which is 
required for the next generation optical communication. 
We will also report on its progress.

1. INTRODUCTION
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We have been developing narrow spectral linewidth integrable tunable laser 
assemblies used for digital coherent optical communication systems. In order to 

apply coherent optical communication technologies to communications for such as short dis-
tance metro areas, inter-data center, etc., a compact and low power consumption wavelength 
tunable laser source that can be installed in pluggable optical transceivers, etc. is required.  
In addition, an expansion of the wavelength bandwidth from the original C band to the extended 
C band and L band is required. In order to meet these requirements, we have been developing 
Distributed FeedBack (DFB) laser array type tunable lasers and tunable lasers monolithically inte-
grating the Distributed Bragg Reflector (DBR) and the ring reflector. In addition, we have started 
to study ultra-narrow spectral linewidth tunable lasers for the next generation ultra-high speed 
and large capacity systems. In this paper, we will introduce the status of these developments.
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2. PERFORMANCE REQUIRED  
FOR WAVELENGTH TUNABLE LASERS

At first, we will describe wavelength tuning range, optical 
output power, and linewidth, which is the basic perfor-
mances required for tunable lasers.
2.1 Tuning Range and Optical Output Power
As a tunable laser, the most basic specification is the tun-
ing range. Basically, the laser should be able to cover the 
entire wavelength/frequency grid used in WDM optical 
communication systems. Of course, it must operate in 
both single longitudinal and transverse modes, and the 
Side Mode Suppression Ratio (SMSR) must be 45 dB or 
more. For the conventional C band (1529 to 1567 nm), 
the tuning range to cover the entire band (about 100 
channels on a 50 GHz grid) is about 40 nm. However, in 
recent years, the demand for extended C band (1524 to 
1573 nm, wavelength bandwidth approx. 50 nm) and  
L band (1565 to 1625 nm, wavelength bandwidth approx. 
60 nm) has also emerged to expand the transmission 
capacity. Since the gain bandwidth from inter-band tran-
sitions in semiconductors is relatively wide, it is not too 
difficult to cover these many wavelengths.

For the optical output power, the fiber output power of 
about 15 to 19 dBm is required. Long distance communi-
cations using Erbium-Doped Fiber Amplifiers (EDFAs) do 
not require so much optical output power, but rather high 
output power characteristics may be required for relative-
ly short distance systems that do not use EDFAs.
2.2 Linewidth  

– Laser Structure Design for Narrow Linewidth
We mentioned the importance of linewidth as a light 
source for digital coherent optical communications. In the 
first practical 25 Gbaud polarization multiplexed 
Quadrature Phase Shift Keying (QPSK) system with  
100 Gbit/s per wavelength, the typical linewidth specifi-
cation was 500 kHz or less. Later, however, since the 
multi value degree, such as 16 Quadrature Amplitude 
Modulation (QAM), and the high baud rate have been pro-
gressing, the linewidth specification has become stricter. 
Currently, the linewidth of 100 to 300 kHz or less are 
often required. 

In this section, we will explain the linewidth. The line-
width Δν of a semiconductor laser is expressed by the 
theoretical formula of Schawlow-Townes, modified by 
Henry3),

  (1)

where vg is the optical velocity in the laser medium, nsp is 
the inversion distribution parameter, q is the elementary 
charge, αm is the mirror loss, αi is the internal loss, I is the 
operating current, and Ith is the threshold current. ηi is the 
internal quantum efficiency, Kz is the Petermann factor,  
α is the chirp parameter. Γz is the confinement factor for 
the active area in the total laser cavity, and is expressed 
by

  (2) .

Where, La and Lp are the lengths of the gain area and 
the external waveguide, respectively, na and np are their 
equivalent refractive indexes for each, and fext is the opti-
cal coupling coefficient between the gain area and the 
external waveguide. 

Using the above equation, the linewidth ∆ν is calculated 
for the mirror loss αm and the result is shown in Figure 1. 
In the case of a DFB laser, Γz=1, but in a configuration in 
which an external waveguide or external resonator is inte-
grated, Γz<1. In the case of a DFB laser, the mirror loss 
can be reduced by increasing the cavity length. An exam-
ple of changing the cavity length L of a λ/4 shifted DFB 
laser is shown in the figure (Γz=1). By extending the cavity 
length from 450 µm to 1200-1500 µm, the mirror loss can 
be reduced from 52 cm–1 to 15-20 cm–1, and this indi-
cates that the linewidth of 1 MHz or more can be reduced 
to 300 kHz or less. In an external cavity laser, the line-
width is narrowed in proportion to the square of the active 
area confinement factor Γz. This is because a spontane-
ous emission light, which is the source of noise, does not 
mix with the laser light in the external waveguide portion. 
For example, when Γz is set to 1/3, it is possible to reduce 
the linewidth by about one order of magnitude even with 
the same mirror loss. Therefore, it can be said that the 
external cavity laser has a structure that makes it easy to 
narrow the linewidth.

3. ARRAY TYPE WAVELENGTH  
TUNABLE LASER

3.1 DFB Laser Array 
We, at first, developed a DFB laser array type tunable 
laser4) and have been improving its performance based 
on its structure. The DFB laser array achieves a wide tun-
ing range by monolithically integrating multiple DFB 
lasers with different wavelengths. For example, if the tem-
perature of a DFB laser is changed by 35°C, the wave-

Figure 1 Calculated values of the spectral linewidth.
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length changes by about 3.5 nm, so if 12 lasers with 
wavelengths differing by 3.5 nm each are used, a wave-
length tuning width of 3.5 x 12 = 42 nm can be obtained. 
The narrow linewidth of the DFB laser array was first 
achieved by increasing the cavity length. As explained in 
the previous chapter, the linewidth can be reduced as 
well as the mirror loss αm by lengthening the cavity. In the 
Intensity Modulation-Direct Detection (IM-DD) system 
with a transmission rate of 10 Gbps, since there was no 
linewidth requirement, a resonator length of 400 to 500 µm 
was used and the linewidth was around 2 MHz. For digital 
coherent optical communications, the cavity length has 
been extended to approximately 1200 to 1500 µm, and 
the linewidth of 300 kHz or less has been achieved5), 6).
3.2 AWG-DR Laser Array 
As the multi-value degree of multi-level modulation 
increases from QPSK to 16 QAM and 64 QAM in order to 
increase the signal speed, the linewidth of 100 kHz or 
less became a requirement. In order to meet this issue, 
we have developed an AWG-DR laser array chip, which is 
monolithically integrating further an AWG multiplexer in 
front of a DR laser array that integrates a DBR behind a 
DFB laser, as shown in Figure 2 (a)7), 8).

By integrating the DBR behind the DFB laser to form a 
DR laser array structure, the mirror loss and threshold 
current are reduced, and a narrower linewidth has been 
achieved. The AWG is monolithically integrated as a mul-
tiplexer that combines the optical output from this DR 
laser array into one optical path. Conventional DFB laser 
arrays use an M x 1 Multi-Mode Interferometer (MMI) as a 
multiplexer, but while the MMI has a low wavelength 
dependence, there was an issue to cause theoretically a 
1/M combining loss. Monolithically integrated AWGs can 
achieve higher coupling efficiency by taking advantage of 
wavelength selectivity, and a higher output power can be 
achieved by increasing the optical input power to the 
SOA. Figure 1 shows the design values of the AWG-DR 
laser, which is expected to have a linewidth of less than 
100 kHz, corresponding to the reduction of the mirror loss 

and the threshold current.
In a tunable laser module using this AWG-DR laser 

array chip, as shown in Figure 2 (b), the SOA is separated 
from the laser chip as a separate chip, and an isolator is 
inserted between them to prevent the linewidth degrada-
tion caused by the spontaneous emission light from the 
SOA being mixed into the laser chip. In addition, the fact 
that the SOA can operate at low temperature by control-
ling independently from Laser chip is also contributing to 
the high output. 

Figure 3 shows the optical output characteristics of the 
AWG-DR laser array type wavelength tunable laser mod-
ule overlaid for 16 lasers, and Figure 4 shows the line-
widths of each laser at the maximum and minimum oper-
ating temperatures. The fiber optical output of 19 dBm or 
higher and the linewidth of 100 kHz or lower are 
achieved8), 9). Since a DR laser array that does not jump in 
principle is used, features of excellent controllability and 
reliability are obtained. Using an AWG-DR laser array 
module, we have developed a micro-ITLA with the control 
circuit described below, and it is being used in an actual 
system. Since the AWG-DR laser array module performs 
wavelength tuning by controlling the laser chip tempera-
ture with a ThermoElectric Cooler (TEC), the laser chip 
needs to operate in a wide temperature range. Therefore, 
there are some disadvantages with the power consump-
tion and the difficulty of further miniaturization due to the 
separation of the SOA.

Figure 4 Spectral linewidth characteristics of the AWG-DR 
laser array module.
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Figure 3 Optical output power characteristics of the AWG-DR 
laser array module.
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Figure 2 Chip picture of the AWG-DR laser array (a) and the 
structure of the wavelength tunable laser module (b).
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4. DBR/RING LASER

4.1 Monolithically Integrated Laser Chip for 
Compact ITLA

In order to realize a compact ITLA that can be installed in 
small pluggable optical transceivers such as QSFP-DD 
etc., we have developed a DBR/ring laser chip with a ring 
reflector behind the single gain area and monolithically 
integrating the DBR and the SOA in front, as shown in 
Figure 59), 10).

Figure 6 shows the calculation results of the reflection 
spectrum of the DBR and the ring reflector for each, 
which are overlaid, and the calculation results of the syn-
thetic reflection spectrum that determines the mirror loss 
of the resonator. In this example, it is designed to gener-
ate eight reflection peaks by applying a phase modulation 
to the DBR diffraction grating pattern. On the other hand, 
the ring reflector has a reflection spectrum with infinitely 
periodic peaks. Since the intervals between the reflection 
peaks of both are designed to be slightly different, the 
synthetic reflection spectrum has a maximum reflectivity 
at the wavelength where the reflection peaks of both 
coincide, making it possible to oscillate at a single wave-
length. By controlling the temperature using microheaters 
formed on the ring reflector and the DBR, the reflection 
spectrum for each can be shifted, making it possible to 
select a wide range of wavelengths using the Vernier 
scale principle. In addition, the rear ring reflector can be 
miniaturized than the DBR, and the heater power con-
sumption can be reduced compared to a DBR laser with 
DBRs at the front and rear. In addition, since the front 
DBR has a finite number of reflection peaks, the wave-
length range can be limited. The feature of this device is 
to combine each feature. The SOA is monolithically inte-
grated in front of the DBR, making it possible to control 
the optical output by the SOA current.

In addition, since a reflector composed of a passive 
waveguide is provided outside the gain area, a narrow 
linewidth operation is possible due to the external cavity 
effect. Figure 1 plots the mirror loss vs. linewidth of the 
DBR/ring laser in the ideal case, where linewidths below 
100 kHz are expected.

Figure 7 shows the structure and external view of a 
miniaturized laser module using a monolithically integrat-
ed DBR/ring laser chip and a Planer Lightwave Circuit 
(PLC) wavelength rocker. The size of the laser chip is  
3 mm (L) × 0.35 mm (W). The wavelength rocker PLC 
consists of a SiO2-ZrO2 core with a large specific refrac-
tive index difference (Δ) of approximately 5%, which 
allows a small minimum bending radius of the waveguide 
and a compact size of 1.7 mm (L) × 2.5 mm (W).

Figure 8 shows the linewidth characteristics of the 
DBR/ring laser module. A compact tunable laser with  
17 dBm fiber output and the linewidth of less than 100 kHz 
in the entire C band has been achieved. The miniaturiza-
tion of the chip and the wavelength rocker has also led to 
a significant reduction in the size of the ITLA, realizing a 
nano-ITLA that can be installed in the compact pluggable 
optical transceiver described below (see Figure 12).

Figure 7 Structure and picture of the DBR/ring laser module.
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Figure 6 Calculated results of the reflection spectrum of DBR 
and ring reflector and the synthetic spectrum.
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4.2 Expansion of Tuning Range for Extended C band
Next, we improved the ring reflector and the DBR in order 
to achieve the tuning range corresponding to the extend-
ed C band11). Initially, we have been using a 2 × 2 MMI for 
the branching of the ring reflector, but have decided to 
use a 1 × 2 MMI. Since the beat length is short, the ring 
circuit length can be shortened, which makes it possible 
to increase the Free Spectral Range (FSR) and can 
expand the operating wavelength of the tunable laser. In 
addition, by using a 1×2 MMI, the MMI width can be 
designed to be wider, improving the fabrication tolerance. 
In addition, the FSR of the DBR was expanded and the 
number of reflection peaks was reduced from 8 to 7, fur-
ther improving the fabrication tolerance. In other words, 
the FSR of both the ring and the DBR was increased to 
correspond the extended C band. 

Figure 9 shows the calculation results of the wave-
length dependence of excess losses caused by the width 

error of the 2×2 MMI and the 1×2 MMI. The target value 
of input and output waveguide widths was set to 1.2 µm, 
and the spacing between the two waveguides was set to 
0.9 µm. The dimensions of the 2 × 2 MMI and 1 × 2 MMI 
were calculated using a formula based on the beat length 
theory12). On top of that, the width error was set to a 
range of −100 nm to +100 nm, and in the 2×2 MMI, an 
error of 0.1 µm causes a maximum excess loss of 1.5 dB 
in the extended C band (1524 to 1573 nm). A ring reflec-
tor that effectively passes through the MMI three times 
would cause a loss of 4.5 dB, impairing its function as a 
reflector. On the other hand, in the 1×2 MMI, this excess 
loss is reduced to 0.5 dB, and it is expected that the pro-
cessing tolerance will be improved.

Figure 10 shows a ring reflector using the fabricated 1 × 2 
MMI. Evacuation waveguides to remove back propagat-
ing light were designed to be provided on both sides of 
the connecting waveguide of the MMI waveguide, one 
coupled to the slab waveguide and the other to the scat-
terer for processing.

A DBR/ring laser corresponding to the extended  
C band was fabricated by combining a DBR and a ring 
reflector using a 1 × 2 MMI.

Figure 11 shows the measurement results of the lasing 
spectrum and the chip optical output superimposed at 
each operating point of the DBR/ring laser for the extend-
ed C band. The single mode lasing with SMSR>45 dB 
and the output power of 18 dBm or more was obtained in 
the 54 nm range covering the extended C band. 

Figure 11 Lasing spectrum and optical output of an extended C band DBR/ring laser using 1x2 MMI.
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5. CONTROL CIRCUIT FOR THE ITLA  
AND MINIATURIZATION

As mentioned in the introduction, the OIF defines a stan-
dard for subassemblies of ITLAs that add control circuit 
to tunable lasers. Using an ITLA that conforms to this 
standard, the user can control the laser output by com-
mands via a serial interface. Various parameters such as 
current, temperature, wavelength locker PD, etc. to 
obtain the desired wavelength and the light intensity of 
the laser are stored in memory, and the desired operation 
can be obtained by control commands. In other words, 
the advantage of this standard is that the user no longer 
needs to be aware of the different types of tunable lasers 
with different control methods.

In response to the demand for miniaturization of optical 
transceivers, progresses have been made in miniaturiza-
tion and low power consumption of ITLAs. Figure 12 
shows the picture of each generation of ITLA. Initially, the 
ITLA was manufactured at the time of 10 Gbit/s IM-DD, 
but to accommodate small pluggable optical transceivers 
such as the C Form-factor Pluggable (CFP) and CFP2, 
the standardization of micro-ITLA, which is smaller than 
ITLA, was established as a standard for subassemblies13). 
The array type tunable laser module mentioned above 
has been installed in a micro-ITLA and put into practical 
use. Although not yet standardized, a nano-ITLA, which is 
an even smaller light source subassembly, has been 
developed by installing the DBR/ring laser module men-
tioned above. Power consumption has also been reduced 
to about half that of the original ITLA.

Figure 13 shows the control circuit block diagram of the 
nano-ITLA, which consists of each control circuit for the 
CPU and the Gain, SOA, DBR, Ring, Phase, and TEC. 
Driving conditions for each control circuit are determined, 
by calculating appropriate target values and correction 
parameters based on the command information from the 
host module. Each current control circuit for the DBR and 
the Ring controls the heater power to a constant level 
based on the set wavelength information. The phase cur-
rent control circuit controls the output wavelength to a 
constant level based on the wavelength locker PD value. 
The SOA current control circuit controls the optical output 
power to a constant value based on the PD monitor 
power. The TEC control circuit controls the temperature 
to a constant level based on the thermistor resistance.

In order to fit into the size of the nano-ITLA while main-
taining the functionality of the conventional ITLA, in addi-
tion to the adoption of an Application Specific integrated 
Circuit (ASIC) that integrates the laser control function 
into a single IC, we optimized the electrical filter configu-
ration, and carried out the substitution of control circuit 
functions with software.

6. STUDY OF THE ULTRA-NARROW  
TUNABLE LASER FOR THE NEXT  
GENERATION

In response to the recent explosive demand for increased 
data transmission capacity, signal baud rates are increas-
ing significantly, and although still in the research stage, 
cases exceeding 200 Gbaud have been reported. At such 
high baud rates, since the amount of dispersion compen-
sation by Digital Signal Processor (DSP) increases, the 
linewidth requirement for the light source will also 
become stricter. We have started to study a new external 
cavity wavelength tunable laser with a linewidth of 50 kHz 
or less as the next generation ITLA, and we are reporting 
the progress here14). 

Figure 13 Block diagram of a nano-ITLA control circuit. 
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Figure 14 shows the structure of an external cavity tun-
able laser composed of a semiconductor chip with mono-
lithically integrated DBR and SOA in front of the gain area 
and an external reflection mirror and Si etalon behind the 
gain area. In terms of structure, instead of the ring reflec-
tor of the previously mentioned DBR/ring laser, an exter-
nal mirror and a Si etalon are arranged. Since the length 
of the external cavity portion is increased, the confine-
ment factor Γz of the active area becomes smaller, and a 
narrower linewidth can be expected.

Figure 15 and Figure 16 show the measurement results 
of the lasing spectrum and the linewidth of the fabricated 
external cavity laser, respectively. Covering the entire C 
band, narrow linewidth characteristics of 50 kHz or less 
with an SMSR of 50 dB or more are obtained. Thus, the 
external cavity laser has excellent linewidth characteris-
tics. However, there are some issues, such as the fact 
that the mounting is more complicated than that of 
monolithic types, and that the wavelength control 
becomes sensitive because the longitudinal mode interval 
becomes narrower due to the longer cavity length. These 
issues need to be resolved before practical use. 

7. CONCLUSION

We described the tuning range, optical output power, and 
linewidth, which are important requirements for tunable 
lasers for digital coherent optical communications, and 
explained how to reduce the linewidth in various laser 
structures using the theoretical equation of Schawlow-
Townes. We have developed a micro-ITLA using a mono-
lithically integrated AWG-DR laser array module as a nar-
row linewidth and high-power source, and have achieved 
high power operation of 19 dBm and narrow linewidth 
operation below 100 kHz by reducing mirror loss due to 
the DR structure and coupling loss due to AWG, and by 
adopting the SOA isolation structure. We have developed 
a nano-ITLA using a DBR/ring- laser module that can be 
installed in compact pluggable optical transceivers, and 
have achieved 17 dBm optical output and linewidth char-
acteristics below 100 kHz. As an improved version of the 
DBR/ring laser for the extended C band, a DBR/ring 
reflector laser using a 1 × 2 MMI as a ring reflector was 
fabricated, and a light source covering the extended C 
band was realized. Furthermore, for future ultra-narrow 
linewidth light sources, we fabricated a prototype external 
cavity laser consisting of a semiconductor chip monolithi-
cally integrating gain area, DBR, and SOA, an external 
mirror, and an external etalon, and obtained narrow line-
width characteristics of less than 50 kHz. We believe that 
this laser is promising as an ultra-narrow linewidth light 
source in the future. We have been improving the perfor-
mance of wavelength tunable lasers in order to meet the 
highly evolving system requirements, and we will continue 
to improve the performance of light sources as a funda-
mental technology to support high speed and large 
capacity optical communications.
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