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1. Introduction

In order to catch up with the rapid increase in data traf-
fic, digital coherent technology using coherent detection
and digital signal processing has been developed for optical
fiber communication systems, in addition to dense wave-
length division multiplexing (DWDM) technology(1)-(3). In
comparison with conventional on-off keying modulation,
various modulation formats using coherent detection, for
example dual-polarization quadrature phase-shift keying
(DP-QPSK) or dual-polarization 16 quadrature amplitude
modulation (DP-16QAM), improve frequency band effi-
ciency and promise over 100 Gbit/s transmission per WDM
channel. These communication systems require full-band
wavelength tunable lasers with high optical power and nar-
row spectral linewidth as a light source in the transmitter
and a local oscillator in the receiver.

Sumitomo Electric Industries, Ltd. has developed
chirped-sampled-grating distributed-reflector laser diodes
(CSG-DR-LDs) as full-band wavelength tunable lasers with
high optical output power of over +16 dBm(4)-(6), and man-
ufactures integrable tunable laser assemblies (ITLAs)
equipped with special control circuits, which are compliant
with the OIF-MSA*1 standard(7). In this report, we opti-
mized multi quantum well (MQW) active layers in the CSG-
DR-LD, have achieved high optical output power of over
+16 dBm, and created narrow spectral linewidth below 200
kHz as a promising light source for 100 Gbit/s digital co-
herent communication systems.

2. Device Structure and Mechanism

Figure 1 shows the schematic structure of a CSG-DR-
LD. It consists of three sections: a semiconductor optical
amplifier (SOA), sampled-grating distributed feedback
(SG-DFB), and chirped-sampled-grating distributed Bragg

reflector (CSG-DBR) from the front facet toward the rear
facet. Both facets are coated with anti-reflection (AR) film.
The SG-DFB section and the CSG-DBR section constitute
the laser cavity. The basic configuration of the laser cavity
is the same as the distributed-reflector (DR) laser, which
has a passive distributed Bragg reflector (DBR) integrated
on the rear side of an active distributed feedback (DFB)(8).
This configuration is suitable for high optical output
power, because it can efficiently emit the lasing light from
the front facet, even if the both facets are AR coated. Fur-
thermore, by introducing proper phase shift in the diffrac-
tion gratings, it does not need the phase control electrode
used in the DBR-type tunable laser configuration(9).

The SG-DFB section provides gain for lasing by current
injection from an LD anode. Due to sampled gratings
(SGs) being arranged in the same interval in the SG-DFB
section, periodic peaks appear in the gain spectrum due to
the interference of reflected light from each SG. In the
CSG-DBR section, the intervals between adjacent SGs are
slightly different from each other. These chirped SGs result
in periodic peaks in the reflection spectrum whose enve-
lope shows a moderate swell. This shape of the envelope
works as a band-pass filter. Wavelengths of the periodic re-
flection peaks and the filter wavelength (peak wavelength
of the envelope) are thermally controlled by three heaters
integrated on the top of the CSG-DBR section. The SOA
section controls output power from the front facet, and
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Fig. 1. Schematic structure of CSG-DR-LD



also works as a shutter of unstable light output during the
start-up routine or wavelength switching routine.

Figure 2 shows the calculated reflection spectra for the
CSG-DBR. Each spectrum corresponds to the various tem-
perature settings of the three heaters so that the filter wave-
length is tuned throughout a wide wavelength range. In
each graph, we show the temperature difference between
the three heaters as �T. When all the three heaters have the
same temperature, i.e. �T = 0 K, the filter wavelength of
CSG-DBR is the same as the Bragg wavelength of the dif-
fraction gratings. If the temperature of each heater is dif-
ferent from each other, the filter wavelength is changed
from the Bragg wavelength. For example, when the tem-
perature of each heater gradually increases in order, as the
interval of the SGs becomes longer, the filter wavelength
becomes longer. On the other hand, the filter wavelength
becomes shorter, if the temperature of each heater gradu-
ally decreases in order, as the interval of SGs becomes
longer. The amount of the filter wavelength change is pro-
portional to the temperature difference between each
heater. We defined the sign of �T as subtracting heater tem-
perature on the SGs with the shortest interval from that on
SGs with the longest interval. Therefore, when �T is posi-
tive, the filter wavelength becomes longer. On the other
hand, when �T is negative, the filter wavelength becomes
shorter. The heater temperature on the SGs with middle
interval is set to the average temperature of the other two
heaters. As the tuning mechanism of the filter wavelength
for the CSG-DBR is based on a small difference in the in-
terval between each SG, we can widely tune the filter wave-
length by a relatively small temperature difference.
According to the calculation, the temperature difference
of about |�T| = 15 K leads to the full-band wavelength range.

The whole shape of the reflection spectrum for the
CSG-DBR shifts in proportion to the whole temperature of
the CSG-DBR section. So, we can control the wavelength
of periodic reflection peaks independently of the filter
wavelength, by changing the temperature of all heaters
while keeping the temperature difference of each heater
constant. In other words, the wavelength of the periodic
reflection peaks is controlled by the average temperature
of the three heaters, while the filter wavelength is con-
trolled by the temperature difference of each heater.

The lasing mode of the CSG-DR-LD is determined by
using the Vernier effect, caused by periodic gain peaks of
the SG-DFB and periodic reflection peaks of the CSG-DBR.
The period of gain peaks for SG-DFB and that of the re-
flection peaks for the CSG-DBR are slightly different from
each other, and therefore, one of the gain peaks of the SG-
DFB that coincides with one of the reflection peaks of the
CSG-DBR can be selected as the lasing mode. As the wave-
length of the periodic reflection peaks of the CSG-DBR
shifts in proportion to the average temperature of the
three heaters, we can arbitrarily select the lasing mode
from any of the gain peaks for SG-DFB.

However, in the lasing mode selection, by using the
Vernier effect, another gain peak may coincide with one
of the reflection peaks for the CSG-DBR, which is away
from the target lasing mode by wavelength interval deter-
mined by the difference between the two periods of gain
peaks for SG-DFB and reflection peaks for the CSG-DBR.

These unnecessary modes, which we call recursive modes,
have to be restrained for stable single mode operation. The
filter function for the CSG-DBR coarsely restricts the lasing
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Fig. 2. Calculated reflection spectra of CSG-DBR



wavelength around the filter wavelength, and restrains the
recursive modes from lasing. To be concrete, the filter
wavelength is set to the target lasing mode by controlling
the temperature difference of the three heaters, while at
the same time selecting the lasing mode by controlling the
average temperature of the three heaters.

Furthermore, the whole spectrum of the gain peaks
for SG-DFB and that of the reflection peaks for the CSG-
DBR shift in proportion to the entire chip temperature.
We can tune the wavelength of the selected lasing mode
by controlling the entire chip temperature with a thermo-
electric cooler (TEC).

Table 1 summarizes the wavelength tuning method for
the CSG-DR-LD. Three functions to determine the lasing
wavelength for the CSG-DR-LD can be controlled inde-
pendently of each other. They show good linearity, and are
described in simple formulas, because they are based on
the temperature dependence of the refractive index of
semiconductors. In addition, no phase control of the laser
cavity is needed, because the phase condition of the laser
cavity is always matched by the phase shift structure intro-
duced in diffraction gratings.

3. Reduction of Linewidth Enhancement Factor

The spectral linewidth �ν for semiconductor lasers is
described in the following equation(10).

.................................... (1)

Here, h is the Pranck constant, ν is the frequency of prop-
agating light, υg is the group velocity of propagating light,
gth is the threshold gain of lasing mode, αm is the mirror
loss of laser cavity, nsp is the spontaneous emission factor
or population inversion parameter, P is the total optical
power from the laser cavity. α is one of the main factors
which broaden the spectral linewidth of semiconductor
lasers, and called linewidth enhancement factor or α -para-
meter. It represents the phenomena where carrier fluctu-
ation induced by the fluctuation of the optical intensity in
the laser cavity causes an increase in phase noise via refrac-
tive index change of the optical waveguide. The linewidth
enhancement factor α is defined as the ratio of the refrac-
tive index change dnr/dN relative to the gain change dg/dN
under the carrier density change, and described in the fol-
lowing equation.

.................................................. (2)

Here, λ is the wavelength of the propagating light, N is the
carrier density, nr is the equivalent refractive index of the
propagating light, g is the modal gain of the propagating
light. The gain change ratio relative to the carrier density
change dg/dN is also called differential gain.

As shown in equation (2), the larger differential gain
dg/dN gives a smaller α-parameter. Particularly for MQW
active layers in the CSG-DR-LD, it is important that the
injected carriers from the LD current efficiently generate
optical gain in the quantum well layers. Furthermore, the
overflow carriers into the barrier layers or separate confine-
ment heterostructure (SCH) layers included in the MQW
active layers drastically increase the α-parameter, because
they cause a refractive index change by plasma effect al-
though they generate no gain. Therefore, we attempted to
restrain the overflow carriers into barrier layers or SCH
layers by optimizing the MQW structure to have a higher
energy barrier in order to confine the carriers in the quan-
tum wells.

At first, we fabricated various Fabry-Perot laser diodes
(FP-LDs) having MQW active layers with a different energy
barrier height for quantum wells in order to compare their
α-parameter. The laser cavity of the FP-LDs was designed
to have a larger threshold gain than that of the CSG-DR-
LD. We measured the amplified spontaneous emission
(ASE) spectra while changing the injection current in the
range of well below the threshold current for FP-LDs. We
evaluated a refractive index change from the wavelength
change of each Fabry-Perot mode appearing in the ASE
spectrum at each injection current. The gain change was
also evaluated from each ASE spectrum with the Hakki-Paoli
method(11). Then, the α-parameter was evaluated with the
given refractive index change and gain change. Figure 3
shows the evaluated α-parameter for FP-LDs with MQW
active layers previously used in the CSG-DR-LD and the
high barrier MQW active layers adopted in this work. Here,
the injection current of each FP-LD is adjusted so that the
gain of the FP-LD matches the threshold gain of the CSG-
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Table 1. Wavelength tuning method of CSG-DR-LD

Function Control parameter

Filter wavelength tuning of
CSG-DBR

Temperature difference
of 3 heaters

Lasing mode selection 
by Vernier effect

Average temperature
of 3 heaters

Continuous wavelength tuning
of selected mode

Chip temperature
(TEC)
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Fig. 3. Measured linewidth enhancement factor



DR-LD. The high energy barrier for the quantum wells re-
sulted in 60% reduction of the α-parameter relative to the
previously used MQW active layers. The difference in en-
ergy barrier height between the two MQWs is 50 meV at
conduction band. It is expected to result in 50% reduction
of the spectral linewidth of the CSG-DR-LD by adopting
this high barrier MQW.

4. Lasing Characteristics and Effective Linewidth

Next, we fabricated the CSG-DR-LDs with the high
barrier MQW active layers. We tuned the lasing wavelength
of the CSG-DR-LD to the 50 GHz channel spacing ITU-T*2

grids by setting the temperature of the three heaters and
TEC in the way described in section 2. The injection current
of the LD anode is set to 175 mA for all channels. Figure 4
shows the fiber output power and SOA current. High opti-
cal output power levels of over +16.5 dBm were achieved
with SOA currents below 200 mA. Figure 5 shows the side
mode suppression ratio (SMSR). The stable single mode
operation with SMSRs of over 45 dB is confirmed as ex-
tended to the range of 122 channels with channel spacing

of 50 GHz (a wavelength range of 1523.75-1572.05 nm).
Figure 6 shows the effective linewidth measured with an
etalon discriminator(12). Narrow linewidth levels below
200 kHz were achieved and extended to the range of 96
channels.

5. Conclusion

We optimized MQW active layers in the CSG-DR-LD
to reduce the linewidth enhancement factor, achieved
high optical output power of over +16 dBm and narrow
spectral linewidth below 200 kHz. It is promising for 100
Gbit/s digital coherent communication systems.

Technical Terms
*1 OIF-MSA: Optical Internetworking Forum Multi Source

Agreement
*2 ITU-T: International Telecommunication Union Tele-

communication Standardization Sector
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