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1. INTRODUCTION

Wavelength Division Multiplexing (WDM) is a very effec-
tive and common system for today’s heavy traffic of opti-
cal communication. Distributed Feedback Lasers (DFB-
LDs), including periodical grating structures, are key
devices as signal sources due to their highly selected sin-
gle emission wavelengths. Table 1 shows the classified
lists and the characteristics of DFB Lasers. In these DFB
LDs, continuous wave (CW) DFB LDs are used for long
haul applications by combining them with external modu-
lators such as LiNbO3, and many characteristics are
demanded. We list up some of them below. 

(1) Wide wavelength band (Conventional C-band and
both sides of S and L-band)

(2) Dense channel spacing (from 100 GHz to 50 GHz
and 25 GHz)

(3) High data rate (10 Gb/s and 40 Gb/s)
(4) High output power and low driving current (up to 40

mW)
(5) High reliability
To broaden the band, conventional C-band and both

sides of S-band and L-band 1) can be used to increase the
number of channels. Dense channel spacing is another
solution to increase the number of channels and an
attempt to shift from 100 GHz to 50 GHz (twice of the
number of channels) and 25 GHz (4 times) is expected 2).
To achieve this, the wavelength stability is important and
peripheral technologies have been developed successful-
ly. High data rates of 10 Gb/s and 40 Gb/s have been
achieved in the external modulators. Output power is
increased to 40 mW in WDM, but a higher output power
(over 80 mW) is demanded for a large number of ports in
CATV applications 4)~7). CATV systems demand extremely
low noise characteristics to keep a high signal to noise
ratio (S/N ratio). To maintain a high S/N ratio after long

fiber propagation, low Relative Intensity Noise (RIN) and
narrow linewidth (which shows phase noise convertible to
intensity noise after fiber propagation) are key characteris-
tics. 

In this paper, we report our activities to achieve a low
driving current for WDM applications. As high power tech-
nologies expand, we are also developing higher output
power operation and narrow linewidth for CATV applica-
tions. In Section 2 we show the chip structures of DFB
LDs and their grating fabrication technique. Optimization
of coupling coefficient and cavity length to obtain a low dri-
ving current is described in Section 3. Optical confinement
optimization, especially in the L-band, is described in
Section 4. For expansion to CATV applications, efforts to
achieve a narrow spectral linewidth are described in
Section 5.

2. CHIP DESIGN AND FABRICATION

In this section, we describe the chip structure and the key
fabrication technology. Figure 1 shows the structure of the
LDs used in this experiment. These devices were 1.55 µm
InGaAsP-InP buried hetero-structure (BH) DFB LDs
grown by MOCVD. The 2 µm wide active layers of these
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Table 1 Classified lists and characteristics of DFB lasers.
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LDs were strain compensated and consist of six quantum-
wells. The Far-Field Pattern (FFP) of these LDs is 24°
(vertical) and 20° (horizontal), so these LDs can be easily
coupled with fiber. To achieve high slope efficiency and
low driving current, both facets are coated with anti-reflec-
tive (AR) and high-reflective (HR) asymmetric coatings.

The emission wavelength of DFB LD is precisely con-
trolled by electron beam (EB) lithography and is
expressed by the equation below.

λBragg = 2dpitch ×neff (1)

Here, λBragg is the emission wavelength obtained from
the grating pitch, dpitch is the period of the grating, and neff

is the effective refraction index in the waveguide layer.
The mechanical resolution of the emission wavelength in
EB lithography is about 10 pm, however, the emission
wavelength has inaccuracies (~1 nm) originating from the
facet phases, so the controllability of the emission wave-
length is determined by this inaccuracy. About a 240 nm
grating pitch, from which an emission wavelength of 1550
nm is obtained, was patterned by dry etching the semicon-
ductor layers.

These LDs are packaged in standard 14-pin butterfly
modules, which include two lenses, an isolator and a ther-
moelectric cooler (TEC). Coupling efficiency to the polar-
ization maintaining fiber (PMF) is as high as about 75 %.

3. HIGH POWER AND LOW DRIVING CUR-
RENT

First, we describe our development in high power opera-
tion. The cavity length (L) and the coupling coefficient (κ)
are the key design parameters for high power operation.
The coupling coefficient is a characteristic parameter of
DFB LDs, and it expresses the amount of optical feedback
in the grating layer. κ can be designed from the difference
between the refractivity of grating and waveguide layer,
the interval from grating to active layer, and the thickness
of the grating layer. Figure 2 shows the slope efficiency of
the output power (SE) and the maximum output power as
a function of the κL product. Here, the cavity length of
these LDs is fixed as L=400 µm. As shown in this figure,
SE and the maximum output power (Pmax) increase as κ

decreases. Since many characteristics such as threshold
current (Ith) and SE are determined by κL, decreases of Ith

and SE due to large feedback efficiency can be observed
in a large κL. The typical value of κL product is consid-
ered to maintain a high side mode suppression ratio
(SMSR), and we have to design the κ value for every cavi-
ty length. Power saturation seems to be mainly caused by
heating around the active layers, so a large thermal con-
ductivity, which is obtained by a long cavity, is very effec-
tive to get a higher Pmax. In these long cavities, we have to
control the κ to a very small value, which seems to be dif-
ficult in terms of its reproducibility. Figure 3 shows the L-I
curves of these modules for different cavity lengths. In
L=400 µm, we achieved a very high SE of 0.3 W/A and a
driving current of 80 mA for a fiber coupled power (Pf) of
20 mW. A little degradation of SE can be observed with a
long cavity, but we also achieved a maximum Pf of 175
mW. This is the highest value for a commercial package
including two lenses, TEC, and isolator, and is reported
elsewhere 8). The spectrum of this LDM is shown in Figure
4. As shown in this figure, we can get a SMSR of more
than 50 dB. Wavelength stability is considered to be
another benefit of a long cavity. These results show that
we achieved very high slope efficiency for every cavity
length and maximum output power. Considering WDM
application, the output power range is from 10 mW to 40
mW, and we can obtain the minimum driving current with
a 400 µm cavity (Table 2). On the other hand, in CATV

Figure 1 Schematic figure of distributed feedback laser diode
(DFB LD) along longitudinal and lateral sections.

Figure 2 κL dependence of slope efficiency and maximum out-
put power at L=400 µm.
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Figure 3 L-I curves of LDMs each having a different cavity
length.
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applications the highest output power is 175 mW for
L=800 µm. So, we have to use an optimized cavity length
considering the applications.

4. S-, L-BAND DFB LDS

In this section, we describe the broadening of the wave-
length band, which is the most important factor for
increasing the number of channels. At present, C-band
and L-band erbium-doped fiber amplifier (EDFA), having
wavelength channel counts ranging from 80 to 160 per
direction, are used for long-distance transmission sys-
tems. Compared to C-band, the increase of threshold cur-
rent density (Jth) and decrease of slope efficiency (SE) are
considered to be factors that make for poor characteristics
in the L-band. Besides, these factors are caused by an
increase of non-radiate re-combination and a decrease of
photon energy due to the variety of effective mass and
energy band gap 1). We optimized electrical and optical
confinement in the active region to overcome these prob-
lems. Figure 5 is a schematic figure of the MQW structure
in the L-band. The barrier band gap (Figure 5 c) was
decreased while the difference in the band gap between
well and barrier layers was kept the same as that of the C-
band. As a result, optical confinement inside the active
region is increased. On the other hand, the carrier can
easily flow through the barrier layer and non-uniformity of
the carrier density along the vertical axis is suppressed.
To investigate the characteristics inside the active region,
we fabricated the broad contact lasers without grating lay-
ers. The Jth values in these broad contact lasers with the
design shown in Figure 5 c are 880 A/cm2, and these val-
ues are as low as those of the C-band structure (Jth ~850

A/cm2). The characteristic temperature To, which is calcu-
lated from the temperature dependence of Ith, is observed
as the value of To = 46 K. This result shows that these
LDs are very suitable for thermally tunable laser applica-
tions.

Figure 6 shows the L-I curves of DFB LDs from S-band
to L-band based on the previous discussion. As shown in
this figure, the characteristic degradation in the L-band is
not observed clearly and we achieved a very low driving
current (<200 mA, @Po =60 mW) in all wavelength
regions. Comparing C and L-band, we observed a slightly
higher driving current in the S-band, however, there is no
problem in practical use. Finally, the median lifetime of
these LDs is more than 73 years assuming a 20%
increase in the driving current.

5. NARROW SPECTRAL LINEWIDTH

In this section, we describe the approach used to get a
narrow spectral linewidth for the key characteristic to
extend our high power CW-DFB LDs to CATV applica-
tions. In CATV applications, the number of ports increases
with output power, and an output power of over 80 mW is
examined. To maintain a high S/N ratio even in analog
propagation, a narrow linewidth of less than 1 MHz and a
low RIN level of less than -160 dB/Hz in 0~1 GHz are
required. Generally the spectral linewidth seems to be
inversely proportional to output power in low power region 9).
However, there are many reports of the spectral linewidth

Table 2 Characteristics of LDMs with different cavity lengths.

L Ith Se Iop (40 mW) Rth

[   m] [mA] [W/A] [mA] [K/W]

400 10 0.3 155 40

600 17 0.28 165 28

800 24 0.25 180 19

µ

Figure 4 Spectrum of the L=800 µm cavity at an output power
of 80 mW.
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re-broadening in the high power region 5), 10), 11), and it is
considered to be a very difficult problem to get a narrow
linewidth in the high power region. The re-broadening is
caused by the non-uniformity of the effective refractivity
and the photon density in the cavity due to spatial hole
burning (SHB). Non-uniformity of refractivity originates
from the non-uniformity of carrier density due to the non-
uniformity of photon density. On the other hand, the pho-
ton density distribution curve is determined by the facet
phases, and these values cannot be controlled. To express
photon density, the front to rear power ratio (Pf /Pr) is con-
sidered to be a good parameter. In DFB LDs with symmet-
ric facet coatings, linewidth re-broadening was sup-
pressed by flattening the photon density in the phase shift-
ed structure and multi-electrode 12). On the other hand, in
the case of high power operation with asymmetric facet
coatings, using a wide mesa is considered to be a very
effective method to suppress re-broadening 5). Here, we
achieved a very narrow linewidth by decreasing the carrier
density in a long cavity and optimizing κ and Pf/Pr to get a
highly uniform photon density. Figure 7 shows the spectral
linewidth as a function of output power and cavity length.
Here, κL and Pf/Pr are fixed as 1.2 and 15, respectively,
for the effects of SHB be suppressed as much as possi-
ble. We achieved the minimum linewidth of 0.5 MHz at 40
mW and 0.8 MHz, and even at 100 mW for a 800 µm cavi-
ty. In addition, re-broadening is suppressed in a long cavi-

ty. Thus, we demonstrated that a narrow linewidth in high
power operation could be achieved by means of a long
cavity and optimized κL and Pf/Pr. Figure 8 shows RIN
data. We also successfully achieved a very low RIN of -
160 dB/Hz in 0~1 GHz. As a result, we achieved a very
low noise characteristic that is sufficient to operate as a
CATV signal source. Finally, we show the results of a reli-
ability test in Figure 9. The figure shows that the increase
of driving current as a function of aging hour in auto-
power-control (APC) mode. We tested under an ambient
temperature of 35°C and a chip output power of 120 mW
constant (which is considered Pf >80 mW). As shown, the
increase of driving current is less than 1 % after 2000
hours of testing. These results show that the LD chips
have a median lifetime of over 25 years and no problems
in practical use.

6. CONCLUSION

Finally, we summarize this paper. We developed the high
power CW-DFB LDs for optical communications. We took
an approach to get low driving current from C-band to S
and L-band for WDM systems. Considering optical and
electronic confinement in optimizing the MQW structure,
we achieved a very low driving current of less than 200
mA at a facet output power of 60 mW between S and L-
band. To extend these LDs to CATV applications, we
developed very high output power and low noise CW-DFB
LDs. Concretely, using a long cavity and optimizing the
coupling coefficient we achieved a high power of 175 mW
and a very narrow linewidth of 0.8 MHz, even at 100 mW.
These values are the highest values for commercial pack-
ages and these LDMs have possible new applications in
the future.
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Figure 7 Spectral linewidth versus output power for LD with a
cavity length of 400 µm~800 µm 
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