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1. Introduction

The rapid increase of data communication expedites
the standardization of high-speed communication sys-
tems, such as 100 Gbit/s ethernet (100 GbE) and 16
Gbit/s Fibre Channel (16GFC). 100GbE system utilizes
wavelength division multiplexing (WDM) techniques and
uses four cooled lasers, each of which is modulated at 26
Gbit/s as light sources of a transmitter. In the case of 16
GFC, an uncooled operation of a laser at 14 Gbit/s is
preferable to meet the restricted power consumption. To
realize these lasers, we have studied a directly modulated
laser since it affords lower cost and power consumption
compared with distributed feedback (DFB) lasers inte-
grated with an electro-absorption (EA) modulator. 

In order to realize lasers with high-speed direct mod-
ulation of more than 10 Gbit/s, both high modulation ef-
ficiency and wide electrical bandwidth are essential. For
obtaining the high modulation efficiency, an AlGaInAs
multiple-quantum-well (MQW) structure is suitable be-
cause it has higher differential gain than a GaInAsP MQW
structure due to its larger conduction band offset (1)-(5). A
ridge-waveguide (RWG) structure offers wider electrical
bandwidth than a buried heterostructure (BH) because
it does not have p- and n-type InP current blocking layers,
which cause parasitic capacitances, along the side of laser
active region. The planarization process using the benzo-
cyclobutene (BCB) polymer, which can be used for a pas-
sivation of a mesa structure (6), (7), is also very useful in the
reduction of parasitic capacitance between a substrate
and an electrode owing to its low relative dielectric con-
stant (2.50 − 2.65).

In this paper, we would like to report 14 Gbit/s and
26 Gbit/s direct modulation of AlGaInAs/InP DFB lasers
with the RWG structure planarized by BCB polymers.

2. Fabrication Process

Figure 1 shows the fabrication process of RWG DFB
lasers buried by BCB polymers. Firstly, an AlGaInAs com-
pressively-strained MQW structure was grown on an n+-
InP (100) substrate by organometallic vapor-phase-epitaxial
(OMVPE) growth. After the formation of uniform DFB
grating by electron beam (EB) lithography and dry etch-
ing, the regrowth processes of a p-InP cladding layer and
a p+-GaInAs contact layer were done by OMVPE. 

RWG structures were fabricated by photolithography
and CH4/H2-reactive ion etching (RIE) using SiN mask.
Then, the deposition of SiO2 and coating of BCB poly-
mers were carried out on the RWG structure. Here, we
used the non-photosensitive BCB polymer because the ex-
posure process of the photosensitive BCB during photo-
lithography causes the instability of the BCB opening
shape, resulting in the deterioration of a yield. BCB open-
ing patterns on the top of the stripe were formed by pho-
tolithography and CF4/O2-RIE. SiO2 window patterns
were fabricated on the contact layer with the self-aligned
process using CF4-RIE without resist patterning.

Next, electrodes were evaporated on p- and n-side
surfaces. Photo 1 shows the cross-sectional scanning elec-
tron microscope (SEM) image of the RWG structure after
the electrode evaporation. The good shape of the
BCB/SiO2 opening pattern without any disconnection of
the electrode could be obtained by using this simple
process. The thickness of the BCB polymer under the
electrode-pad was also approximately 1 µm.

Finally, anti-reflection (AR) and high-reflection (HR)
coatings were applied on the front facet and the rear
facet, respectively.

Aiming at high-speed direct modulation over 10 Gbit/s, we have developed 1.3 µm wavelength AlGaInAs/InP distributed
feedback (DFB) lasers with a ridge-waveguide structure planarized by benzocyclobutene (BCB) polymers. The lasers
recorded wide electrical bandwidths of more than 20 GHz owing to reduction in parasitic capacitance by the effects of
the BCB buried structure. A clear eye-opening was also observed under 26 Gbit/s direct modulation with the extinction
ratio of 6 dB at a measurement temperature of 25 °C. Furthermore, 14 Gbit/s uncooled operation up to 85 °C was achieved
with the extinction ratio of 5 dB. This report highlights the high potential of ridge-waveguide lasers utilizing the BCB
planarization process as a light source for high-speed direct modulation over 10 Gbit/s.
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3. Laser Characteristics

Figure 2 shows the electrical response of the fabri-
cated RWG laser, which was extracted from the electro-
optic response. In this RWG structure, 3-dB down frequency
bandwidth of more than 20 GHz was acquired. This wide
electrical bandwidth is attributed to the reduction of par-
asitic capacitance by burying the mesa structure using
BCB polymers. 

Figure 3 shows light output characteristics of the fab-
ricated RWG DFB laser under the continuous wave (CW)
operation. The cavity length (L) and the stripe width (Ws)
of this laser were 250 µm and 1.1 µm. The threshold cur-
rent and the slope efficiency at 25 °C were 13 mA and 0.41
W/A, respectively. These at 85 °C were 31 mA and 0.25
W/A, respectively. The device resistance was estimated to
be around 6 Ω. We also confirmed the sub-mode suppres-
sion ratio (SMSR) of more than 35 dB in the temperature
range from 25 °C to 85 °C.

Next, we measured the relaxation oscillation fre-
quency (f r). Figure 4 shows the square root of the bias cur-
rent dependence of f r for RWG DFB lasers at measurement
temperatures of 25 °C and 85 °C. The DFB grating has
the detuning (Δλ =Bragg wavelength (λB) − Gain peak
wavelength (λG)) of −1.7 nm and −6.7 nm. As can be seen,
the slope value at 25 °C was estimated to be 2.7 GHz/mA1/2

and 3.1 GHz/mA1/2 for the detuning of −1.7 nm and −6.7
nm, respectively. At 85 °C, the slope values were 2.3
GHz/mA1/2 for both detuning cases. The high slope value
at the high temperature is attributed to the large conduc-
tion band offset of the AlGaInAs quantum-well structure. 
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Fig. 1. Fabrication process of the RWG DFB laser buried by BCB polymers
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Photo 1. Cross-sectional SEM image of the RWG structure after the elec-
trode evaporation
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Fig. 2. Electrical response for the RWG structure buried with BCB polymers
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Fig. 3. Light output characteristics for a RWG DFB laser under the CW
condition at 25 °C and 85 °C



We evaluated 14.0 Gbit/s and 25.8 Gbit/s output
waveforms of the fabricated RWG DFB laser using non-re-
turn-to-zero (NRZ) signal having a 231−1 pseudorandom
bit sequence. The detuning of the laser was −1.7 nm.
photo 2 shows the 25.8 Gbit/s eye-diagram at 25 °C. The
bias current was set at 50 mA, and the relaxation oscilla-
tion frequency (f r) was 15 GHz in this bias condition. The
clear eye-opening with the extinction ratio of 6 dB was
successfully observed due to the wide electrical bandwidth
by the RWG structure buried with BCB polymers. The rise
time (t r) and the fall time (t f) were estimated to be 13 ps
and 16 ps, respectively.

photo 3 shows 14.0 Gbit/s eye-diagrams at (a) 25 °C
and (b) 85 °C. The bias currents at 25 °C and 85 °C were
set at 40 mA and 60mA, respectively. The relaxation os-
cillation frequencies (f r) in these bias conditions at 25 °C
and 85 °C were 13 GHz and 11 GHz, respectively. As can
be seen, 14.0 Gbit/s uncooled operation was achieved up
to 85 °C when the extinction ratio was 5 dB. 

We also carried out the accelerated lifetime test
(aging temperature: 85 °C, injection current: 200 mA, the
number of samples: 17) for fabricated RWG DFB lasers.
As shown in Fig. 5, the stable operation was observed even
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at (a) 25 °C and (b) 85 °C

Photo 2. Eye-diagram under 25.8 Gbit/s direct modulation (Extinction
ratio: 6 dB)
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Photo 3. Eye-diagrams at (a) 25 °C and (b) 85 °C under 14.0 Gbit/s di-
rect modulation (Extinction ratio: 5 dB)
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Fig. 5. Accelerated lifetime test for the RWG DFB laser buried by BCB
polymers



after more than 1,200 hours. This result indicates that the
AlGaInAs/InP RWG DFB laser fabricated using the BCB
planarization process has the good reliability.

4. Conclusion

We fabricated 1.3 µm wavelength AlGaInAs/InP DFB
lasers with the ridge-waveguide structure buried by BCB
polymers. As a result, the clear eye-opening was observed
under 26 Gbit/s direct modulation with the extinction
ratio of 6 dB at 25 °C. Uncooled operation under 14
Gbit/s direct modulation with the extinction ratio of 5 dB
was also achieved up to 85 °C. 

From the accelerated lifetime test (200 mA, 85 °C), we
confirmed the good reliability of the fabricated ridge-wave-
guide laser since the stable operation was observed even
after more than 1,200 hours. Therefore, we demonstrated
that ridge-waveguide lasers utilizing the BCB planarization
process are very promising as a light source for high-speed
transmitters used for over 10 Gbit/s applications.
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