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With the current increase in information traffic, even higher speed and density transmission is required for access
network equipment. To meet this demand, optical transceivers capable of operating in high-temperature environments
and saving energy are indispensable. Thus far, development has been focused on 10-Gbit/s semiconductor lasers that
cover a wide temperature range. Since the standardization of 100 Gigabit Ethernet in June 2010, directly modulated 25-
Gbit/s lasers have been under development to reduce the production cost of this system. This paper reports on the
development of a 1.3-um wavelength distributed feedback (DFB) laser, which is designed to have a wide temperature
operating range and a high processing speed. The authors also describe test results of 10-Gbit/s modulation

conducted in a temperature range of -40°C to 85°C and 25-Gbit/s modulation below 75°C.

Keywords: 10Gbit/s, 100Gbit/s, AlGalnAs, buried hetero structure, DFB laser

1. Introduction

Recent rapid growth in information traffic requires
high density transmission for access network systems, where
optical transceivers capable of high temperature operation
with low power dissipation are indispensable. The 10-
Gbit/s uncooled directly modulated laser diode (DML) is
a key device in the transceivers, and much development
has been focused on its high bitrate operation at high tem-
perature. Furthermore, development of 25-Gbit/s DML
has been also advanced aggressively these days V-®), as 25-
Gbit/s DML is expected to be a low-cost light source for
the 100-Gbit/s network by 4 wavelength division multiplex-
ing (WDM), like the 100 Gigabit Ethernet (100GbE) . For
25-Gbit/s DML, high speed and high temperature opera-
tion is more important than before.

In this paper, we report on our 1.3-pm wavelength
DFB laser diode, and show its high performance of 10-
Gbit/s operation over a wide temperature range. 25-Gbit/s
operation is also demonstrated.

2. Device Design

For a high speed DML capable of wide temperature
range operation, high output power at high temperature,
high relaxation oscillation frequency (fr) and wide band-
width are needed. To achieve both of high output power
and wide bandwidth, we chose a short length cavity and
buried hetero (BH) current blocking structure. The active
region was designed to optimize the trade-off between out-
put power and fr. Details of our new DML is explained with
the schematic view shown in Fig. 1.

The laser was fabricated on the n-InP substrate and its
cavity length was 200 pm. The front facet was covered with
an anti-reflection (AR) film and the rear was covered with
a high reflection (HR) film. The diffractive grating was
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Fig. 1. Schematic view of the laser

formed below the active region and kL value, which shows
strength of distributed feedback, was 1.2. For the active re-
gion, AlGalnAs multi quantum well (MQW) structure was
used. This material system is more suitable for high-speed
lasers than the conventional GalnAsP material system, be-
cause its strong confinement for electron brings high fr.
To realize strong optical confinement, the active region
consisted of 10 quantum wells of 5 nm thickness. Quantum
wells were designed to have as large as 1.3% of compressive
strain for high fr. Barrier layers were designed to have ten-
sile strain to realize high reliability by compensated strain
MQW structure.

3. DC Characteristics

Figure 2 shows the light-current characteristics of the
newly developed laser. The threshold current and the slope
efficiency were: 2.4 mA and 0.76 W/A at-40°C; 4.7 mA and
0.65 W/A at 25°C; 15.7 mA and 0.44 W/A at 85°C; 20.0 mA
and 0.38 W/A at 95°C, respectively. The thermal degrada-
tion of linearity was very small and an output power as high
as 20 mW was obtained up to 95°C.
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Fig. 2. Light-current characteristics

4. AC Characteristics

Figure 3 shows the electro-optic (EO) response of the
new laser at 25°C and its current dependence. The 3-dB
down bandwidth became wider as the injection current in-
creased, and exceeded 20 GHz at the injection current
larger than 30 mA. Because of use of the BH structure, this
wide bandwidth was accompanied with the excellent DC
characteristics formerly mentioned.

Figure 4 shows fr - current characteristics at -40, 25 and
85°C. The values of fr were measured by fitting the fre-
quency response spectrum shown in Fig. 3. The D-factor,
defined as the slope of fr on square root of the difference
between injection current and threshold current, was 2.8
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Fig. 3. EO responses
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Fig. 4. Current dependence of fr

GHz/mA% at -40°C; 3.6 GHz/mA’® at 25 °C; and 2.6
GHz/mA"" at 85°C, respectively. These high values were
realized over the wide temperature range by short cavity
length and the optimization of active region design.

5. 10-Gbit/s Optical Waveforms

Figure 5 shows 10-Gbit/s optical waveforms of the new
laser at -40, 25 and 85°C. Clear eye opening was shown at
each temperature.

(b) 25°C 28mA

(c) -40°C 23mA

Fig. 5. 10-Gbit/s eye diagrams

The measurement was carried out with 9.95-Gbit/s
non-return-to-zero (NRZ) signals with 2%'-1 pseudo-ran-
dom-bit-sequence (PRBS). Each waveform was measured
with a Bessel-Thomson filter. An extinction ratio was set to
7 dB. Values of bias current and operating temperature are
described below the each waveform. Current values were
set to keep constant output power at each temperature.

6. 25-Gbit/s Optical Waveforms

Figure 6 shows 25-Gbit/s optical waveforms of the new
lasers at 25°C and 75°C. For this measurement, we have fab-
ricated 4 lasers of different wavelength (1271 nm, 1291 nm,
1311 nm and 1331 nm) in the same design.

The measurement was carried out with 25.78-Gbit/s
NRZ signals with 2*'-1 PRBS. Each waveform was measured
without a Bessel-Thomson filter. An extinction ratio was set
to 5 dB. Wavelength, bias current and operating tempera-
ture are described below the each waveform. Bias current
was set to 60 mA at 75°C, and to keep constant output
power at 25°C.

Clear eye opening was obtained at each temperature
and each wavelength. This result shows our new DFB lasers
are suitable for the 100GbE LAN-WDM system, in which
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Fig. 6. 25-Gbit/s eye diagrams

lasers are operated with thermo-electric coolers. It also
shows the new lasers are promising for the 100-Gbit/s
coarse WDM (CWDM) system, in which lasers of 1271 nm,
1291 nm, 1311 nm and 1331 nm are used without thermo-
electric coolers.

7. Reliability

Figure 7 shows the result of a high temperature operat-
ing test carried out at 95°C. Operating current of each laser
was controlled to keep constant output power in this test.

During the 5,000-hour test, no failure had occurred
and the median lifetime value was 0.75 x 10° hours. This
value gives the lifetime of as long as 7.61 x 10° hours under
the actual usage condition (55°C, 13 mW).
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Fig. 7. Results of aging test

8. Conclusion

We developed a 1.3-pm wavelength DFB laser capable
of 10-Gbit/s direct modulation in a temperature range of
-40°C to 85°C.

Owing to the BH current blocking structure, this laser
showed both excellent DC characteristics as high power as
20 mW even at 95°C and wide bandwidth larger than 20
GHz. Excellent 10-Gbit/s optical waveforms were shown in
a wide temperature range of -40°C to 85°C because of the
D-factor larger than 2.6 GHz/mA"®.

We fabricated 4 DFB lasers of different wavelength and
demonstrated 25-Gbit/s operation. Clear eye opening was
achieved up to 75°C at each wavelength. Our new lasers are
promising for the 100-Gbit/s communication system.
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