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High-Speed EA-DFB Laser for 40-G and 100-Gbps

Shigeki MAKINO'®, Kazunori SHINODA ', Members, Takeshi KITATANI', Nonmember,
Hiroaki HAYASHI', Member, Takashi SHIOTA', Shigehisa TANAKA ', Nonmembers, Masahiro AOKI', Member,
Noriko SASADA T, Nonmember, and Kazuhiko NAOE™", Member

SUMMARY  We have developed a high-speed electroabsorption mod-
ulator integrated distributed feedback (EA/DFB) lasers. Transmission per-
formance over 10 km was investigated under 25 Gbps and 43 Gbps mod-
ulation. In addition, the feasibility of wide temperature range opera-
tion was also investigated. An uncooled EA/DFB laser can contribute
to the realization of low-power-consumption, small-footprint and cost-
effective transceiver module. In this study, we used the temperature-tolerant
InGaAlAs materials in an EA modulator. A wide temperature ranged
12 km transmission with over 9.6 dB dynamic extinction ratio was demon-
strated under 25 Gbps modulation. A 43 Gbps 10 km transmission was also
demonstrated. The laser achieved a clear, opened eye diagram with a dy-
namic extinction ratio over 7dB from 25°C to 85°C. The modulated out-
put power was more than +2.9 dBm even at 85°C. These devices are suit-
able for next-generation, high-speed network systems, such as 40 Gbps and
100 Gbps Ethernet.

key words: electro absorption modulator, EA, DFB laser, uncooled, In-
GaAlAs, Ethernet, 40 Gbps, 100 Gbps

1. Introduction

An electroabsorption modulator integrated distributed feed-
back (EA/DFB) laser has several advantageous features of
high speed, low chirp, low power consumption, and com-
pactness. 1.55um range EA/DFB lasers are now mainly
used for 10 Gbps intermediate-reach (IR: 40 km), long-reach
(LR: 80km) categories for MAN/WAN applications and
40 Gbps very-short-reach (VSR: 2km) application. Re-
cently, because of the explosive increase of data traffic due
to the world wide spread of broadband services, upgrades
of network equipment has become essential and the stan-
dardization of next generation high speed network, e.g.
100 Gbps and 40 Gbps Ethernet is in progress [1]. The ultra-
high-speed 1.3 um range EA/DFB laser is regarded as the
promising candidate for the next-generation high-speed net-
work standard. A 1.3 um range, 25 Gbps 4 channel wave-
length division multiplexing (WDM) scheme is suitable for
cost-effective 100 Gbit Ethernet client side technology, and
40 Gbps EA/DFB laser is considered as the cost-effective
solution for 40 Gbps Ethernet. Because of the low chirp and
small fiber dispersion compared to the 1.55 ym range, it can
be expected that this device can transmit a high-speed signal
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over 10 km single-mode fiber (SMF).

In addition, the power consumption of network equip-
ment becomes a critical issue and the reduction of power
consumption is one of the most important keys for recent
optical devices. For effective power reduction of EA/DFB
laser modules, a peltiert device free operation is strongly
desired like the case of uncooled directly-modulated laser.
However, uncooled operation of EA/DFB lasers has been
highly challenging because the devices are very sensitive to
the change of operating temperature. That is to say the tem-
perature sensitivity of the EA absorption peak wavelength
(Aga) is about six or seven times larger than that of the DFB
lasing wavelength (Appg). This causes a large variation in
the wavelength detuning (the difference between Appg and
Aga), which is a key parameter that dominates the modu-
lation performances such as extinction ratio, chirping and
output power. To overcome this problem, a new voltage off-
set method was proposed [2]. By adjusting the bias volt-
age of the EA modulator along with temperature variation,
the wavelength detuning and the modulation performances
could be maintained at almost same level over wide temper-
ature range. Some other attempts have also been made to
achieve an uncooled EA modulator of EA/DFB laser [3]-
[6]. We have investigated an InGaAlAs EA modulator and
butt joint integration of optical components and also devel-
oped a specialized manufacturing technique. Due to the
temperature-tolerant characteristics of InGaAlAs material
and monolithic integration of individually optimized opti-
cal components, we have achieved 1.55 um range 10 Gbps
40km and 80 km SMF transmission over wide temperature
range [7]-[9].

In this paper, we demonstrated uncooled 1.3 um range
25 Gbps and 40 Gbps EA/DFB lasers as light source for
100 Gbps, 40 Gbps Ethernet 10 km SMF specifications. To
achieve the uncooled operation of 1.3 um range EA/DFB
laser, we used a temperature-tolerant InGaAlAs EA mod-
ulator and butt joint integration technique, as same as a
1.55 um range application. By using these technologies,
25.8 Gbps 12km SMF transmission over a wide tempera-
ture range from 0°C to 85°C with over 9.6 dB of dynamic
extinction ratio was successfully achieved [10]. In addition,
we developed an uncooled 1.3 um range 40 Gbps EA/DFB
laser. This laser demonstrated a 43 Gbps 10 km SMF trans-
mission over a wide temperature range for the first time [11].
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2. Device Structure and Fabrication

For high speed modulation over 25 Gbps, a low-RC-time
constant structure is required for an EA modulator. To re-
duce junction capacitance, a thick undoped layer and a short
modulator length are effective. However, excessively thick
undoped layer requires high modulation amplitude voltage.
And, a too short modulator length can result in an insuffi-
cient extinction ratio and increase of resistance of the EA
modulator. Firstly, we designed the undoped layer thickness
and modulator length in order to realize the low-RC-time
constant, then optimized the multi quantum well (MQW)
structure to strike a balance between the high frequency
bandwidth and practical modulation performances. In this
study, 60 nm thick undoped bulk layer was inserted in be-
tween p-InP cladding layer and multi quantum well (MQW)
to reduce the junction capacitance in expectation of diffu-
sion of p-type dopant during the fabrication process. In ad-
dition, we adopted the low parasitic capacitance structure
based 40 Gbps EA/DFB laser.

Figure 1 shows the schematic structure of an uncooled
EA/DFB laser. The device consists of a 100-uym-long In-
GaAlAs EA modulator, a 400-um-long DFB laser, and a
60-um-long bridge waveguide (WG) in between. All com-
ponents were grown by metalorganic vapor phase epitaxy
(MOVPE) and monolithically integrated on an n-InP sub-
strate. The temperature-tolerant characteristics of the In-
GaAlAs material are based on its advantageous band struc-
ture, a larger conduction band offset combined with a
smaller valence band offset than the conventional InGaAsP
materials [12],[13]. Based on this superior band structure,
substantial improvement is expected in the trade-off rela-
tionship among extinction ratio, chirp and output power han-
dling capability of the EA modulator [14]. In this study, con-
duction band offset is set to be over 200 meV in order to re-
alize the large extinction ratio over wide temperature range.
In addition, the optical confinement factor of EA MQW is
designed to be over 30% by adjusting the number and thick-
ness of MQW.

The device structure was fabricated using a multistep
butt joint etching/regrowth technique [15], [16]. By apply-
ing this technique, we could optimize each optical compo-
nent independently, and it is essential to realize a practi-
cal performance of both EA modulator and DFB laser over

p-electrode of
EA modulator

p-electrode of
DFB laser

Light
output

DFB WG EA

Fig.1  Schematic structure of EA/DFB laser.
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wide temperature range. A grating structure was formed
only DFB laser section. A p-InP cladding layer was then
grown on the entire structure. The wafer was processed into
a low parasitic capacitance structure with a small-area bond-
ing pad at the EA modulator for high-speed modulation.
Highly reflective coating film and an anti-reflective coating
film were deposited on the facet at the end of the DFB laser
and on the front of the EA modulator, respectively. The chip
was die bonded on a chip carrier with a 50 Q terminal resis-
tor.

3. Device Performance

The typical lasing spectra of EA/DFB lasers at 0°C, 25°C,
55°C and 85°C are shown in Fig.2. The lasing wavelength
is designed to be 1290 nm at 55°C. Wavelength variation
between 0°C and 85°C was about 7 nm. Stable single-mode
operations with over 40dB of sub-mode suppression ratio
(SMSR) were obtained for all operating temperatures. Fig-
ure 3 plots the static extinction ratio (SER) characteristics at
25°C, 55°C and 85°C.

By reflecting the ideal band structure of InGaAlAs ma-
terial and carefully optimized quantum-well design, wave-
length detuning, and modulator length, we were able to ob-
tain over 20 dB SER at —4 V EA bias voltage. Figure 4 plots
the E/O response (S21) of uncooled EA/DFB laser at 25°C.
Over 30 GHz 3-dB frequency bandwidth was observed. The
measured total capacitance of EA modulator was 0.18 pF,
and it was also estimated that the contribution ratio of para-
sitic capacitance was about 50%.

Figure 5 shows non-filtered eye diagrams obtained un-
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Fig.2  Typical lasing spectra of EA/DFB laser.
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Fig.3  Static extinction ratio characteristics.
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Fig.5 25.8 Gbps eye diagrams before and after 12 km SMF
transmission.

der 25.8 Gbps modulation at (a) 0°C and (b) 85°C. In this
measurement, the device is packaged in a conventional but-
terfly module. Modulation amplitude voltage was applied
from pulse pattern generator and bias voltage was applied
from DC power supply via bias-tee. Proper bias voltage
was applied at various operating temperature to obtain al-
most 50% of optical cross point and good modulation per-
formances. We used a non-return to zero, 23! — 1 pseudo-
random bit stream. The upper pictures are back-to-back, and
the lower pictures are after a 12 km normal SMF transmis-
sion. As shown in these pictures, clearly opened eye dia-
grams were obtained at all operating conditions. The modu-
lation amplitude voltage was below 2.5 V and the maximum
bias voltage at 0°C was —1.5 V. The measured dynamic ex-
tinction ratios (DER) were 9.9dB and 9.6dB at 0°C and
85°C.

The modulation performances at various operating
temperatures are plotted in Fig. 6. As shown in this figure,
we obtained a high DER of more than 9.6 dB over wide tem-
perature range.

Figure 7 shows a non-filtered eye diagram under
43 Gbps modulation at (a) 25°C and (b) 85°C. 43 Gbps, non-
return to zero, 27 — 1 pseudo-random bit stream was used.
In this measurement, modulation performances were inves-
tigated by chip on carrier. Because of the dew condensation
at low temperatures, the lowest measurement temperature
was limited at 25°C. The modulation amplitude voltage of
2.2V was used at all operating temperatures. The upper pic-
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Fig.6  25.8 Gbps modulation performances over wide temperature.
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Fig.7 43 Gbps eye diagrams before and after 10 km SMF transmission.
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Fig.8 43 Gbps modulation performances over wide temperature.

tures represent back-to-back, and lower pictures represent
after 10 km SMF transmission. The eye diagrams are clearly
open both before and after 10 km transmission.

Figure 8 plots DER and bias voltage at various op-
eration temperatures. The DER is over 7dB over a wide
temperature range. Optimized bias voltage has almost lin-
ear temperature dependence. To the best of our knowledge,
this is the first demonstration of 43 Gbps 10 km transmission
over a wide temperature range by 1.3 um EA/DFB lasers.

4. Conclusion

A 13um range uncooled 25Gbps EA/DFB laser was
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demonstrated. By using an InGaAlAs EA modulator with
butt joint integration technology, a 25.8 Gbps, 12km SMF
transmission with over 9.6 dB DER was demonstrated over
a wide temperature range from 0°C to 85°C. A 1.3 um range
43 Gbps uncooled EA/DFB laser was also demonstrated.
This laser demonstrated 43 Gbps 10 km SMF transmission
with over 7dB DER over wide temperature range for the

first time.

Moreover, it was confirmed that the 1.3 um

range EA/DFB laser demonstrates clear opened eye dia-
grams before and after 10 km SMF transmission. These per-
formances indicate the feasibility of a small-footprint, low-
power-consumption and cost-effective light source for next-
generation high-speed network systems.
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