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Abstract—The 1.3- m uncooled InGaAsP–InP loss-coupled
distributed feedback lasers operating over 10 Gb/s and at
85 C were successfully fabricated. In order to achieve their
high-speed and high-temperature operations simultaneously,
the following are thoroughly investigated: modulation-doped
and strain-compensated multiple-quantum-well active layers,
Fe-doped buried-heterostructure, coupling coefficient of loss-cou-
pled grating, detuning lasing wavelength from the gain peak, and
facet coatings. The authors also demonstrate 10 Gb/s transmission
with negligible dispersion power penalty over 20 km of nondis-
persion-shifted fiber at 10 Gb/s for the temperature ranging from
25 C to 85 C.

Index Terms—1.3- m uncooled laser, detuning, Fe-doped BH,
InGaAsP, loss-coupled DFB.

I. INTRODUCTION

T HE RECENT increase of information traffic demands op-
tical communication systems to operate at 10 Gb/s and

above even for local area networks (LANs) and metropolitan
area networks (MANs). In these applications, the key issue is to
reduce the cost, size, and power consumption of optical compo-
nents. An uncooled distributed feedback laser diode (DFB-LD)
directly modulated at 10 Gb/s may be considered as an appro-
priate candidate for the optical transmitter [1], [2]. There have
been many studies on improving the high-temperature and high-
frequency performances of 1.3-m uncooled DFB-LDs based
on an InGaAsP–InP material system. However, it seems to be
very difficult to realize high-performance uncooled lasers by
using a conventional InGaAsP–InP system [3]. Recently, sev-
eral alternative approaches have been intensively investigated
in order to improve the laser temperature characteristics. To
name a few, InAsP ternary quantum wells (QWs), QW on
InGaAs ternary substrate, AlGaInAs–InP, and InGaNAs–GaAs
material systems have been frequently studied [4]–[6]. How-
ever, these material systems possess some disadvantages over
InGaAsP–InP material in high-quality multiple-quantum-well
(MQW) growth, regrowth of current blocking layers, and sub-
strate readiness.
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In this paper, we demonstrate the high-temperature per-
formance of 1.3-m uncooled DFB-LDs based on InGaAsP
strained MQW structure. The DFB-LDs have been fabricated
by optimizing strained MQW active Fe-doped buried-het-
erostructure (BH), coupling coefficient of loss-coupled grating,
detuning lasing wavelength from the gain peak, and facet
coatings. Up to 85 C, our DFB lasers show the threshold
current as low as 36 mA, 3 dB-bandwidth as large as 12.0 GHz
at 5-mW output, and output power up to 17 mW.

II. DEVICE DESIGN

A schematic structure of the fabricated DFB laser is shown in
Fig. 1. The BH possess many advantages such as low threshold
current, stable output beam, and low thermal resistance. How-
ever, conventional p–n blocking layers show a large capaci-
tance and a small bandwidth. In this work, Fe-doped semi-insu-
lating current blocking layers were used to achieve high speed
and stable operations simultaneously. It has been known in In-
GaAsP–InP material systems that electron overflow, nonuni-
form carrier injection into QWs, Auger recombination rate, and
optical loss of intervalance band absorption (IVBA) are possible
causes of a low value and a small frequency bandwidth at el-
evated temperatures [7]. Thus, it can be considered that the poor
temperature dependence of a InGaAsP–InP material system re-
sults mainly from the degradation of differential gain
and increase of threshold carrier density at high tempera-
ture.

Our DFB lasers are designed to maintain high and low
at high temperatures, which in turn results in high resonance

frequency . The resonance frequency can be expressed as

(1)

where , , , are the internal photon density, group
velocity, internal loss, and mirror loss, respectively. It can be
seen that is proportional to , , and . In con-
trast to an AlGaAs–GaAs material system, increasing is
not an appropriate approach to improve high-speed response
in an InGaAsP–InP material system. This is because a large
value of greatly degrades the values of , , and .
Our approach is to increaseand as much as possible,
which can be realized by increasing product (coupling co-
efficient multiplied by device length) as well as the facet re-
flectivities [8], [9]. The upper boundaries of and the facet
reflectivities are determined by the designed output power and
device single-mode yield. The values of the front- () and
rear-facet reflectivity ( ) are also optimized in terms of the
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Fig. 1. (a) Schematic view of a DFB laser and (b) energy band diagram of
strained-MQW active structure.

single-mode probability, optical output power, and frequency
response. Complex-coupled DFB lasers have superior charac-
teristics to index-coupled DFB lasers in the facet immunity,
single-mode probability, and low chirp [2]. Thus, we adopted
a loss-coupling scheme in our lasers. We attempted to improve

by employing two methods. First, modulation-doped
MQW active structure is introduced as shown in Fig. 1. Only
the barriers are selectively doped with Zn, which improves the
population inversion efficiency in the well without a signifi-
cant increase of an optical loss. Secondly, the detuning of lasing
wavelength from material gain peak was selected for high-tem-
perature operation. It is well known that the negative detuning
is effective in increasing in DFB lasers. The tempera-
ture-dependent wavelength shift of material gain peak is much
larger than that of the DFB laser wavelength [3]. The grating
pitch is selected to achieve a high at high temperatures.

III. FABRICATION AND PERFORMANCES

The device was grown by a four-step low-pressure metal-or-
ganic chemical vapor deposition (MOCVD). The cavity length

of 300 m, the mesa width of 1.2 m, and loss-coupled
uniform grating were used. An absorptive InGaAsP ( 1.4

m) grating was formed on a n–InP substrate. A newly devel-
oped three-step etching process was introduced to achieve a
deep and vertical mesa profile. The regrowth of current blocking

Fig. 2. Temperature dependence of light output-current characteristics for
1.3-�m DFB lasers.

layers was performed in order to minimize the leakage current
around mesa regions. The optical coupling coefficientwas ad-
justed in the range of 60140 cm by varying the InGaAsP
grating depth as well as the n–InP spacer thickness. As the
value of value increases, 3-dB bandwidth increases and both
single-mode probability and output power decreases. We exper-
imentally compared single-mode probabilities of loss-coupled
and index-coupled DFB lasers. The single-mode probability of
loss-coupled DFB lasers was 10%–20%, which was approxi-
mately 1.5 times higher than that of a index-coupled DFB lasers
for the same AR/HR facet coatings. The active layer consisted
of 0.8% compressively strained 6-nm-thick wells and0.2%
tensile strained 10-nm-thick barriers. The well number and the
bandgap wavelength of the barrier are 10 and 1.05m, respec-
tively. The MQW stack is surrounded by InGaAsP separate con-
finement heterostructure (SCH) layers, each 50-nm thick. These
MQW structural parameters were selected by applying the de-
sign of experiments (DOE) methodology. The facet reflectivi-
ties are also one of important parameters to determine dc and
RF performances at an elevated temperature. Experimental re-
sults showed that a lower front-facet reflectivity showed higher
slope efficiency, larger single-mode yield, and narrower 3-dB
bandwidth at 85 C. In our lasers, the front facet was coated
with low-reflectivity (3%) film and the back with high-reflec-
tivity (80%) film. The device was mounted on a heat sink in a
junction-down configuration due to our experimental setup.

Fig. 2 shows the typical dependence of current–light output
power characteristics for a device with an estimatedproduct
of about 2. The threshold current and slope efficiency are 8.5
mA and 0.4 W/A, respectively. The typical and lowest values of
threshold current at 85C were 36 and 26 mA, respectively. The
driving current of 5 mW at 85 C was as low as 56 mA. High
side-mode-suppression-ratio (SMSR) above 45 dB was main-
tained within the measured temperature range between 25C
and 85 C. Our experiments showed that the temperature de-
pendency shifts of the DFB lasing wavelength and material gain
peak wavelength were0.08 nm/ C and 0.36 nm/ C, respec-
tively. The grating pitch was adjusted for the detuning to be15
nm at 25 C and 30 nm at 85 C. Fig. 3 shows the measured
frequency responses of our DFB laser at: 1) 25C and 2) 85 C.
The maximum 3-dB bandwidths are 14 GHz at 25C and 12
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Fig. 3. Frequency responses of a 1.3-�m uncooled DFB laser at two different
temperatures, 25 C and 85 C.

GHz at 85 C. This high-temperature frequency response is one
of the most significant results to the best of our knowledge. The
origin of a relatively large roll-off shown in the frequency re-
sponses has not clarified yet. We are searching for an appropriate
reason by comparing junction-up and -down configurations.

To evaluate the high-speed performance of the uncooled
DFB laser, a transmission experiment was performed by using
a 20-km standard NDS fiber. A PRBS ( ) 10.3 Gb/s
binary sequence and a scaled-Gigabit Ethernet mask were
used in the experiments. Fig. 4 shows bit error rate (BER) at
the back-to-back and after 20 km at 25C and 85 C. The
optical output power was 6 dBm. The peak-to-peak modulation
voltage of 35 mA was used. Extinction ratio of above 7 dB was
obtained for all measured conditions. Negligible dispersion
power penalty of less than 0.1 dB was observed.

IV. CONCLUSION

Uncooled 1.3-m InGaAsP–InGaAsP MQW DFB lasers op-
erating up to 10 Gb/s were fabricated. Fe-doped semi-insulating
BH structure and modulation-doped and strain-compensated
MQW active layers were introduced for high-speed operation
at 85 C. Furthermore, the high-temperature performances
of our DFB lasers were optimized by the product, front-
and rear-facet coating reflectivities, and detuning wavelength

Fig. 4. BER characteristics at 25C and 85 C.

from the gain peak. Excellent high temperature performances
up to 85 C were achieved such as optical output power as
high as 17 mW, threshold current as low as 36 mA, and 3-dB
bandwidth as large as 12 GHz at 5 mW output. Negligible
dispersion power penalty over 20 km of standard NDS fiber
was achieved at 10 Gb/s for the temperature ranging from
25 C to 85 C. The results suggest that our DFB lasers can be
used as a light source for high-speed short- to medium-distance
optical communication networks.
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