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Superluminescent diode using narrow-stripe selective
area growth at 1.3-um wavelength
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The performance and reliability of 1.3-um InGaAsP/InP superluminescent diode with a narrow-stripe selective area growth
structure are reported. The one-step forming active material and passive optical waveguide of active region are grown in a
metal organic chemical vapor deposition system. A 4.4-mW fundamental-transverse-mode output power is obtained under
injected current 200mA and 25°C, and the full-width at half maximum of the spectrum is 45.7nm. From the result of
accelerated aging test carried out for 3744 hours at the ambient temperature of 85°C, the extrapolated life is more than 7.3

years at an ambient temperature of 25°C.
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1. Introduction

Superluminescent diodes (SLDs) are attracting
widely attention and investigation due to their broad
emission spectrum and high power, which are required in
many applications, such as fiber optic gyro (FOG)[1-3],
optical tomography  (OCT)[4, 5],
wavelength-division  multiplexing (WDM)
testing[6], etc. High performance SLDs fabricated with
cost effective and reliable process are in high demand. In
the conventional process of buried
heterostructure SLD, active mesa stripe is formed by
semiconductor etching followed by a regrowth process.
An alternative is selective area growth (SAG). This SAG
method could be used to form active material and passive
optical waveguide directly, which can result in flat
(111)B and (100) plane growth and low propagation loss.
It no longer requires semiconductor etching for
waveguide formation, which will cause non-uniformity,

coherence
system

fabrication

roughness, and low reproducibility of the waveguide.
SAG structure can avoid oxidation problems in the
traditional etching process of InGaAlAs waveguide,
which maybe cause reliability problems. As a result of
material composition and thickness changes, SAG on a
semiconductor substrate covered with a patterned SiO;
mask can also control the bandgap energy of active layer

by changing the SiO; mask width during epitaxial
growth.

A high-quality growth condition could be obtained
by optimizing mask stripe width and direction, growth
temperature and pressure, V/III ratio, etc[7-11]. Many
types of semiconductor devices, such as InP/InGaAs
heterojunction bipolar transistor (HBT)[12], photovoltaic

device[13], 1.5-um InGaAsP/InP  superluminescent
diode[14], 1200nm ~ 1700nm tunnel junction
ultra-broadband  semiconductor  optical — amplifier

(SOA)[15], multi-wavelength DFB laser array[16],
extended range tunable laser source[17], have been
demonstrated using SAG method. It is noteworthy that
only very few works about SLD with SAG structure have
been reported.

In this work, we intend to fabricate bulk material
InGaAsP/InP SLDs with the narrow-stripe SAG structure.
In order to obtain fundamental-transverse-mode output
SLD, the window width has to be narrow enough, such
as 3um or less. Firstly, in section 2, theoretical aspect,
which is important for the successful design of new SLD
structure, is discussed on the basis of modeling approach.
The fabrication process of SLD is also described. In
section 3, experimental results are described and
discussed. To verify the reliability of the SLD devices,
long-term accelerated aging tests were also carried out in
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this section. Finally, in section 4, the results of this paper
are summarized and conclusions are given.

2. Simulation and experimental section

In this section, a numerical simulation of the SLD is
carried out by the rate equation and traveling-wave
equation[18]. The length, thickness and width of
In1xGaxAsyP1.y direct bandgap lattice-matching (x=0.47y,
y=0.63) bulk-material rectangle active region are 400um,
0.2um, and 2.8um, respectively. Fig. 1(a) shows the
simulation results of output power spectra for different
bias currents. As shown in the figure, the output powers
exhibit Gaussian-shaped spectra. As the current increases,
the peaks of the spectra shift from ~1330nm to ~
1290nm, which can be attributed to the band-filling
effect. The spectrum ripple increases with increasing
current, and Ghazal et. al.[19] have demonstrated that an
almost linear relation between ripple and output power.
Fig. 1(b) shows the total light output power as a function
of current.
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Fig. 1. Simulation results of output power spectra (a)
and total light output power (b) for different bias

currents

Samples were grown in a metal organic chemical
vapor deposition (MOCVD) system. Fig. 2 shows a
schematic view of the narrow-stripe selective MOCVD
InGaAsP/InP bulk material SLD fabrication process. (a)
Pairs of 0.1-um-thick SiO, mask stripe were patterned by
plasma enhanced chemical vapor deposition (PECVD) on
a (100) oriented Sn-doped InP substrate to form
3.0-um-wide window stripe wi in between. The mask
stripes were formed along the [011] direction and the
mask width w, was 5um in our experiment. (b) Selective
active layer growth was performed at a pressure of
100mbar, a temperature of 630°C, and a /Il ratio of 80.
(TMIn),
triethylgallium (TEGa), arsine (AsHs), and phosphine

Source materials were trimethylindium
(PHs). Epitaxial layers form bottom to top were
0.3-um-thick n-InP buffer layer, 0.08-pm-thick 1.1Q
InGaAsP undoped lower waveguide layer, 0.2-pm-thick
1.3Q InGaAsP active layer, 0.08-pum-thick 1.1Q InGaAsP
undoped upper waveguide layer, and 0.07-um-thick
p-InP upper cladding layer. The growth rates were
22nm/min, 20nm/min, and 10nm/min for InP, 1.1Q
InGaAsP, and 1.3Q InGaAsP, respectively. Then, the
selectively grown layers were surrounded by smooth
(100) and (111)B crystal planes. (c) The p-n current
blocking layers were grown by unselective regrowth
method after removing the SiO, mask stripes using
1HF:5NH3F:1H,0. The current blocking layers form
bottom to top were 0.4-um-thick p-InP, 0.02-pum-thick
1.1Q p-InGaAsP etching stop layer, and 0.4-um-thick
n-InP. (d) After depositing 0.1-um-thick SiO, mask by
PECVD, a current channel was then dug by both dry
etching and wet etching, and the n-type current blocking
layer just over the narrow stripe active layer was
removed. (e) Then, the p-InP cladding layer and
p-InGaAs contact layer were grown. (f) Finally, the
current channels and electrodes were fabricated. In order
to suppress lasing oscillation which results from the
simulated emission and multiple reflections at facets, we
introduced a 600-um-long (L2) absorbing region with a
400-um-long pumped region (L;) structure, as is shown
in Fig. 4(a). The structure reduces light feedback into the
active layer, and the estimation value of reflectivity was
calculated to be 1.57x10*, following the procedure
outlined by Utaka[20].
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Fig. 2. Schematic of device fabrication process (color online)

After alloying, the wafer was cleaved into bars and W S

the facets were deposited with a 168nm-thick single layer
zirconia antireflection (AR) coating in electron beam
evaporator equipment. As is shown in Fig. 3, the possible
range of reflectivity was calculated by the optical
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admittance method[21], when considering a fabrication
deviation (x5nm) of thickness. A reflectivity, superior to
0.6x10?, was obtained. Fig. 4(b) shows the
cross-sectional scanning electron microscope (SEM) 102

image of the light-emitting area before coating. A
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Trapezoid InGaAsP active region with a basic angle of Fig. 3. The calculated reflectivity range when considering

55° was formed and the bottom width was about 2.8um. a fabrication deviation (color online)

Then, the SLD bars were cleaved into chips and soldered (a)
to AIN heat-sink with p-side face upward. In our
investigation of the power and spectral characteristics,
we mounted SLD sample on a Peltier thermoelectric
element. Current was injected from a stabilized direct
current (DC) source and the spectra were measured by
coupling into a single-mode fiber.

Fig. 4. Schematic device structure (a) and

cross-sectional SEM image (b) (color online)
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3. Result and discussion

The optical spectra and powers from the front facet
side were measured. The spectra measured at
direct-current levels of 50mA, 100mA, 150mA, and
200mA are shown in Fig. 5. They were measured using a
YOKOGAWA AQ6370 optical spectrum analyzer with
0.02nm resolution. The peak wavelengths are 1314.1nm,
1306.8nm, 1312.3nm, and 1316.4nm, respectively. At
low injected current, the peak wavelength drops because
the band-filling effect (corresponding to spontaneous
emission). Then it gradually increases as the current
increases (corresponding to amplified spontaneous
emission), because it mainly depends on the bandgap
narrowing effect due to a temperature rise of the active
region[22] and the increasing injected carrier density[18],
and the carrier band-filling effect can be neglected since
the carrier concentration is nearly clamped in the
amplified spontaneous emission mode. The wavelength
shift coefficient is about 95.9nm/A in the linear region
from 50mA to 200mA in our experiment, which is also
seriously affected by the heating-sinking capability of the
submount. The full-width at half maximum (FWHM) of
the spectrum changes from 41.3nm to 45.7nm and the
corresponding coherence length, Leon=A2FWHM[23], lies
between 36.9um and 40.8um for SLD with different
injections. Fig. 6 shows the light output power versus
direct-current (P-1) curve. The maximum output power of
SLD with the SAG method was 4.4mW at a submount
temperature of 25°C.
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Fig. 5. Spectra of the SLD measured

at different current levels (color online)
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Fig. 6. P-1-V characteristics of the SLD device

at a submount temperature of 25 C (color online)
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Fig. 7. P-I characteristics of the SLD device before

and after coating (color online)

The output power against pulse-current (P-I)
characteristics before and after depositing AR coating on
the chip are shown in Fig. 7. It is found that there is no
clear threshold point below 160mA (point A) before
coating, which is due to the optical feedback suppression
by absorbing region. Then, above 160mA, the light
intensity of stimulated emission increases, and the light
intensity of the spontaneous emission increases because
of the AR coating. Following the procedure[24, 25], we
have calculated the loss coefficient « of the devices. Fig.
8 shows the measured output power characteristic versus
the active region length with driving current density J as
a parameter. Current density Jo at the threshold current
could be determined by the illustration. When J= Jo, the
output power is linearly proportional to active region
length L, and Jo is about 1.8KA/cm? At J>Jo, the
output power is an exponential function of active region
length. Then, we calculated the loss coefficient
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0=32.0/cm, using the power ratio P(I1)/P(l.) of two active
region lengths I, and I, at the current density 5SKA/cm2,
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Fig. 8. Output power characteristics as a function
of the active length (color online)

To investigate the reliability of the SLD, accelerated
aging test was carried out using 100mA under 85°C, and
the output powers of SLDs were re-measured under
100mA at room temperature to establish the amount of
degradation induced by high temperature operation. As
shown in Fig. 9, five SLD-COS samples were aged at
constant current for 3744h. By considering a drift of
-20% of output power as the failure criteria, the average
lifetime was calculated using linear extrapolation and
estimated to be 6553h at 85°C. We use the minimum
activation  energy allowed by the Telcordia
recommendation GR-468-CORE, i.e. 0.35eV. Then, the
SLDs’ mean time to failure (MTTF) at 25°C could be
obtained by calculating Arrhensius relation[26],

MTTF=7.3 years.
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Fig. 9. Accelerated aging output power data

of SLD samples

4, Conclusion

In this paper, devoted to the 1.3-um InGaAsP/InP
SLD with a narrow-stripe SAG structure, we have
reported performance and reliability. We modeled the
output spectra and light output power for different bias
currents by solving the rate equation and traveling-wave
equation. We fabricated the device samples and described
the optical characteristics such as the optical power and
the emission spectra. The characteristics of SLD were
obtained at 25°C by using a Peltier thermoelectric
element. We achieved the output power of 4.4mW at a
driving current of 200mA. The accelerated aging test was
carried out for 3744h at ambient temperature of 85C.
The results indicated that life exceeding 7.3 years at
25C.
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