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Abstract: Polarization-insensitive AlGalnAs-nP semiconductor optical amplifier is realized at a wavelength of

1550nm. T he active layer consists of three tensile strained wells with strain 0. 40% . The amplifiers are fabricated to

ridge waveguide structure with 77 tilted cavity. The two facets are coated with two layers of anti-reflection Ti:0s/

Al20s5films. Residual facet reflectivity is found to be less than 0.03% . The semiconductor optical amplifer exhibits

20dB of signal gain and 7. 2dBm of saturation output power with an excellent polarization insensitivity (less than

0. 8dB) at 200mA and 1540nm window.
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1 Introduction

Semiconductor optical amplifiers (SOAs), in
conjunction with fiber optical amplifiers, will likely
be used in future optical network. For optical sig—
nal processing applications, SOAs have many ad-
vantages including high saturation output power,
fast gain recovery time, wide gain bandwidth, and
ease of integrability in photonic integrated circuits
(PICs). However, a disadvantage of SOAs is the
polarization sensitivity of the gain. This polariza—
tion dependence is not a limitation in cases where
input polarization to the amplifiers is fixed, as for
an integrated laser-amplifier. But it is unacceptable
in cases where input polarization fluctuates, as for
an optical receiver. A SOA with polarization-inde-
pendent will make possible of a variety of useful
PICs'"?. Previously, a number of study on 1550nm

polarization independent SOAs using bulk materi-
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al, tensile strained barriers, or both compressive
and tensile wells based on InGaAsP-dnP material
system have been reported”™”. AlGalnAs=nP ma-
terial system has shown an excellent material in
building uncooled laser diodes due to their superior
temperature characteristics over the conventional
InGaAsP-nP system'®”. In the current study, Al-
GalnAs-InP was examined for its potential for high
performance polarization insensitive optical ampli-
fiers using tensile strain in the quantum wells for
gain equalization. Koonath et al'”. reported a
1310nm polarization-insensitive optical amplifier in
AlGalnAs-dnP material system. In this paper, we
demonstrate a AlGalnAsdnP M QW amplifier em-
ploying tensile strained wells with nearly polariza—

tion-insensitive gain at 1550nm window.

2 Approach

In conventional SOAs which use bulk materi-
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als, optical gain in the TE mode is usually higher
than that in the TM mode. This is mainly due to
the different mode confinement factors for these
modes even though conventional bulk materials ex—
hibit polarization-insensitive optical gain. In multi-
pleqquantum-well (MQW) SOAs, the optical gain
is much larger for the TE mode than for the TM
mode, so it seems difficult to achieve polarization
insensitivity in MQW SOAs. Introducing tensile
strain offers a promising way of achieving polariza-
tion-insensitive output power. As pointed out by
several other papers published, under tensile
strain, the energy level of the light holes (1h) band
falls below that of the heavy holes (hh). This in-
creases the recombination rate between the conduc—
tion band and the light hole, increasing the TM
mode gain. The effectiveness of this approach de-
rives from the fact that the TM mode gain can be
enhanced, thus allowing a polarization-insensitive
optical amplifier'”. In conventional laser diodes
based on GalnAsP-dnP material system, a small
conduction band offset (AE.= 0.4AE,) seems to be
more responsible for the poor temperature charac—
teristics because the confined electrons can readily
overflow out of the quantum wells, and it has ob-
scured the improvement expected by the strain ef-
fect. AlGalnAs-dnP systems, in which the conduc—
tion band offset (AE.= 0.72AE:) is larger than
that of conventional GalnAsP-nP systems, result—

ing in a smaller overflow of electrons, has been

demonstrated. In this paper, the design and fabrica-
tion of 1550nm M QW AlGalnAs-nP polarization-
insensitive SOA using tensile strain in the quantum

wells for gain equalization are reported.

3 Device structure and fabrication

Figure 1 shows the structure of the 1550nm
AlGalnAs optical amplifier that was fabricated.
The structure was grown on 30mm n-type ( 100)
InP substrate in a commercial Emcore low pressure
( LP-

temperature and

metalorganic chemical vapor

MOCVD) at 700°C

9. 33kPa pressure. The active layer comprised three

deposition

system

tensile strained quantum wells having 10nm in
width and 0.40% of tensile strain, each separated
by lattice matched barrier regions of 14nm in
width. This active layer was sandwiched between
upper (0. 1um thick) and lower (0.15um thick)
AlGalnAs layers with 1.28um of bandgap wave-
length. Following these layers, a 1. Sum thick p-InP
cladding layer and a 0. 3um p" AnGaAs contact lay—-
er were grown. Moreover, 20nm thick pdnGaAsP
etch-stop layer with peak photoluminescence wave-
length for 1.24um was inserted above the 100nm
thick pdnP spacer on the top of the upper waveg-
uide layer in order to avoid the oxidation of Al-

GalnAs material. The material then processed into

p' AnGaAs

pIdnP

pdnGaAsP A= 1. 24pm

pnP

pAlGalnAs A= 1. 28um

AlGalnAs A= 1. 6pm e= — 0. 40%
AlGalnAs A= 1.28um

AlGalnAs A= 1. 6pm e= — 0. 40%
AlGalnAs A= 1.28um

AlGalnAs A= 1. 6pm e= — 0. 40%
AlGalnAs A= 1.28um

n=inP

n-inP substrate

Fig. 1

optical amplifier structure

2. 8um wide ridge waveguide devices
using standard fabrication techniques. These
Contact layer 0. 3um
Cladding layer 1. 5um
Etch=stop layer 20nm
Sllill'ﬁr 0‘ IO‘J“'[
Upper waveguide 0. luym
Tensile strained well 10nm
Lattice matched barrier l4nm
Tensile strained well 10nm
Lattice matched barrier l4nm
Tensile strained well 10nm
Down waveguide 0. 15um
Buffer layer 0. Sum
well

Schematic diagram of polarization insensitive 1550nm AlGalnAs/InP tensile strained quantum



73] Ma Hong et al.:

1550nm Polarization-Insensitive Semiconductor Optical -+ 747

waveguides had a tilt angle of 7° with respect to
crystallograghic axis for suppressing the residual
reflection from the end of facets. To minimize re—
flections from the cleaved facets, the two facets
were coated with antireflection (AR) Ti:05/A1203
films, and residual facet reflectivity was found to
be about 0.03%. T o obtain a better performance at
1550nm wavelength, we adopted a longer device

measuring for 650um.

4 Experimental results

Figure 2 shows gain spectra for the amplifier
at various bias levels for TE and TM polarized in-
put. The gain measurement was performed by cou-
pling tapered lensed single mode fibers to both
facets of the device. Coupling losses between such
tapered lensed fibers and the SOA were measured

to be about - 4dB per facet. The data were taken
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Fig.2 SOA gain spectra( TE and TM polarization)

at two bias levels(input power= - 25dBm)

using an Agilent tunable laser source module, and
86142B optical
(OSA). Input optical power was — 25dBm. The

an Agilent spectrum  analyzer
chip gain was as large as 20dB at 200mA and
1. 54pm wavelength, and the polarization sensitivi—
ty remained less than 0. 8dB over the entire range
of wavelength ( 1500 ~ 1590nm ). The 3dB band-
width of the gain spectra was more than 55nm. T he
gain as a function of output power is shown in Fig.

3. The 3dB saturation output power was 7. 2dBm at

the output facet. Figure 4 shows the polarization

resolved amplified spontaneous emission ( ASE)

spectra measured at 200mA. The 3dB optical band-
width of the ASE spectrum was 56nm and the am-

plitude of the gain ripple was bellow 0. 3dB.
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Fig. 4 Polarization resolved ASE spectra of SOA at
200m A

5 Conclusion

A polarization insensitive tensile strained well
multiple quantum well optical amplifier at 1550nm
wavelength in AlGalnAsdnP-based material sys-
tem is realized. Gain equalization is achieved
through introduction of 0.40% of tensile strain in-
to the quantum wells. Optical amplifiers show ex-
cellent gain matching with 0. 8dB of maximum gain
difference with 20dB of chip gain at 200mA driving

current and 1540nm wavelength.
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