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Motivation

Semiconductor optical amplifiers (SOAS) integrated with passive devices are
attractive for optical Datacom and Telecom systems due to their high gain
with small footprint and broad bandwidth operation.

Polarization insensitive operation of the SOAs is essential in enabling
transparent operation in all optical communication networks operating in
broadband communication wavelength range. Approaches to achieve
polarization insensitive (Pl1) SOAs have already been demonstrated with

* strained multi-quantum well (MQW) [1]

 and strained-bulk buried and ridge waveguide (WG) structures [2-5].

However, the realization of high gain PI MQW SOA has so far required

« growing technologies where high precision to engineer the energy bands
(for a desired wavelength emission band) [1].

Researchers have also realized SOAs based on bulk active layers but with

buried waveguide structure [2],[3].

« However, here tapering and window regions are required to improve the
coupling loss and facet reflectivity [3], making co-integration with
Integrated passive circuits even harder.

In this paper we report bulk ridge-type PlI SOA for 1.55um wavelength co-

Integrated with passive waveguides. The designed size of the bulk active

region renders them polarization insensitive over large current and

wavelength ranges, while relaxing the fabrication process based on simple
single-step grown unstrained active layers. This will also improve the SOAs
reliability. Experimental results of SOAs co-integrated with passive
waveguides show low PI operation and 17 dB net gain at different bias
currents and input optical powers.

Structure, Design and Fabrication

To achieve low PDG SOA, a layer stack was grown consisting of an
unstrained core of Q1.55 InGaAsP surrounded by a Q1.25 cladding, with a
total InGaAsP thickness of 500 nm. The thickness of the cladding and core
layers are optimized thereby the confinement factors of TE- and TM-
polarization are almost in the same order which allows to achieve low PDG
SOA. The SOA was then fabricated following the standard generic

Integration platform process offered by SMART Photonics B.V. [6]. An active

layer structure is grown using metalorganic chemical vapour deposition
(MOCVD) which is patterned and etched to leave the active layer structure
where needed. The islands are regrown with a Q1.25 waveguiding layer, after
which high resolution lithography and dry-etching is applied to pattern the
waveguides. A passivating dielectric layer is deposited as well as a
planarizing polymer, prior to metallization. To reduce facet reflections, a
dielectric AR coating is deposited. A schematic of the fabricated structure is
shown in Fig. 1.

(b)

Current source

e

 SOA >

Polanzation

Controller

Attenuator

Tunable laser

TLS : OSA
| J Fiber

(c)
REFERENCES
[1] Itoh, M., et al., JLT 24.3, p.1478, 2006.
[2] Michie, C., et al., JLT 24.11, pp-3920-3927, 2006.
[3] Morito, K., et al., JLT, 21(1), pp-176-181, 2003.
[4] Holtmann, Ch, et al., PTL 8.3, pp-343-345, 1996.
[5] Holtmann, Ch, et al., Optical amplifiers and their applications. Optical Society of America, 1993.
[6] Augustin, Luc M., et al., IEEE JSTQE 24.1, pp-1-10, 2017.

Results and discussion

The low polarization sensitive bulk SOA have been assessed using the set-up shown
In Fig. 1(c). Optical spectra of the amplified spontaneous emission (ASE) of a 1.5
mm long SOA for bias currents varying from 40 to 120 mA are shown in Fig. 2(a).
Due to the band-filling effect, an increasing of the bias current results in a blue shift.
The wavelength corresponding to the peak power shifts from 1621 nm to 1585 nm,
for 20 mA and 125 mA, respectively. Additionally, the ASE peak power increases
from -64 dBm to -36 dBm as well. Above 125 mA bias current, the gain of the SOA
equals the total losses (including AR facets), which in turn makes it start lasing. This
can be avoided by optimizing the AR coating further. Hence, at this step, the highest
possible bias current used for the SOA Is 125 mA.
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Fig. 2(b) shows the SOA gain at two different wavelengths: 1588nm (the Wavelength
corresponding to the peak power of ASE for 125mA bias current) and 1559.3nm
which is different from the peak wavelength. As shown the gain at 1559.3 nm is 12
dB whereas the gain of the SOA at 1588nm is 17 dB. Figure 2(c) shows the gain
spectrum of the SOA at bias current of 125mA. The peak gain is around 1580nm and
the SOA has at least 10dB gain in the broadband interval of 1550nm to 1610nm.

The polarization sensitivity of the chip gain is defined as the absolute value of the
difference of the chip gain for the linear TE and TM polarization which stands for
material gain of bulk active layer. Based on the designed layer stack (c.f. Fig. 1(a)),
same confinement factor for both polarization is achievable. Since the material gain
for both polarization are almost equal, one could expect the low polarization
sensitive SOA.
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Fig. 3 (a) and (b) shows the absolute magnitude of the polarization dependent gain
(PDG) versus the input power for the two different wavelength of interests, 1588nm
and 1559.3nm. As depicted in the figures below, by increasing the input power at a
fixed current (125 mA) the PDG also decreases. This result is in agreement with
theoretical simulation of other types of buried hetero-structure based SOAs [2].
Comparison of the two figures suggests that the overall PDG is lower for wavelength
of 1559.3 nm compared to 1588nm of half dB. This originates from the fact that the
corresponding gain (c.f. Fig. 2(b)) is 4dB lower for 1559.3nm wavelength compared
to the peak wavelength.

Conclusion

A low polarization sensitive ridge waveguide bulk SOA co-integrated with passive
waveguide Is realized with easy fabrication process and demonstrated. The SOA

module exhibits polarization dependent gain in the range from 3 dB to 0.3 dB as
function of the input power. Moreover, it exhibits a large gain of 17 dB for input bias
current of 125 mA.



