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offers low cost, compact devices, with a low power consumption. In
addition, fast switching and operation at wavelengths outside of the
1.55-pum band are possible. These advantages open the way towards the
use of optical amplifiers in new as well as in existing applications.

Applications under consideration for SOAs are short- and mid-
distance digital communication systems, for instance local area, ring
and/or access networks. In such systems, amplifiers are necessary to
compensate for the losses due to signal distribution and multiplexing, in
addition to fiber losses. Due to their high on-off ratio’s combined with
fast switching characteristics, SOAs can also be used as signal switching
elements, contributing greatly to the functionality of these networks.
Looking further ahead, SOA technology can be applied to implement
all-optical signal processing functions, such as add-drop multiplexing
and wavelength conversion in wavelength-division multiplexing
(WDM) systems. In the field of analog community antenna television
communications, SOAs are also gaining ground. Here, the availability of
1.3-pm wavelength amplifiers has stimulated the development of ana-
log-grade SOAs. Finally, SOAs are being applied in broadband light
sources and sensing applications, offering respectable performance im-
provements over conventional techniques.

The key device parameters that determine the performance of SOAs
in communication systems are gain, saturation power, and noise figure.
They depend on the material composition and design of the amplifier
active layer, on its length, and on its operating conditions (temperature
and current). Adjusting these parameters leads to optimization of the
amplifier for different applications. Ideally, high saturation powers and
low noise figures are required; the gain is chosen based on the applica-
tion. Progress in the field of SOAs has lead to the availability of amplifiers
with fiber-coupled saturation powers in the order of +15 dBm, noise
figures around 7 dB and gains in excess of 30 dB."

In order to meet the requirements imposed by many applications, a
number of performance issues must be addressed. Most important is that
of signal distortion, which arises from the fast gain recovery time inher-
ent to compound semiconductor devices. By “gain clamping” the ampli-
fier, a constant optical gain is created over a wide range of signal power.?
Gain clamping can be achieved by introducing laser action through
wavelength selective feedback using distributed Bragg reflectors. During
laser operation, the round trip gain is fixed to unity, and therefore the
single-pass gain itself is fixed irrespective of the input power. This prin-
ciple has been applied with success to reduce signal distortion in analog
SOAs.? In addition, gain clamping shows significant cross-talk reduction
in SOAs used in WDM systems.* Other issues such as polarization
insensitive amplification have been largely resolved by the use of combi-
nations of TE (compressive) and TM (tensile) strained quantum wells,
and square or tensile strained bulk-active layers.

The feasibility of SOAs is being investigated in various system trials.
Encouraging results have been demonstrated by several groups both in
the 1.3- and 1.5-pm windows. Semiconductor optical amplifiers are part
of the answer towards the new functionality that advanced fiber-optic
systems require.
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Semiconductor optical amplifiers (SOAs) are attractive for space switching
because they have up to 30 dB gain' and high on-off ratios of 4050 dB that
are required to overcome crosstalk induced penalty.” SOA gates do, how-
ever, have a limited input power dynamic range (IPDR) and thus limited
cascadability caused by amplified spontaneous emission (ASE) and by gain
saturation that leads to extinction ratio degradation.” The influence of the
latter can be reduced by using gain-clamped SOA gates (GC-SOA) for which
the gain is clamped for operation above lasing threshold.*

Here, a detailed investigation of the cascadability of GC-SOAs is
presented and compared to that of conventional SOAs for different bit
rates. The analysis is both theoretical and experimental and shows that at
2.5 Gbit/s more than 30 GC-SOAs can be cascaded while only seven
conventional SOAs (@ 1-dB penalty).

The superior performance of the GC-SOA is primarily the result of
the saturation characteristics. These are illustrated in Fig. 1 for a 1000-
pm-long GC-SOA (structure described in Ref. 5). Results for a 450-pm-
long SOA (described in Ref. 3) are also shown. Note, the excellent
agreement between measurements and theory. The gain of the GC-SOA
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TuH2 Fig. 1. Measured (dots) and calculated (lines) gain versus input power

for a 450-pm-long SOA gate operated at 40 mA and a 1000-pm-long GC-SOA
operated at 200 mA. The GC-SOA is realized as a DBR laser with two Bragg
sections of lengths 200 jm and an active section of length 600 pum.
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remains constant until the amplified signal power level becomes compa-

rable to the power of the lasing mode. Therefore, the extinction ratio

degradation due to gain saturation is reduced.

This is also seen in Fig. 2(a), showing a very high measured IPDR of
~19 dB at 10 Gbit/s (taken at 2-dB penalty because a pre-amplified
receiver is used). For a conventional SOA gate the usable IPDR is 10-15
dB at the same bit rate,® At 15 Gbit/s the IPDR for the GC-SOA is
reduced. At low input powers this is due to a higher required signal-to-
ASE ratio. At high input powers, bit patterning due to the relaxation
oscillations of the lasing GC-SOA causes limitations that get more pro-
nounced at higher bit rates as clearly illustrated in Fig. 2(b) by the 15
Gbit/s pulse trace. Still, operation at 10 Gbit/s is sufficient for most
network applications planned today.

In networks several gates must be cascaded. In the following we present
a theoretical analysis of the cascadability of GC-SOA and conventional SOA
gates. To make a fair comparison equal gains of 20 dB are used. Additionally,
equal signal-to-ASE ratios are ensured with an input power to the GC-SOA
of =15 dBm (noise figure is ~11 dB) and —21 dBm to the SOA (noise figure
is ~5 dB). Figure 3 shows the penalty and extinction ratio versus the number
of cascaded gates at 2.5 and 10 Gbit/s. At 2.5 Gbit/s more than 30 GC-SOAs
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TuH2 Fig.2. (a) Measured penalty (pre-amplified) versus input power for a

1000-p.m-long GC-SOA operated at 200 mA. Results are given at 10 and 15 Gbit/s. (b)
Measured pulse trace for gated signal at 15 Gbit/s at an input power of ~~5 dBm.
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TuH2 Fig. 3. Theoretical investigation of the cascadability at 2.5 and 10 Gbit/s
for SOA an GC-SOA gates. The gain for both gates is 20 dB. The input power to the
SOA gate is —21 dBm while —15 dBm to the GC-SOA.

can be cascaded with a penalty <1 dB. This is far superior compared to the
conventional SOA for which the cascadability is limited to ~7 gates at 2.5
Gbit/s. Furthermore, it is noted, that even at 10 Gbit/s where the accumula-
tion of ASE starts to become a factor and where the influence of relaxation
oscillations sets in, the number of GC-SOAs that can be cascaded is higher
than for the SOA at 2.5 Gbit/s.

In conclusion, the effective gain clamping and thereby limited extinc-
tion ratio degradation of GC-SOA gates make them attractive for network
applications where high switching speeds and cascadability are required.
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Clamped-gain semiconductor optical amplifiers (CG-SOAs) have
already demonstrated their great potential for fast optical space switching
of wavelength-division multiplexing (WDM) channels both in cross-




