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SOA and Raman amplification for 1310 nm DWDM transmission
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Abstract. In this paper, we investigate the utilisation of the semiconductor optical amplifiers and quantum-dot
laser based Raman amplifier in the high capacity dense wavelength division multiplexed 1310 nm transmission
systems. Performed simulations showed that in a 10x40 Gbit/s system the utilisation of athe single Raman
amplifier in a back-propagation scheme can extend the maximum error-free (bit error rate < 10°) transmission
distance by approximately 25 km in comparison with the same system utilising only thea semiconductor optical
amplifier used as a preamplifier. We successfully applied a Raman amplifier in athe 8x2x40 Gbit/s 1310 nm
polarization and dense wavelength division multiplexed transmission over 25 km. Conducted experiments
showed that the utilisation of a Raman amplifier in this system leads to the 4 dB improvement of the average
channel sensitivity in comparison with the same system utilising the semiconductor optical amplifiers. This
sensitivity improvement can be translated into athe higher power budget. Moreover, lower input optical power i
a system utilising Raman amplifier reduces the four-wave mixing interactions. Obtained results prove that the
Raman amplificationer can be successfully applied in the 1310 nm high capacity transmission systems e.g. to
extend the reach of the 400G and 1T Ethernet systems.

Keywords: 1310 nm, semiconductor optical amplifier, Raman amplifier, data communication, dense wavelength
division multiplexing, polarization multiplexing
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1 Introduction

The increasing _capacity demand on the short and medium range high capacity optical
transmission systems, utilised in e.g. local area networks (LAN), metropolitan area networks

(MAN) and data/storage centre interconnections, has resulted in a growing caused-the-growth

of interest in the 1310 nm wavelength domain.’* Moreover, utilisation of this transmission

window isfeatures a promising solution for a legacy fibre system capacity upgrade, since it

does not require very expensive installation of new fibres and, in addition, the 1310 nm
wavelength domain can be used in parallel to-the 1550 nm-ere. The 1310 nm window has the

advantages of reduced chromatic dispersion related distortions and a wide availability of

components.



To fully explore the potential of the 1310 nm transmission, efficient amplification
techniques are needed. Until recently, the only practical way to extend the reach of the 1310
nm transmission system was the utilisation of the-semiconductor optical amplifiers (SOAs).12
Other solutions like Raman amplifiers and praseodymium doped fibre amplifiers (PDFAS)
were not widely implemented because of their high cost and moderate performance-were-rot

The recent progress in the development of the high power 1240 nm quantum-dot (QD)

lasers® has caused thea decrease of the Raman amplifier costs and thus made it more
competitive with the SOA amplifier. The-presented-so-far research presented so far on the
1310 nm Raman amplification includes work on the discrete Raman amplifiers, where the
special highly-nonlinear fibres are used.5” This solution does not leverage one of the key
Raman amplifier advantages, which is the utilisation of the transmission fibre as an
amplification medium. In Ref. 8-11, the use of the distributed Raman amplifiers as the-reach
extenders limited to the passive optical networks (PONSs) is described. In Ref. 12 detailed
studies regarding the design and static performance of the 1310 nm Raman amplifier utilising
quantum-dot (QD) pumping lasers have been presented.

In this paper, we investigate the utilisation of semiconductor optical amplifiers and laser
based Raman amplifier in a high capacity polarization multiplexed (PolMux) and dense
wavelength division multiplexed (DWDM) 1310 nm transmission system. Through
simulations, we investigate the impact of the different amplification schemes (based on SOA
preamplifier and Raman amplifier) on the transmission quality of a ir-the 1310-nm-window

10x40 Ghit/s (400 Gbhit/s) DWDM system_operating in the 1300 nm window . Simulations

showed that the utilisation of athe Raman amplifier in a back-propagation scheme allows a
much longer error-free (BER < 10°°) transmission (ca. 55 km) than the utilisation of athe

single SOA preamplifier (ca. 30 km). Moreover, we experimentally compare the performance



of thean SOA amplifier and a Raman amplifier in athe high capacity 8x2x40 Gbit/s (640
Gbit/s) PoIMux DWDM 1310 nm transmission system with athe transmission distance of 25
km standard single mode fibre (SSMF). We analyze two systems: the first one utilises an SOA
booster amplifier and anthe SOA preamplifier, while the second employs a distributed Ramar
amplifier using the transmission line as a gain medium and anthe SOA preamplifier.
Conducted experiments showed superior performance of the system utilising Raman
amplificationier-with a the receiver sensitivity improvement of 4 dB, which translates to ca.
10 km longer transmission distance. Moreover, lower optical power at the fibre input, in case
of a-Raman amplification, reduces four-wave mixing (FWM) interactions and thus allows the
decrease of the channel spacing. Finally, the sensitivity gain can be used to eliminate the
necessity for forward error correction (FEC) and therefore reduces latency. Obtained results

lead to the conclusion that the-Raman amplificationers can-be successfully be applied in the

1310 nm DWDM high capacity transmission systems e.g. to extend the reach of the 400G and

1T Ethernet systems, with the reach of few dozen kilometres.

2 Impact of Different Amplification Schemes on the Transmission Quality of a in-th

D

1310-rm-Windew-400 Gbit/s DWDM System operating in the 1300 nm window

To investigate the impact of different amplification schemes on the transmission quality in the
1310 nm wavelength domain, a series of simulation experiments were made. AThe 10x40
Gbit/s system with the total capacity of 400 Gbit/s was implemented. The following schemes
were studied: a single SOA preamplifier and a single Raman amplifier in a back propagation
configuration were compared with respect to the maximum error-free (BER<107)

transmission distance. The back propagation was chosen due to the-better amplification

properties.'?



2.1 Single SOA Preamplifier

Figure 1 shows measured characteristics of the SOA amplifier used in the experiments:

‘ amplifier gain asin-the function of the wavelength (Fig. 1A), amplifier gain asin-the function
of the output optical power (Fig. 1B), amplified spontaneous emission (ASE) noise density

‘ asinthe function of the wavelength (Fig. 1C), and ASE noise density asin-the function of the
output optical power (Fig. 1D), for different values of the injection current. It may be
observed that the peak gain of the SOA amplifier is ca. 17 dB and this value corresponds to
the wavelength of 1285 nm. The 1 dB amplification bandwidth of the amplifier is ca. 40 nm,

‘ while its saturation output power is ca. 13 dBm.
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Fig. 1 The measured characteristics of the SOA amplifier used in the experiments:
Aamplifier gain asin-the function of the wavelength (A), amplifier gain asin-the function of the output optical
power (B), amplified spontaneous emission (ASE) noise density asin-the function of the wavelength (C), and

ASE noise density asin-the function of the output optical power (D), for different values of the injection current.



Figure 2A shows the setup used in the simulations investigating the maximum error-free
(BER < 10°°) transmission distance in-the of a 1310 nm wavelength domain 10x40 Ghit/s

DWDM system utilising a single SOA preamplifier.
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Fig. 2 The setup used in the simulations (A), the simulated SOA gain as-the function of the wavelength (B),

the simulated SOA gain as-the function of the output power (C).

Each of the ten transmitters consisted of a DFB laser with a linewidth of 10 MHz and a
random phase offset, and a modulator with the extinction ratio (ER) of 30 dB. In the
modulator, the continuous wavelength (CW) light was non-return-to-zero (NRZ)_-on-off
keying (OOK)-modulated with athe line rate of 40 Gbit/s; therefore, the total system capacity,
was_ 400 Gbit/s. The channels wavelengths were symmetrically evenly allocated around the
central wavelength of 1310 nm and the channel spacing was equal to 200 GHz. After
multiplexing in an ideal wavelength multiplexer without any losses and intra-channel
crosstalk, the signals were fed into athe standard single mode fibre (SSMF) transmission line
for which parameters were as follows: attenuation 0.35 dB/km, dispersion at 1310 nm 0
ps/nmxkm and dispersion slope 0.08 ps/nm?xkm. After the transmission line, the signals were
amplified in the SOA, demultiplexed in an ideal lossless wavelength demultiplexer, and
finally received in the following receivers, each of which consisted of the PIN photodiode
with responsiviity of 1 VV/A followed by the fourth-order Bessel low-pass filter with athe

bandwidth of 30 GHz. In the receivers, the shot noise and thermal noise were taken into



account. The outputOptical power of each transmitter was set to 0 dBm, so, after
multiplexing, the signal optical power was 10 dBm.

Figure 2B presents the simulated SOA amplifier gain as a-function of the wavelength,
while Fig. 2C shows the simulated amplifier gain as the-function of the output power for
different wavelengths.'® It is seen that the maximum gain of about 19.5 dB occurs for 1290
nm and the amplification bandwidth of the SOA is about 40 nm. Moreover, the average
saturation output power is about 15 dBm which corresponds to the value of real components.

Table 1 presents the utilised parameters values of the SOA model. To simulate the
amplifiers ASE noise, the Gaussian-distributed optical white noise source was utilised,
followed by optical filter shaping the noise characteristics.

Table 1 Standard SOA module parameters.*?

SOA parameter Value [unit]
Injection_Current 350 [mA]
Length 400 [um]
Width 3 [pm]
Height 250 [nm]
OptConfinement 0.15
InternalLosses 4000 [1/m]
DifferentialGain 2.78x10% [m?]
CarrierDensity Transp 1.4x10% [1/m?]
IndexToGainCoupl 3.0
RecombConstA 1.43%x108 [1/s]
RecombConstB 1.0x10°16 [m¥/s]
RecombConstC 3.0x104 [mb/s]
InitCarrierDens 4.0x10%* [1/m3]

Figure 3 shows the BER for each channel as -a-function of the transmission distance.
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Fig. 3 The BER for each channel of the 400 Gbit/s WDM system utilising athe SOA preamplifier,
as-the function of the transmission distance.

As it can be observed in the Fig. 3 the utilisation of a SOA preamplifier allows the error-
free transmission with BER < 107 over the distances up to 30 km. For longer distances the

performance of the channels degrades significantly.

2.2 Single Raman Amplifier in a Back-Propagation Configuration

Figure 4 shows the measured characteristics of the Raman amplifier used in the experiments:
amplifier gain asin-the function of the wavelength for 25 km of SSMF transmission line (Fig.
4A), amplifier gain asin-the function of the wavelength for 38 km of SSMF transmission line
(Fig. 4B), amplifier noise figure asin-the function of the wavelength for 25 km of SSMF

transmission line (Fig. 4C), and amplifier noise figure asin-the function of the wavelength for

38 km of SSMF transmission line (Fig. 4D), for different values of the 1240 nm pump power.
It may be observed that for the 25 km of SSMF the peak gain of the Raman amplifier is ca. 18
dB and this value corresponds to athe wavelength of 1312 nm. The 1 dB amplification

bandwidth of the amplifier is ca. 12 nm, while the noise figure is ca. 4 dB in the vicinity if the

1310 nm. For the 38 km of SSMF the peak gain of the Raman amplifier is ca. 20 dB and this

value corresponds also to the wavelength of 1312 nm. As in the previous case, the 1 dB



amplification bandwidth of the amplifier is ca. 12 nm, and the noise figure is ca. 4 dB in the

vicinity if the 1310 nm. All of those values stay-ir-agreement with conducted simulations.*?
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Fig. 4 The measured characteristics of the Raman amplifier used in the experiments:
amplifier gain asin-the function of the wavelength for 25 km of SSMF (A) and 38 km of SSMF (B), and
amplifier noise figure asir-the function of the wavelength for 25 km of SSMF (C) and 38 km of SSMF (D),

for different values of the pump power.

Figure 5A shows the setup used in the simulations investigating the maximum error-free
(BER < 10°®) transmission distance of in the 1310 nm wavelength domain 10x40 Gbit/s
DWDM system utilising single Raman amplifier in a back-propagation configuration. The
whole setup had the same settings as the one described in the previous section. The only
difference was the Raman amplifier in the back-propagation mode eenfiguration-used instead
of the SOA preamplifier.

Figure 5B presents the simulated Raman amplifier gain as a-function of the wavelength
while Fig. 5C shows the simulated amplifier gain as the-function of the fibre length.'? It can

be seen that the maximum gain is achieved for a signal wavelength of 1310 nm. The 1-dB



gain bandwidth is 8 nm for a pump power of 1200 mW and it increases to 10 nm with a
decrease of the pump power-te-10-rm at 800 mW and to 18 nm at 400 mW. The Raman
amplifier saturation output power is ca. 20 dBm. A decrease of the pump power from 1200

mW to 600 mW lowers the saturation power by only ca. 1 dB, from 20.3 dB to 19.1 dB.
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Fig. 5 The setup used in the simulations (A), the simulated Raman amplifier gain as-the function of the
wavelength for 40 km of SSMF (B), the simulated Raman amplifier gain as the-function of the output power fo

A =1310 nm and 40 km SSMF (C).

Figure 6 shows the BER for each channel as a-function of the transmission distance for
two levels of the pump power: 400 mW (Fig. 6A) and 700 mW (Fig. 6B).
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Fig. 6 The BER for each channel of the 400 Gbit/s WDM system utilising the Raman amplifier,

as the-function of the transmission distance for the pump power of 400 mW (A) and 700 mW (B).

As it can be observed in the Fig. 6 the utilisation of a single Raman amplifier in the back-

propagation configuration allows the error-free transmission with BER < 107 over the




distances up to 50 km for the pump power of 400 mW (Fig. 6A), and up to 55 km for the
pump power of 700 mW (Fig. 6B). Over these distances the performance of the channels
degrades as the result of the fibre attenuation. Moreover, it can be seen that for the pump
power of 700 mW and for short distances of 20-25 km the performance of some channels
degrades as the result of the Raman amplifier saturation, since the signal power at the output
of the transmission line is ca. 15 dBm.

It can be seen that the system utilising the Raman amplifier performs shews remarkably
better-performance than the one utilising the SOA pre-amplifier. Not only the error-free
transmission distance is longer, but also the quality of all channels is approximately the same.
This superior performance can be attributed to the lower noise figure of the Raman amplifier

as well as the lack of cross-gain modulation (XGM) and patterning effects.

3 Experimental Setups

The experimental setups utilising the simulated investigated-amplification schemes are
shown in Fig. 7. First scheme (Fig. 7A) utilises athe SOA booster amplifier and athe SOA
preamplifier. The second scheme (Fig. 7B) assumes the utilisation of athe Raman amplifier in
a back-propagation scheme and athe SOA preamplifier. In this scheme athe SOA booster
amplifier was not considered, since it would introduceeause too high optical power at the end
of the transmission line and subsequently would drive the Raman amplifier into saturation as

well as it would give rise to FWM interactions.

10
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Fig. 7 The experimental setups: SOA/SOA amplification scheme (A) and

Raman/SOA amplification scheme (B).

The transmitter in both cases consisted of eight lasers (A1...Ag) operating at wavelengths
1311.5 nm, 1312.9 nm, 1314.3 nm, 1315.7 nm, 1317.1 nm, 1318.4 nm, 1319.7 nm and 1321.1
nm having an output power of 5.0 dBm each. Continuous wavelength (CW) signals after
passing through the polarization controllers (PC) were combined in the AWG with the
average insertion loss of 4.1 dB and the polarization dependent loss of 1 dB. After the AWG
the signals entered the EAM which had a 3dB RF bandwidth of 39 GHz and athe static
extinction ratio (ER) of 14.0 dB. The EAM DC bias was set to -2.1 V and the electrical
voltage swing used was 2.6 VVpp. All of the optical signals were modulated simultaneously
with a 40 Gbit/s PRBS of a length 27-1, which is typically used in the data transmission
experiments, coming from a pattern generator (PG). The multiplexed OOK-modulated optical
signals were then split into two arms in a 3 dB coupler. The signals were delayed with respect
to each other by 55 bits in an SSMF providing partial decorrelation between the orthogonal
polarizations and were finally combined in the following PBC, which had the insertion loss <
1 dB and the polarization ER of 26 dB.

The transmission line segment was different for each investigated case. In the case of

SOA/SOA amplification scheme (Fig. 7A) the combined DWDM signals were firstly

11



amplified in the booster SOA Tx, which provided the gain of 13.5 dB and the total optical
power at its output was ca. 9.0 dBm. The optical signal was then transmitted in the SSMF
transmission line. The parameters of the 25.2 km long fibre were: attenuation at 1310 nm
0.325 dB/km, the zero-dispersion wavelength 1316.3 nm and dispersion slope 0.0873
psinm?xkm. After the transmission line the DWDM signals were amplified in the SOA Rx
(gain 12.5 dB, total output optical power 13.0 dBm) and then the entered the receiver.

In case of Raman/SOA amplification scheme (Fig. 7B) the signals were firstly amplified
in the distributed Raman amplifier, which used the-deseribed-earliertransmission line
described earlier as the gain medium. Two high power 1240 nm lasers were used as Raman
pumps. For each laser the operating temperature was 25 °C and the injection current was 1800
mA resulting in the output power of ca. 27 dBm for each laser. Pump signals were combined
by the polarization beam combiner optimised for 1240 nm wavelength (PBC1240) which had
the insertion loss of 1.3 dB. The pump signals were introduced into the transmission line by
the-Circulator 2 (insertion loss at 1240 nm 1.0 dB, insertion loss at 1310 nm 0.85 dB) and

after passing the transmission line the pump signal was removed by the-Circulator 1 (insertion

loss at 1240 nm 1.0 dB, insertion loss at 1310 nm 0.85 dB). With this setup the resulting ( Formatted: Font: Not Italic

achieved-Raman gain was around 14.0 dB. The DWDM signals after the transmission line
(and after the Raman amplification in the fibre) were further amplified in the SOA Rx
preamplifier (providing total output optical power of 10.7 dBm) and finally entered the
receiver.

In the receiver, the wavelength channels were demultiplexed in an AWG which had the
average insertion loss of 3.1 dB. Then, each wavelength channel was injected into the PBS to

perform the polarization demultiplexing. TheUtitised PBS, that was utilised, had the insertion

loss < 1 dB and the polarization ER of 26 dB. The dBemultiplexed signals were converted

into the electrical domain byir a photoreceiver (Rx) which consisted of a photodiode

12



integrated with a transimpedance amplifier. The photoreceiver had a 3dB bandwidth of 31
GHz, responsivity of 0.45 A/W at 1310 nm, differential conversion gain of 1600 V/W at 1310
nm and polarization dependence loss (PDL) of 0.2 dB. Finally, the electrical signals were fed

into an error detector (ED), where the signals quality in each channel was evaluated.

4 Experimental Results

The left side of the Fig. 8, plotted with blue lines, shows the optical spectra of both
polarizations after the booster SOA Tx, and after the preamplifying SOA Rx for SOA/SOA
amplification scheme. The power level of the signal injected into the transmission line (after
the booster SOA Tx) was ca. -4.5 dBm/0.1 nm per channel for each polarization and after the
preamplifying SOA Rx the signal reached the average level of -1.0 dBm/0.1 nm per channel.
The OSNR dropped from 30 dB after the SOA Tx to 28 dB after the SOA Rx. Moreover, no
FWM products were observed.

The right side of the Fig. 8, plotted with purple lines, shows the optical spectra of both
polarizations after the PBC, and after the preamplifying SOA Rx for Raman/SOA
amplification scheme. The power level of the signal injected into the transmission line (after
the PBC) was ca. -17.0 dBm/0.1 nm per channel for each polarization. After the amplification
in the preamplifying SOA Rx the signal reached the average level of -4.5 dBm/0.1 nm per
channel. The OSNR dropped from 45 dB after the PBC to 28 dB after the SOA Rx. Here, as

in the previous case, no FWM products were observed.

13
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Fig. 8 Optical spectra of the 8x2x40 Gbit/s 1310 nm DWDM PolMux system

in the SOA/SOA (left) and Raman/SOA (right) amplification scheme.

Figure 9 shows the results of the 8x2x40 Gbit/s BER measurements and captured 40
Gbit/s eye diagrams for channels 1 and 8, for both polarizations, for SOA/SOA (Fig. 9A) and
Raman/SOA (Fig. 9B) amplification schemes, obtained in the 25 km transmission experiment.
As it can be seen in Fig. 9 all eye diagrams captured in the both experiments show a clear eye
opening and indicate excellent operation of the transmission system. During the BER
measurements the error-free operation of the system was observed. The average sensitivity at
BER = 10"° was -2.8 dBm and -6.6 dBm for the SOA/SOA and Raman/SOA amplification

schemes respectively, resulting in the average sensitivity difference of 3.8 dBm.

14
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Fig. 9 Results of the 8x2x40 Gbit/s BER measurements and captured 40 Gbit/s eye diagrams for

SOA/SOA amplification scheme(A) and Raman/SOA amplification scheme (B)

in the 25 km transmission experiment.

It is seen that the system employing the Raman/SOA amplification scheme performs
significantly better than the one utilising SOA/SOA amplification scheme. The average
channel sensitivity of the system employing the Raman/SOA amplification scheme is almost
4 dB better than in the case of the SOA/SOA amplification scheme, which is caused by the
lower noise figure and lack of patterning effects in the Raman amplifier as well as the SOA
gain saturation. This 4 dB difference corresponds to ca. 10 km longer transmission in the
1310 nm wavelength domain over the SSMF fibre. Moreover, lack of the SOA booster
amplifier leads to lower optical power at the input of the transmission line and thus
considerably diminishes the impact of nonlinear effects like FWM. Therefore, the
Raman/SOA amplification scheme allows further decrease of the channel spacing, e.g. to 100

GHz, leading to more efficient utilisation of the 1310 nm wavelength domain.
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5 Conclusions

In this paper, we investigated the utilisation of the SOA and Raman amplifier in a high
capacity 1310 nm DWDM transmission system. Through computer simulations, we
investigated the impact of different amplification schemes (based on SOA preamplifier and
Raman amplifier) on the transmission quality in the 1310 nm window 10x40 Gbit/s DWDM
system. Simulations showed that the utilisation of a Raman amplifier in a back-propagation
scheme allows much longer error-free transmission (ca. 55 km) than the utilisation of the
single SOA preamplifier (ca. 30 km). We successfully applied Raman amplifier in the 640
Gbit/s 1310 nm DWDM transmission. We compared the performance of the SOA amplifier
and Raman amplifier in the high capacity 8x2x40 Gbit/s PoIMux DWDM 1310 nm
transmission system with the transmission distance of 25 km SSMF. Conducted experiments
showed outstanding performance of the system utilising Raman amplifier with the receiver
sensitivity improvement of 4 dB in comparison to the one utilising SOA booster amplifier.
Such improvement means ca. 10 km longer transmission distance for the Raman
amplification scheme. Moreover, lower optical power at the fibre input, in case of a Raman
amplification, causes no FWM products and therefore allows the decrease of the channel
spacing, e.g. to 100 GHz, thus leading to more efficient utilisation of the 1310 nm domain.
The achieved 4 dB improvement in the receiver sensitivity allows to remove the forward error
correction (FEC) from the transmission system and therefore leads to lower latency and
power consumption. Achieved results prove that the Raman amplifiers can be successfully
applied in the 1310 nm DWDM high capacity transmission systems e.g. to extend the reach of

the 400G and 1T Ethernet systems.
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Caption List

Fig. 1 The measured characteristics of the SOA amplifier used in the experiments:
amplifier gain in the function of the wavelength (A), amplifier gain in the function of the output optical power
(B), amplified spontaneous emission (ASE) noise density in the function of the wavelength (C), and ASE noise

density in the function of the output optical power (D), for different values of the injection current.

Fig. 2 The setup used in the simulations (A), the simulated SOA gain as the function of the wavelength (B),

the simulated SOA gain as the function of the output power (C).
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Fig. 3 The BER for each channel of the 400 Gbit/s WDM system utilising the SOA preamplifier,

as the function of the transmission distance.

Fig. 4 The measured characteristics of the Raman amplifier used in the experiments:
amplifier gain in the function of the wavelength for 25 km of SSMF (A) and 38 km of SSMF (B), and
amplifier noise figure in the function of the wavelength for 25 km of SSMF (C) and 38 km of SSMF (D),

for different values of the pump power.

Fig. 5 The setup used in the simulations (A), the simulated Raman amplifier gain as the function of the

wavelength for 40 km of SSMF (B), the simulated Raman amplifier gain as the function of the output power for

A =1310 nm and 40 km SSMF (C).

Fig. 6 The BER for each channel of the 400 Gbit/s WDM system utilising the Raman amplifier,

as the function of the transmission distance for the pump power of 400 mW (A) and 700 mW (B).

Fig. 7 The experimental setups: SOA/SOA amplification scheme (A) and Raman/SOA amplification scheme

(B).

Fig. 8 Optical spectra of the 8x2x40 Ghit/s 1310 nm DWDM PolMux system in the SOA/SOA (left) and

Raman/SOA (right) amplification scheme.

Fig. 9 Results of the 8x2x40 Gbit/s BER measurements and captured 40 Gbit/s eye diagrams for

SOA/SOA amplification scheme(A) and Raman/SOA amplification scheme (B)

in the 25 km transmission experiment.

Table 1 Standard SOA module parameters.
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