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Optical communication systems that use wide-band optical semiconductor
amplifiers and high-speed signal processing
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Abstract: This work clarifies the analysis of the theoret- ical study of noise and transmission gain characteristics of
semiconductor optical amplifiers (SOAs), which are relevant in the novel local area optical communication systems. We
investigated the effects of noise on AlGaAs/ GaAs SOA transmission performance through the mea- surement of output
power, optical gain, the optical signal-to-noise ratio, and noise figure. It was observed that noise has a dramatic effect on
SOAs’ operation transmission efficiency, and the performance of the amplifier structure may be limited. If the drive
current and injection power atthe SOA can be changed and its active region length modified, then the variation of gain,
optical signal-to- noise ratio, and noise figure at the output of the structure can be obtained.
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Introduction

Social and multimedia networks are designed to provide high data rates. These networks are used to carry big and real-time
data such as video conferencing and video on demand [1, 2], where data losses are not allowed. Optical fiber cables
constitute the most appropriate communica- tion link. When compared to radio channels or electrical cables, they have large
bandwidth and provide low loss

levels [3-7]. It is clear that the demand for these types of networks and associated services will increase in the future;
therefore, the importance of using optical fiber cables will increase. Their use will be expanded for ap- plications of fixed
user locations. This calls for the development of optical fiber network components, espe- cially optical sources and detectors,
to keep pace withincreasing network requirements [8, 9].

Modern studies have focused on attaining and enhancing high-capacity optical networks [10-12], with multiplexing
techniques gaining the most attention in thisregard. Wavelength division multiplexing technique de- pends on slicing the
optical spectrum to multiple channels centered at different wavelengths [13-15], similar to the frequency division
multiplexed technique in the radio broadcasting system. Wavelength division multiplexing systems include opto-couplers,
optical amplifiers, wave- length multiplexers, demultiplexers, and tunable or fixed wavelength sources and detectors to cover
the entire rangeof operating wavelengths [16, 17]. These components and other nonlinear devices in the link may cause inter-
channel interference when optical pulses pass through them. Therefore, the various characteristic parameters of these
components are preferred to be uniform in the operating wavelength range. The wavelength stability of sources and channel
spacing are among the most important parameters of interest [18] and are studied to optimize optical link per-formance in
terms of inter-channel interference. The insta- bility of the source wavelength may drift it toward neighboring wavelength
channels. Many stabilizing schemes of wavelengths have been proposed to avoid wavelength drift [19]. Most of these
schemes adjust the source wavelength by comparing to a reference wavelength. Reducing channel spacing provides more
channels in the spectral range but causes crosstalk; this requires narrow bandwidth filters, while the demultiplexers’
resolution de-termines the channel spacing [20, 21]. In coherent receivers, the channel spacing can be smaller by two to four
times more than in noncoherent receivers [22-24].

Because of the development of optical fiber communi-cation technology, optical fibers have become the dominantcarrier of the
world’s communication data, with a large ca-pacity reaching 100 Gb/s [25-31]. This capacity must be
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accompanied by advances in signal amplification and pro-cessing [32-37]. Optical amplifiers are primarily used to boost light
signals and in other applications, such as light switching and optical wavelength conversion [38-51]. Therefore,
semiconductor optical amplifiers (SOAs) can berelied upon to make a big leap in the development of optical fiber networks.

coefficient, n; is input coupling loss, Ip is the operating current, No is carrier concentration, and Ts is the sponta- neous
recombination lifetime of the carriers. The amplifier

gain is usually specified in dB scale as the following expression [7-40]:

travelling-wave amplifier (TWA) has attracted consider- able attention. TWA is superior to the Fabry-Perot amplifier
(FPA) in gain saturation, gain bandwidth, gain ripple, and noise figure. Figure 2 shows a TWA that worksas a single-pass
amplifier. TWAs require a higher pump- ing rate to obtain a desired gain. Unlike Fabry-Perot amplifiers, TWAs have no
mirror reflections, which can severely modulate the amplifier gain and considerably narrow the amplifier bandwidth
[9]. To reduce facet reflection for TWA fabrication, the TWA has antireflection

Where Gs is the gain, h is Planck’s constant, A is signal

Where B is electrical bandwidth. Where the shot to spontaneous noise, the spontaneous-spontaneous noiseare given by

the mathematical formula [1-40]:

coatings on the cleaved mirror facets and/or a tiltedwaveguide with respect to the facets.
The amplification of a signal with input power Pi in
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Figure 2: Signal gain variations in relation to the drive current for various active layer length of SOA.

Ip = 200 mA, 1.6 dB at Ip = 350 mA, and 12.8 dB at Ip = 500 mA for active amplifier layer length of 1 mm. As well
as the amplifier signal gain is 0.3 dB at Ip = 200 mA,



Hazem M. El-Hageen / International Journal of Management Research & Review

The set of the parameters for AlxGaiix)As material is recast with adjust as: B: = 10.906-2.92 x, B2 = 0.97501,B3 =
bsT% bz= (0.52886-0.735 x/To)’, for x < 0.36. And B4 = b4 (0.93721 + 2.0857 x 10* T); bs = 0.002467(1.14 x+1).

While for the parameters for GaAs material is recast as:

Table 1: Basic variables used in the study. Pin Signal power 10 dBm

A Signal wavelength 1550 nm
Variables Definition Values/units lo Drive current 200 mA-500 mA
C 8.906, C = 2.3501, C = c T, C =(0.25286/T ) . C4 L Active layer length 1mm-5mm

w Width of active layer 0.5 mm
(1 921 +0. 25710 47), and ¢t = 0. 03454 D Thickness of active layer 0.01 mm

r Confinement factor 0.75

Be Electrical bandwidth 1 MHz

Bo Optical bandwidth 1GHz

N, Spontaneous emission factor 1.5x10 " m?/s

R+ Input facet reflectivity 5x10°

R» Output facet reflectivity 5x10°

No Carrier density at transparency 1x10%m-

Ts Recombination lifetime of the 0.5 ps

carriers

Sm Material gain 3x10°m~

2o Gain coefficient 3x 10 m?

i Input coupling loss 0.5dB

Ko Loss coefficient based carrier 6200 m™’

Numerical Simulation, Resultsand
Analysis

independent absorption

The noise effect in the SOA device and its impact on the behavior of the structure over the operating variables. The signal

power is 10 dBm at signal wavelength A = 1550 nm. The drive current and the injection power can be studied at

the SOA input and by modifying its active region length, the variation of gain, NF and OSNR at the output of the structure.
The obtained results based on the clarified var- iables in Table 1, these parameters will be changed not only

and 25.6 dB at Ip = 500 mA for active amplifier layer lengthof 5 mm. As both drive currents and active layer length increase,
this results in the amplifier signal gain also increases.

Figure 3 shows the amplified spontaneous emission power in relation to the drive current for various active layerlength of SOA.
The amplified spontaneous emission power is

0.02 dBm at Ip = 200 mA, 0.16 dBm at Ip = 350 mA, and

1.28 dBm at Ip = 500 mA for active amplifier layer length of1 mm.

The amplified spontaneous emission power is 0.03 dBm at Ip = 200 mA, 0.24 dBm at Ip = 350 mA, and 1.92 dBm at Ip = 500 mA
for active amplifier layer length of 3 mm.

The amplified spontaneous emission power is

0.04 dBm at Ip = 200 mA, 0.32 dBm Ip = 350 mA, and

2.56 dBm atIp = 500 mA for active amplifier layer length of
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5 mm. As both drive currents and active layer length in- crease, this results in the amplified spontaneous emission power

also increases.
Figure 4 illustrates the Output (OSNR) variations withthe drive current variations for various active layer length of

SOA. The Output OSNR is 0.5 dB at a drive current of 200 mA, 1.5 dB at a drive current of 350 mA, and 6.5 dB at adrive
current of 500 mA for active amplifier layer length of1 mm.

As well as the Output OSNR is 0.76 dB at a drive current of 200 mA, 2.34 dB at a drive current of 350 mA, and 8.3 at a drive
current of 500 mA for active amplifier layer length of3 mm.

In addition to the Output OSNR is 1.75 dB at a drive current of 200 mA, 6.65 dB at a drive current of 350 mA, and
13.65 dB at a drive current of 500 mA for active amplifier
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Figure 3: Amplified spontaneous emission power in relation to the drive current for various active layer length of SOA.
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200

layer length of 5 mm. As both drive currents and active layer length increase, this results in the Output OSNR also
increases.
As shown in Figure 5, the noise figure variations with the drive current variations for various active layer length of
SOA. As both drive currents and active layer length in- crease, this results in the noise figure decreases.
The noise figure is 1.56 dB at a drive current of 200 mA,
1.2 dB at a drive current of 350 mA, and 0.9 dB at a drivecurrent of 500 mA for active amplifier layer length of 1 mm.As well
as the noise figure is 1.4 dB at a drive current of 200 mA, 1.1 dB at a drive current of 350 mA, and 0.8 at adrive current of

500 mA for active amplifier layer length of

3 mm.
In addition to the noise, the figure is 1.3 dB at a drive current of 200 mA, 1 dB at a drive current of 350 mA, and
0.65 dB at a drive current of 500 mA for active amplifier layer length of 5 mm.

Figure 6 clarifies the signal gain variations with the ambient temperature variations for various drive currents
based SOA. The signal gain increases with the increase of the amplifier drive currents with the adjustable of ambient
temperature at 300 K. The signal gain is 12.8 dB at a tem- perature of 300 K, 2.4 dB at a temperature of 350 K, 0.2 dB ata
temperature of 400 K for drive current of 200 mA.

The signal gain is 19.2 dB at a temperature of 300 K,

3.6 dB atatemperature of 350 K, 0.3 dB ata temperature 0of400 K for drive current of 350 mA. The signal gain is
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Figure 6: Signal gain variations with the ambient temperature variations for various drive currents based SOA.
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Figure 7: Variations of the noise figure with the ambient temperature variations for various drive currents based SOA.

25.6 dB at a temperature of 300 K, 5.324 dB at a temperature of 350 K, 0.4 dB at a temperature of 400 K for drive currentof
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500 mA.

As shown in Figure 7, the variations of the noise figurewith the ambient temperature variations for various drive
currents based SOA. The noise figure decreases with the increase of the amplifier drive currents with the adjustable of
ambient temperature at 300 K. The noise figure is
0.9 dB at a temperature of 300 K, 1.15 dB at a temperature of350 K, 1.56 dB at a temperature of 400 K for drive current of 200
mA.

The noise figure is 0.8 dB at a temperature of 300 K,1 dB at a temperature of 350 K, 1.397 dB at a temperature of 400
K for drive current of 350 mA. The noise figure is
0.65 dB at a temperature of 300 K, 0.9 dB at a temperatureof 350 K, 1.266 dB at a temperature of 400 K for drive currentof
500 mA.

Conclusion

The signal gain and noise figure of the SOAs were investi- gated and discussed in detail under the variations of ambient
temperatures and amplifier drive currents. The signal gain was enhanced and the noise figure was reduced under the control
temperature 300 K and a drive current of 500 mA. The output light signal per noise ratio, signal gain, noise figure, and
amplified spontaneous emission power were also adjusted and optimized under an active layer width of 5 mm, a
temperature of 300 K and an amplifier drive current of 500 mA. This study demonstrates that traveling wave SOAs can be
suitable for signal processing and wide bandwidth capability.
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