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Abstract The amplification of super-Gaussian pulses in a system of bit rate 40 Gb/s
with duty cycle 0.5 by traveling-wave semiconductor optical amplifier (TW-SOA) is
investigated. The carrier wavelength of the super-Gaussian pulse is 1550 nm.
Simulative results related to pulse broadening due to nonlinear self-phase modula-
tion (SPM) phenomenon are analyzed and compared. This paper analyses the issues
of super-Gaussian pulse and spectrum distortion in semiconductor optical amplifiers
(SOA). It is shown that the amplified super-Gaussian pulse shapes and their spectra
are depended on the length of SOA and compared the results with the published
work.
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1 Introduction

Semiconductor optical amplifiers (SOA) are very important candidate in high-speed
optical communication systems [1–3]. The amplifiers can amplify ultra-short optical
pulses of the order of picoseconds [4, 5] as they possess very large bandwidth
(*few THz). In any amplifier, nonlinearities due to gain saturation leading to pulse
distortion because the leading edge of the pulse saturates the amplifier which
reduces the gain available for the trailing edge of the pulse [6, 7]. Under different
operating conditions, both pulse compression and pulse broadening can be obtained
in the saturation region but no such cases arise if pulse energy is a small fraction of
the saturation energy and hence the input pulse can be amplified without significant
distortion. Sometimes pulse shape may remain unchanged but spectrum can be
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distorted considerably which is particularly important where the changes in the
carrier density occurring as a result of gain saturation and leading to large change in
refractive index [8].

The spectrum shift depends on input pulse energy and the amplifier gain among
other things. The physical mechanism responsible for such shift is self-phase
modulation (SPM) occurring as a result of nonlinear refractive index variation
induced by gain saturation. Some investigations on pulse compression [9], wave-
length conversion [10], and Gaussian pulse broadening [11] by SOA have made by
us. This paper, in continuation of earlier works, analyses the issues of
super-Gaussian pulse and spectrum distortion in SOA.

2 Basic Equations

The material gain coefficient g per unit length depends on initial carrier density (Ni)
and carrier density at transparency (N0) [9] and is given as,

g ¼ rg Ni � N0ð Þ ð1Þ

where differential gain is rg. Therefore, net gain coefficient per unit length will be,

gT ¼ Cg� rs ð2Þ

where optical confinement factor is C, and loss is rs in per unit length of SOA. G0 is
the amplification factor when length is L, and therefore, G0 ¼ egTL. Using Eqs. (1)
and (2)

G0 ¼ e Crg N i�N0ð Þ�rsð ÞL ð3Þ

The carrier lifetime (tc) depends on the physical parameters of SOA, namely
surface and defect recombination coefficient (A), radiative recombination coefficient
(B), Auger recombination coefficient (C), and initial carrier density (Ni) [10], and
given as,

tc ¼ 1
AþBNi þCN2

i
ð4Þ

3 Simulation Layout

In Fig. 1, an optical signal of 1550 nm wavelength with 50 mW power is amplified
by a traveling-wave SOA (TW-SOA) in a system of bit rate 40 Gb/s with duty
cycle 0.5. Table 1 shows the various physical parameters used for SOA.
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4 Results and Discussions

Calculated value of carrier lifetime (tc) is 1.4 ns, bit period (Tb) is 25 ps, TFWHM is
12.5 ps, and T0 is 7.5 ps. Figure 2 shows the initial super-Gaussian pulse shape and
spectra of 5, 50, and 100 mW. Figure 3 shows the shape of the amplified pulses at
amplification factor of 29 dB.

In Fig. 3, the spectra of the pulses with multipeak structure and with
well-expressed right shift are shown. The new spectrum and the amount of the right
shift strongly depend on the initial pulse shape.

Now, the amplified super-Gaussian pulse (for same pulse and SOA parameters
as above) changes as a function from the length of the TW-SOA.

Fig. 1 Simulation layout

Table 1 Physical parameters of SOA

Parameters Value Units

Length (L) 0.0002, 0.0003, 0.0005 M

Width (W) 3 � 10−6 M

Height (d) 8 � 10−8 M

C 0.15 –

rs 0 1/m

rg 2.78 � 10−20 m2

N0 1.4 � 1024 m−3

Line-width enhancement factor 5 –

A 143,000,000 1/s

B 1 � 10−16 m3/s

C 3 � 10−41 m6/s

Ni 3 � 1024 m−3
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The values of the Length of the TW-SOA are set as 0.0002, 0.0003, 0.0005 m.
Figure 4 reveals that the length factor of the TW-SOA influences the pulse shape

and spectrum. For a fixed input power of 50 mW, optical confinement factor of 0.3
and zero internal losses with variable lengths (L) of 0.0002, 0.0003 m, 0.0005 leads
to an increase of power of amplified super-Gaussian pulse and the more the
amplification factor G0 increases, it increases the right shift also. The spectrum
develops a multipeaks. The dominant peaks right shifted means it shifts toward
longer wavelengths. Amplification factor G0 ¼ eðCrgðNi�N0Þ�rsÞL and therefore
increase of length leads an increase of amplification factor G0.

In Table 2, we can see that the amplified pulse gain will increase by increasing
the length of TW-SOA [8].

Fig. 2 Initial super-Gaussian pulses shapes and spectra

Fig. 3 Amplified super-Gaussian pulses of Fig. 2
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5 Conclusion

The amplification of super-Gaussian pulses by semiconductor optical amplifier
shows pulse broadening due to SPM phenomenon. SPM induced gain saturation
and hence carrier density variation in the gain medium is the basis for such
broadening. Simulative results show the pulse broadening and multipeak spectra
along with the amplification of the pulse. Results also show how frequency is right
shifted (so-called red shift) which is useful in group velocity dispersion compen-
sation in optical fibers. The study can be extended for chirped pulses as well.
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