
Abstract : In this paper, we have carried out the simulative 
analysis for averaging out the optimal value of RIN for better 
performance in high bit rate optical transmission link. The 
impact of linewidth and its limiting value is investigated for 
optimal performance.
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I. Introduction
Today’s optical transmission links are targeting a bit rate in T 
bits/sec, which is possible only if we are able to control various 
transmission affecting parameters like attenuation, dispersion, 
fiber non-linearties and relative intensity to noise (RIN). Focus 
on development of broadband optical communication system 
is incredible since it offers combination of wide bandwidth 
and low losses unmatched by any other transmission medium 
but besides dispersion, fiber non-linearities and RIN remain 
inherent limitations to such systems thereby degrading the 
performance [1-3]. Therefore, in order to realize broadband 
optical communication systems and networks, it is imperative 
to study and analyse the impact of RIN. In the present scope 
of our work, we have focused mainly on RIN. It has been 
shown that RIN induced by dispersion at first-order dispersion 
wavelength in single mode fiber transmission lines and small 
signal frequency response of a linear dispersive single-mode 
fiber near zero first-order dispersion wavelengths was observed 
[4-5]. Laser diode modulation and noise, which may be intensity 
noise or phase noise, limits the system’s performance [6]. A 
considerable FM-AM noise conversion occurs in dispersive 
fiber-link, which must be taken into account when designing 
analogue sub carrier distribution systems [7]. DBF laser RIN 
degradation occurs in CATV light wave transmission system [8]. 
For a link-length of 10km at λ=1.55 μm, RIN values between 
-125 and -145 db/HZ are expected for frequencies between 
1 and 10 GHZ. These RIN values can be reduced either for 
laser diodes with narrower linewidth or for fiber links with 
lower dispersion [9]. However, in addition to the FM-AM noise 
conversion, nonlinear distortion caused by FM-AM conversion 
must be accounted for in analogue systems. The Influence 
of fiber nonlinearity on the conversion of laser and optical 
amplifier phase noise, intensity noise by fiber transmission was 
investigated in [9]. A very good agreement of RIN spectra at the 
output of a standard single mode fiber between experimental 
data and theoretical prediction was achieved. Results reveals 
that the fiber nonlinearity and dispersion can enhance the 
RIN magnitude significantly and lead to the shift of RIN dips 
towards higher frequencies and consequently to a broader RIN 
spectrum at the fiber output. The theory presented provides 
a tool in order to reduce RIN in cascaded optical amplifiers 
systems, by suitable choice of system parameters. It may 
provide basic information to minimize detrimental RIN effects 

in future communication systems. Further, the expression for 
RIN including higher order dispersion term was derived using 
small signal analysis [10]. It was shown that the second order 
dispersion term was having negligible effect on RIN. Later on 
Large signal Analysis of FM-AM conversion in Dispersive optical 
fibers for PCM systems including Second order dispersion 
was carried out [11].  However none of the researchers have 
evaluated RIN for another important parameter laser line width 
with dispersion compensation. 

II. Theory
The output of semiconductor laser exhibit fluctuations in its 
intensity, phase and frequency even when the laser is biased 
at constant current with negligible current fluctuations. The two 
fundamental noise mechanisms are spontaneous emission and 
electron hole recombination. Noise in semiconductor lasers 
is dominated by spontaneous emission. Each spontaneously 
emitted photon adds a small field component to the coherent 
field (established by stimulation emission), which is random in 
nature and thus perturbs the both amplitude and phase in a 
random manner. The occurrence rate of such a spontaneously 
emitted random field is about  1012 s-1  [1-3].  Because of which 
intensity and phase of emitted light exhibit fluctuations over a 
time scale as short as 100ps. Intensity fluctuations lead to the 
limited signal to noise ratio (SNR) where as phase fluctuations 
leads to the finite spectral linewidth when semiconductor lasers 
are operated at constant current. Clearly such fluctuations 
lead to the degradation of system performance, therefore it is 
important to estimate their magnitude. Amplitude fluctuations 
are characterized by a factor called as Relative Intensity to 
Noise ratio (RIN)

III.  System Description
The simulation set-up for modeling of RIN determination 
method using standard fibers is shown in Fig. 1.
The transmitter section as shown in the Fig.1, consists of data 
source, electric driver, laser source and amplitude modulator. 
The data source is modulated using NRZ data format at 9.953 
Gb/s. The laser is of the type CW Lorentzian with laser center 
emission frequency 1550nm (193.4145 THz). The amplitude 
modulator is of type sine square with excess loss of 3 dB. The 
simulation bit rate is 9.953 GHz.  The output of modulator is 
fed to optical link consisting of three optical spans of length 50 
km each measuring total link length of 150km having booster, 
optical splitter and an standard optical fiber. The optical splitter 
is connected to correlate the signal at input and output of three 
optical spans using optical spectrum analyzers. The EDFAs 
are of fixed output power type each with noise Fig. of 5 dB. 
The output is detected at the receiver by PIN detector with 
responsivity 0.875 and is passed through electric filter and 
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output is observed on electroscope. The electric filter is of the 
type Bessel with -3dB 

Fig. 1 : Simulation setup bandwidth equal to 8GHz. The 
electroscope gives eye diagram, Q value, bit error rate and 
eye closure penalty. The effects of fiber non-linearities and 
polarization mode dispersion are also considered in the 
simulative analysis.

IV.  Results and Discussions
A pseudo random sequence length of bits taken one bit 
per symbol is used to obtain realistic output values at the 
receiver. Firstly, to observe the impact of RIN upon system 
performance, simulation results are obtained for linewidth. It 
is investigated that it causes a sudden fall in optical power with 
gradual increase in the linewidth for the pulse. Iterations were 
carried out in the simulation setup in which linewidth varied 
from 1.23 to 14 (refer Table 1). It was observed that increase 
in linewidth causes degradation of system performance as 
BER, timing jitter and Q values degraded drastically. Output 
electric power correlated with linewidth and results are shown 
in Fig. 2. The output electrical power remains almost constant 
up to linewidth value of 6-7MHz but as the linewidth value is 
increased further and approaches14 MHz, there is a loss of 
optical power measuring 50% and even more. 

Fig. 2 : Response of output power w.r.t linewidth

Eye opening is defined as the difference between the minimum 
values of the samples decided as logical one and maximum 
value of the sample decided as logical zero. Average eye 
opening corresponds to difference between the average values 
for the samples. It is observed that as the linewidth and receiver 
attenuation is increased, the eye opening decreases. This can 
be explained on the basis of the fact that increase in linewidth 
or the receiver attenuation will introduce more dominance to 
RIN and its cumulative effect with fiber nonlinearities. The ratio 
of average eye opening to the eye opening expressed in dB 
is a measure of eye closure penalty. The plot of this penalty 
and relative intensity to noise parameter (r) is shown in Fig. 3. 
Further, RIN is correlated with Q value as shown in Fig. 4 and 
it is investigated that its value should be negative.
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Fig. 3 : Response of power Penalty w.r.t RIN parameter

For positive values of RIN, Q value is found to be very less as 
compared with the negative values of RIN. In this paper we 
have iterated the values of RIN from 10 dB/Hz to -180 dB/Hz 
and different parameters are observed. We found that Q value 
remains constant for negative values of RIN up to around -120 
dB/Hz with further decrease in its value Q value decreases and 
again tends to be constant up to -160.dB/Hz.
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Fig. 4 : Response of Q value w.r.t RIN

Table1: Iterations for Attenuation , Linewidth and RIN

S.No No. of Runs Rx Attenua-
tion

Line 
width

RIN

Run 1 0 1.23 10

Run 2 0.1 4.24 00

Run 3 0.2 7.13 -10

Run 4 0.3 8 -50

Run 5 0.4 9 -80

Run 6 0.5 10 -90

Run 7 0.6 11 -120

Run 8 0.7 12 -150

Run 9 0.8 13 -170

Run 10 0.9 14 -180

Fig. 5 : Eye pattern for RIN = -155 dB/Hz and Linewidth = 6.5 
MHz

Fig. 6 : Output spectrum for RIN = -155 dB/Hz and              Linewidth 
= 6.5 MHz

V. Conclusion
In this paper, we have concluded that linewidth of pulse has a 
remarkable effect upon system performance. It is investigated 
that increase in linewidth results in increase in RIN and hence 
performance of system degrades. RIN values for a link length 
of 150 km were obtained while taking into account the fiber 
non-linearities and polarization mode dispersion effect. We 
investigated the optimal values for linewidth and RIN for better 
performance. The limiting value of linewidth should be 6.5MHz 
up to which optical power remains almost constant and RIN 
value corresponding to this linewidth is measured to be -155 
dB/Hz. and the average value of RIN is measured to be -125 
dB/Hz.. 
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