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Abstract

Four wave mixing (FWM) in optical fibers is an undesirable effect to an optical transmission system
that can cause a severe limitation in the wavelength division multiplexing (WDM) and reduces the system
performance. Within this paper, the normal intensity of RZ robustness modulation and the Modified-
Duobinary-Return—Zero modulation (MDRZ) on FWM was investigated. In addition, the performance of the
system under the fiber length variation effect was evaluated under the impact of (80) Gbps data rate for both
types of modulation format. The results showed that the RZ modulation introduces a minimum (FWM) power
of (-54) dBm at (70) kms fiber length, while MDRZ offers FWM power of (-44) dBm at the exactly same
fiber length, In-term of the performance of the system at channel 4, a minimum BER was noticed in normal
RZ modulation which equals to 2.27x10 - 43 at (-35.31) dBm received power. However, the BER was
4.98710-15 at the same received power and channel, in the existence of MDRZ modulation format. The
finding reveals the progress of RZ modulation in reducing the FWM crosstalk and enhances the WDM system
performance even with the impact of high data rates.

Keywords:— Optical Fiber, Four Wave Mixing.
I. Introduction

Modern systems of optical communication can be established through the use of wavelength division
multiplexing (WDM). WDM is the modern issue that permits very high capacity in optical networks. It
permits data to be transferred in huge amounts in different channels at different wavelengths [1]. In equally
spaced WDM optical fibers, the product terms that generated by FWM in the bandwidth of the system fall at
the channel frequencies, giving an increase to (FWM) cross talk [2]. The most significant defect of (FWM)
is reducing the performance of (WDM) optical networks which creates a probable distortion of the channel
energy wastage and the output signal [3, 4]. (FWM) comes when the refractive index inside the fiber varies
with the power [5]. Recently, to reduce the deleterious effects of FWM in WDM communication systems,
many techniques have been proposed [6, 7, 8, 9, 10, 11]. Gao & Jin studied the (FWM) in dispersion-
managed transmission lines putting in mind the power-dependent-phase matching. The conclusion was that
when the channel power is low, the FWM effect shows power-independent phase matching. Fabrizio et al
proposed a channel spacing allocation design to reduce the impact of FWM cross talk. It revealed that for a
10-channel system, selecting of suitable channel spacing can reduces the FWM cross talk and increases the
power at the receiver to (9) dBm. However, this design couldn’t decrease the FWM cross talk outside the
bandwidth of the receiver. Shao et al suggested an optical modulation transmitter which can transmit the
RZ-FSK signal. Through adjusting the frequency-tone-spacing (FTS) for a data rate 40-Gh/s FSK (with two
different values of FTS, 100-GHz & 60-GHz), it can improve the sensitivity of the receiver. The results
explained that the power penalties after transmission above (80) km SMF are (0.58) dB and (0.46) dB
respectively. The limitation of this work that no investigation of the effect of modulation format on FWM
power cross talk in-term of BER.

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under
a Creative Commons Attribution 4.0 International License.

42



http://creativecommons.org/licenses/by/4.0/
mailto:resources.1noora.salim@wrec.uoqasim.edu.iq
mailto:noora.salim@wrec.uoqasim.edu.iq

Journal of University of Babylon for Engineering Sciences, Vol. (27), No. (4): 2019.

Within this paper, we investigate the durability of RZ & MDRZ modulation format to the FWM
nonlinear under high data rate of 80 Gbps. The system performance is figured for fiber length variation effect.
This paper was organized as follows. In section (I1) we investigated the design of the system simulation and
the parameters. In Section 111 we introduced the results of our simulation system with discussion. At last, the
conclusion of this work was reported in Section V.

If three optical waves with frequencies fi, fj and fk are propagating in the fiber, they can interact via
the third order susceptibility of the material and new waves with the frequencies

fijk = fi; + fj — fk

I1. System simulation design and parameters

Figure.l illustrates the proposed configuration of the system of the receiver and the transmitter. At the
transmitter section, the continuous wave laser (L1-L14) array is used to generate the signal of the carrier.
The frequency of first user is set to (191.5) THz, and the spacing between each user is (100) GHz. Each user
is modulated with (10) Gb\s data rate. The external modulator comprised of MDRZ transmitter circuit or RZ
transmitter circuit and system design details is clear in [10]. Then, it is connected to the Mach-Zehnder
modulator (MZM), which acts like an intensity modulator. Post dispersion compensations map is used by the
optical link to compensate the dispersion in the link, which consists of two optical fiber with two amplifiers
(EDFAS) between them. The dispersion map is made of a single mode fiber (SMF) and a dispersion-
compensation-fiber (DCF). An EDFA amplifier with a gain of (10) dB and noise figure of (4) dB was used
in the transmitter to amplify the optical signal. Two types of nonlinear optical fiber were used namely, single
mode fiber (SMF) and dispersion compensation fiber (DCF). The signal was detected by using a PIN
photodiode for direct detection. PIN has a responsively (b) of (0.8) A/W. Then, it's passed through the low-
pass Bessel filter. The BER analyzer was connected directly to the electrical filter, which is used to create the
graph. Table (1) describes the system-simulation parameters.
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Figure.l A. System design parameter of receiver and transmitter of, RZ and MDRZ
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Figure.1l B. OptiSystem circuit of design parameter of receiver and transmitter of, RZ and

MDRZ

Table.1 Optical system simulation parameters

Parameter Unit Values
Fiber length, L Km 7010 95
Input power, Pi dBm -2
Dispersion, Dc ps/nm.km (16.87) in SMF and (-85) in DCF
Cross effective area, Aeff um? (70) in SMF and (22) in DCF
Degeneracy factor, D -- 6
Third order Susceptibility, X111 m3/w. s 6x10-1°
Speed of light, ¢ (m/s) 3x108
Input frequencies, Fin (THZz) 191.5-191.8
Channel Spacing, Af (GH2) 100
Attenuation factor, o (dB/ km) 0.2
Number of channels, Nc -- 4
Data Rate, B Gh/s 80
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Figure.l C. OptiSystem analysis of design parameter of receiver and transmitter of, RZ
and MDRZ

I11. Results and discussions

In this section, the effect of decreasing the fiber length on FWM power in an available RZ and MDRZ
modulation format. The performance of the system is simulated in-terms of BER between the two-modulation
format mentioned. The results are summarized as follows:

1. Investigate the FWM power using optical spectrum analyzer

System simulation was done under decreasing the fiber length values from 95 to 70km with RZ and
MDRZ modulation techniques. Figure (2-A) and (2-B) shows the optical spectrum of (70) km optical fiber.
It is clear from this Figures that the power of FWM was (-44) dBm in MDRZ modulation format, while in
the existence of RZ modulation technique, the power FWM was dropped to (-54) dBm.
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Fig 2. Optical spectrum analysis after 70 km fiber length of 40 Gb/s in the existence of
modulation format (A) RZ, and (B) MDRZ.
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2. Investigate the System Performance (BER) using BER tester.

Figure.3 explains the relation between BER and the received power under fiber length tuning. The
system performance has been performed sing single mode fiber (SMF) and in the case of normal RZ and
MDRZ modulation. It can be seen that as an increment in the received power decreases the bit error rate in
the system. It is observed from figure (3-A), at the first channel, the RZ modulation offered a minimum BER
of 2.09x10-38 at (-35.31) dBm received power. However, with MDRZ modulation, the BER was ~ 4.06x10-
27 at the same channel and received power. At the fourth channel, the trend of the system performance was
similar with the first channel. In case of RZ modulation, BER was 2.27x10-43 at (-35.31) dBm received
power, while in case of MDRZ modulation, BER was ~4.98x10-15 at the same received power and the same
channel.
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Figure.3 The relationship between the received power and BER for (A) (RZ-modulation
format effect) and (B) ( MDRZ modulation format effect).

More importantly, it can be concluded from the modulation behavior, that RZ intensity modulation is
more tolerant to nonlinear effect than MDRZ. Table.2; explain the summery of the comparison of the fiber
length reducing effect on the FWM power and system performance both modulation formats used. Fig.4
explains that the optimum eye diagram for both RZ and MDRZ modulation. It is obvious that the eye diagram
of RZ modulation is clearer and higher than the eye diagram of MDRZ modulation for the two channels. At
70 km fiber length, the optimum eye diagram was height with RZ modulation of BER (2.27x10-43) at channel
4. Inversely with MDRZ modulation, where the eye diagram was less clarity and high of BER (4.98x10-15)
at same channel. The More opening eye diagrams means that the RZ modulation has a higher tolerance to
nonlinear effect in high data rate and receiving bits (1 & 0) are correctly detected at the receiver without any
noise or interference.
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Fig.4: Performance of the ptimum Eye diagram at L = (70) Km of (A) RZ modulation of
BER 2.09x10-®at chl, (B) RZ modulation of BER =2.27x10- * at ch4, (C) MDRZ
modulation at of BER =4.06x10-? at ch1, and (D) MDRZ modulation of BER =4.98x10-° at

ch4 .

Tabel 2. Summery of fiber length effect on FWM and BER

Fiber Length | Modulation Minimum Minimum BER
(Km) format name FWM power Chi Ch4
(dBm)
70 RZ -54 2.09x10-38 | 2.27x10- 43
MDRZ -44 4.06x10-27 4.98x10-15
95 RZ -42 1.20x10-23 1.43x10-21
MDRZ -36 1.33x10-08 3.80x10-08

IV. Conclusion

In this paper, the performance of (WDM) optical system has been investigated under the effects of
fiber length variation and in an available of (RZ) intensity modulation and (MDRZ) modulation. Furthermore,
the study was conducted for the effect of reducing fiber length on (FWM) behavior. The results proved that
the (RZ) incurs the least (FWM) power, i.e. (-54) dBm, while (MDRZ) modulation incurs the most (FWM)
power of (-44) dBm. In-terms of the performance of system at channel 4, reducing the fiber length introduces
the lowest (BER) of 2.27x10-43 at a received power of (-35.31) dBm in (RZ) modulation. Nonetheless for
MDRZ-modulation format, it offers a (BER) with less than 4.98x10-15 at the same received power. At last,
it can be concluded that the (RZ) modulation offered more robustness to FWM crosstalk and improve the
performance of the system in-term of (BER) in contract with (MDRZ) modulation even with a high data rate
value.
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