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Abstract wbM (wavelength division multiplexing) is used in this project to simultaneously send
data over several channels at high speed. Single mode fiber is favored over Multimode fiber for
long-distance communication. As data rate and optical fiber length grow, the quality factor falls.
Dispersion effects on an 8-channel dense WDM system at a high data rate will be examined using
the Optisystem 10 simulator. A dispersion compensation fiber (DCF) and an Erbium doped fiber
amplifier (EDFA) are used to compensate for the dispersion and attenuation in the transmitted
optical signal, respectively. Bit error rate (BER) and eye diagram analyzers were used to evaluate
the optical communication system's performance.

Keywords: Wavelength division multiplexing, dense wavelength division multiplexing, dispersion
compensation fiber, erbium doped fiber amplifie.

Introduction

With the advent of high-speed internet, low bit error rate optical fiber networks are becoming increasingly
common, allowing for high-capacity communication between transmitter and receiver. Dense wave
length division multiplexing (DWDM) is being used to expand the number of channels available in optical
fiber. The DWDM technology allows the transmission of optical signals with varying wavelengths, and
there are a vast number of channels available in WDM [1]. Both an Intrinsic and an Extrinsic Method are
used to flatten the Gain of EDFA. Intrinsic approach is favored for systems with small bandwidth
requirements, while extrinsic method is preferred for systems with big bandwidth requirements. WDM
channels has the channel spacing of 1 nm. When dealing with high input laser power, RZ modulation is
favored over NRZ modulation in most cases. Attenuation and chromatic dispersion lower the
performance of the system as a result of the pulse broadening, and the peak amplitude decreases as a
result of the pulse Broadening [2]. When communicating over vast distances, EDFA is employed. A
single EDFA is capable of amplification of many wavelength signals at the same time. Because of the
interaction with Erbium ions, signals are magnified [3-5]. It is possible to equalize the Gain of EDFA with
the use of several Pumping methods; nevertheless, these methods are chosen because of their
characteristics such as high gain, low noise, and wide bandwidth [6]. With a 10 Gbps data throughput
per channel and a 1 nm wavelength separation, the primary goal of this study is to develop an 8-channel
WDM system. Dispersion compensation fiber is used to correct for the dispersion caused by single mode
fiber in the system [7]. Results: The dispersion limits the system's performance. Dispersion
compensation fiber has been utilized to address this issue. Dispersion compensation fiber with a
negative chromatic dispersion is used between amplifier spans, whereas conventional single-mode fiber
is used at each amplifier position. A WDM system with 8 channels has been designed using this methods
[8-10]. This study can be expanded to include more channels, such as 100 or more, with much narrower
wavelength separation. It transmits user data over a variety of frequencies. In addition to DCF's, EDFA's
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are utilized to enhance and regenerate the optical signal [10]. The EDFA (Erbium-Doped Fiber Amplifier)
is the recommended long-distance amplifier [11]. The term "pre compensation” refers to EDFA being
used before SMF, and "post compensation” refers to EDFA being used after SMF [12]. Both of these
methods can be utilized in conjunction with one another to generate and deliver an optical signal of high
quality to the transmitter [13]. An EDFA's noise figure and gain are affected by fiber length [14-18]. The
following table lists the various transmitter-side parameters that were derived through simulation using
the optisystem software.

System Design and Simulation

Figure 1 depicts an 8-channel WDM system without dispersion compensation and an optical amplifier.
This system is being used to investigate and compare the functionalities of the dispersion compensation
fiber (DCF) and the optical amplifier before and after adding the compensation components. According
to the proposed design, the transmitter of the system is composed of electrical information signals that
are generated by a (Pseudo Random Bit Sequence NRZ Generator), while the optical carrier signals are
generated by CW Lasers of various wavelengths. Both information and carrier signals are inserted into
the Mach Zehnder modulator (MZM) and modulated into optical signals that are coupled to the WDM
multiplexer and then to the optical fiber channel. The demultiplexer is used on the receiver side to
separate the received signal into its constituent parts, after which the photodetector converts the received
optical signal to an electrical signal in order to recover the information signal, and finally the low pass
filter is used to separate the high frequency carrier signal from the lower frequency information signal.
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Figure 1. The 8 channels system without EDFA and DCF

Figure 2 shows that the dispersion and attenuation are considerable in an 8-channel system without
an EDFA or DCF; as a result, the signal-to-noise ratio (SNR) is low.
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Figure 2. The eye diagram of the 8 channels system without EDFA and DCF
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Figure 3. (a) The optical spectrum analyzer (OSA) of the 8 channels system without EDFA and DCF
before launching into the optical fiber
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Figure 3 (b) The optical spectrum analyzer (OSA) of the 8 channels system without EDFA and DCF after
launching into the optical fiber

The optical spectrum analyzer window is shown in Figure 3 (a) and (b) before and after the signal is sent
through the optical fiber channel, respectively. It's obvious that channel dispersion and attenuation have
an impact on transmitted signals, especially for long-distance communications.

Figure 4. The 8 channels system with EDFA and DCF

The suggested 8 channel system is shown in Figure 4 after the optical amplifier and dispersion
compensation fiber are added to overcome dispersion and attenuation caused by channel
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considerations. It is easy to see that the additional components improve the system's performance, as
illustrated in Figures 5 and 6.
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Figure 5. The eye diagram of the 8 channels system with EDFA and DCF

The eye diagram is improved over Figure 2 as a result of the optical amplifier and dispersion
compensation fiber being added. The dispersion and attenuation generated by the channel are
compensated as shown in Figure 6 (a, and b), and hence the optical spectrum analyzer window after the
fiber is similar to that before the fiber.
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Figure 6 (a) The optical spectrum analyzer (OSA) of the 8 channels system with EDFA and DCF before
launching into the optical fiber
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Figure 6 (b) The optical spectrum analyzer (OSA) of the 8 channels system with EDFA and DCF before
launching into the optical fiber.

Table 1 shows a comparison between the system performance before and after adding the dispersion
compensation fiber (DCF) and optical amplifier EDFA as a function of bit error rate (BER) with respect
to optical fiber length.

Table 1. BER as a function of optical fiber length under different conditions

Optical Fiber length (km) BER without (EDFA and DCF) BER with (EDFA and DCF)
5 0 0
10 0 0
15 0 0
20 0 0
25 0 0
30 4.85 *10"- 261 0
35 5.37 *10"- 174 0
40 1.51 *10"- 118 0
45 2.29 *10"- 082 0
50 4.60 *10"- 057 0
55 8.07 *10"- 040 0
60 7.22 *10"- 028 0
65 1.92 *10”- 019 0
70 1.26 *10"- 013 0
75 1.14 *10"- 009 0
80 5.80 *10”- 007 0
85 4.01 *10"- 005 0
90 0.0007 0
95 0.005 0

100 1 0

Without DCF and EDFA, the BER increased as the channel length increased, however with DCF and
EDFA, the BER of the system is fixed due to dispersion and noise cancellation.

Conclusions

The proposed work presents an optimized WDM link with dispersion compensation and attenuation
cancellation using DCF and EDFA. The performance of the system is constrained by dispersion and
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attenuation. To compensate for this, we employed a dispersion compensation fiber. Between the
amplifier spans, ordinary single-mode fiber is used, but a dispersion compensating fiber with a negative
chromatic dispersion is introduced at the amplifier position. We have successfully developed a WDM
system with 8 channels using this technique. Additionally, a variety of EDFA's can be used to amplify
and regenerate the signals. Additionally, this work can be extended to 16, 32, and 64 channels in the
future.
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