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ABSTRACT
This paper discussed about Wavelength Division Multiplexing (WDM) and Erbium-Doped Fiber Amplifiers
(EDFA) and the performance of both WDM and EDFA in C-band frequency range. Optical amplifier is used to
compensate for the wakening of information during the transmission because of fiber optic attenuation. There are
three general applications of optical amplifiers that are in-line amplifier, power amplifier and also preamplifier.
Basically this paper analyzed the performance of an optical system based on the different factors, focusing in Cband frequency. The factors are the different wavelengths, the different length of EDFA, and also the three different
types of optical amplifier.
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1. INTRODUCTION
C-band as known as Conventional Band is the name given in one certain range of electromagnetic spectrum that
includes wavelength of microwaves that are used for long distance radio telecommunications. The C-band frequency
range for NATO is between 500-1000MHz and for IEEE is between 4-8GHz. For optical fiber communication, the
spectrum region for C-band is from 1530nm until 1565nm. Laser pump is a device used to induce stimulated
emission. Relay stations in fiber optic communications use laser pumps to boost signals.Laser pumping is the act of
energy transfer from an external source into the gain medium of a laser. The pump supplies energy to electrons in an
active medium, which raises them to higher energy levels to produce a population inversion.To obtain some of the
benefits of forward pumping without using direct coupling is to use higher order pumping. It amplifies the primary
pump waves and can reduce the amplifier noise figure. A co propagating higher order pump can be used to pump a
counterpropagating pump, thereby amplifying the counterpropagating pump at the signal input end of the fiber.Thus
the signal gain is increased at the beginning of the fiber. In general, the copropagating pump is of shorter wavelength
than the counter-propagating pump, and the counterpropagating pump is primarily responsible for the gain to the
signal wavelengths.
Wavelength Division Multiplexing (WDM) is the basic technology of optical networking [1]. It is a technique for
using a fibre (or subsequently optical device) to carry many separate and independent optical channels. The principal
is identical to that used when we tune our television receiver to one of many TV channels. Each channel is
transmitted at a different radio frequency and we select between them using a “tuner” which is just a resonant circuit
within the TV set.For long distance communication to achieve error free reception use of repeaters is essential but
repeaters are costly. Therefore we are using the combination of the optical amplifiers namely EDFA with proper
gain adjustment. By doing this we can achieve the greater distance at which repeater can be placed and causes
substantial advantage in reducing the number of spans. This will lead to saving the whole cost for communication
setup. Optical Amplifiers amplifies the optical signals noise and distortion.
Erbium doped fiber amplifier (EDFA) is capable to amplify light in the 1550nm wavelength region (which the
attenuation of silica fiber is minimum). The main configuration of EDFA consisting of: 1) The erbium-doped optical
fiber 2) The wavelength-selective coupler. 3) The pump laser. WDM is used to couple the pump signal into the
doped fiber. The purpose placing the isolator at the output of an amplifier is to prevent back reflection which able
damage amplifier performance. Normally, the EDFA configuration can be characterized by pumping schemes into
three arrangements: 1) Forward-pumped (co-pumped). 2) Backward-Pumped (counter-pumped) 3) Dual-pumped.
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Figure 1: Forward pumped EDFA structure [3]
Efficient EDFA pumping is probable using semiconductor lasers operating near 980- and 1480-nm wavelengths.
Most EDFA use 980-nm pump lasers because it can providing more than 100mw of pump power, and used in lownoises required. Pumping at appropriate wavelength provides gain through population inversion the gain spectrum
depends on the pumping scheme. The same thing happens with the presence of other dopants, such as alumina and
germanium, inside the fiber core. [4]It is important to choose an amplifier with the right characteristic for an
application. The most important characteristic of an amplifier are its gain, power output and for WDM its range
amplified wavelength. There are three types of EDFAs:
i.

Power amplifier

Figure 2: Power amplifier [5]
Power amplifier is placed immediately after the mixing stage at the transmitter end of the system. The input power
level will relatively high. The limitation of this amplifier is the total output power. [1]
ii.

Line Amplifier

Figure 3: Line Amplifier [5]
This amplifier is placed between the transmitter and optical amplifier. These amplifiers receive a low level signal
and then amplify it by as many dB as possible. 30dB is the best level amplifies. This amplifier limitation is the gain,
noise and the total output power. [1]
iii. Preamplifier

Figure 4: Preamplifier [5]
Optical amplifier is placed before end of the optical receiver to improve the sensitivity. The preamplifier has low
level of noise. Only a moderate gain figure is needed because the signal is being fed directly to receiver. [1]
Several optical parameters need to be considered during the simulations setup. The Q-factor is a function of the
means and the variances of the currents in the marks and in the spaces that are obtained experimentally in the time
domain using an oscilloscope. The Q-factor is a parameter that directly reflects the quality of a digital optical
communications signal. The higher the Q-factor, the better the quality of the optical signal.As the Q-factor is related
to the analog signal it gives a measure of the propagation impairments caused by optical noise, non-linear effects,
polarization effects and chromatic dispersion. In addition BER is defined as the rate at which errors occur in a
transmission system or the number of errors that occur in a string of a stated number of bits.BER depends on the
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signal-to-noise ratio (SNR) and the probability density function (PDF) at the receiver output. The pulse rate
expressed by a number, such as 10-9, for examples, which state that, on the average, one error occurs for every
billion pulses sent.
The other important parameter is Eye Height (AU). The eye-pattern measurement is made in time domain so that it
can allow the effects of waveform distortion to be shown immediately on the display screen of standard BER
test.The width of the eye height defines the time internal over which the received signal can be sampled without
error due to interference from the adjacent pulses. The best time to sample the received waveform is when the eye
height is largest.The more eye closes, the more difficult it is to distinguish between ones and zeros in the signal.
Next is the threshold. The signal noise-to-ratio at which this transition occurs is called threshold level.The function
of measuring BER threshold are the transmission parameters that guarantee a Bit Error Rate value not higher than a
selected threshold and the allocations that maximize the overall system goodput.
Gain also is important in optical communication. Gain is a measure of the ability of the amplifier to increase the
power or amplitude of a signal from the input to the output.Basically, it is defined as the mean ratio of the signal
output of the system to the signal input of the same system. So, the higher gain of the amplifier system resulting
better performance. In order to get a better gain, the optical communication needs a very small Noiase Figure. Noise
Figure (NF) is a measure of noise characteristic of an amplifier in a given ratio of input signal due to the output
signal. All amplifiers have NF greater than unity which are greater than 0dB and so diminish the signal quality. Even
with this degradation, optical amplification improves performance as compare with the system where the receiver
𝑆

amplifier amplifies the signal electrically at the detector process [2]. Noise figure =

(𝑅 )𝑖𝑛

𝑆
( )𝑜𝑢𝑡
𝑅

Optical Signal Noise Ratio

(OSNR) is the way to assess the quality of the analog communication system. OSNR is a measure of the ratio of the
signal power to noise. The higher OSNR, the higher quality signal produced.So, the low noise figure is better.
2.

SIMULATION SETUP

a) WDM analysis for different wavelengths

Figure 5: Basic simulation setup
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Figure 1 shows the simplified WDM simulation set-up. The four optical transmitters represent four wavelengths
across the C band which is 1560.61nm, 1550.12nm, 1541.35nm and 1532.68nm. The optical signals are multiplexed
using the AWG multiplexer and an amplified using the EDFA and transmitted over another 5km. Lastly, the AWG
demultiplexer will demultiplex the optical signal according to its wavelength. An optical receiver and BER analyzer
is applied at each output port to observe the eye diagram. Pump Coupler co-propagating provide gain to the signal
directly through the high frequency features on the gain spectrum and pump laser supplies energy to electrons in an
active medium, which raises them to higher energy levels to produce a population inversion and experienced a
stimulated-emission process. Optical power meter is added to measure the power over a selected wavelength band.
Dual port WDM analyzer is used to analyze optical spectra.
b) Circuit setup to investigate the effect of changing length of EDFA to the system.

Figure 6: Optical system using different length of fiber
The length of EDFA is change from 6m to 10m (increasing by 1 meter).
c) Three types of amplifier setup
Three different types of amplifier circuit are set up that is in-line amplifier, pre-amplifier, power amplifier.
3. RESULTS AND DISCUSSIONS
a) WDM analysis for different wavelengths
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Table 1: WDM analysis for different wavelengths
b) Circuit setup to investigate the effect of changing length of EDFA to the system.

Table 2: Analysis of optical system using different lengths of EDFA
c)

Three types of amplifier setup

Table 3: Analysis of optical system using different types of amplifier
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a) WDM analysis for different wavelengths
In basic simulation setup, a comparison was made among different wavelengths in C-band to determine the result of
max Q-factor, min BER, eye height, threshold and gain.1560.61 nm wavelength has the highest Q-factor and the
lowest value for minimum BER and threshold while the 1541.35nm wavelength has highest minimum BER and the
lowest maximum Q-factor, eye height and gain.The 1532.68 wavelength shows the best performance because they
have the highest eye height, threshold, and gain even though it has the highest noise figure.
b) Circuit setup to investigate the effect of changing length of EDFA to the system.
In this category, we differentiate the performance of the system based on the length of EDFA ranged from 6m to
10m. It can be seen that the 6m of EDFA achieve the highest value for eye height, threshold, gain and optical power
after amplifier.While7m EDFA only have the average value for all parameter but has the biggest measurement for
noise figure. In the other hand, the 8m EDFA shows similar performance with 7m EDFA except for maximum Qfactor because it has the highest value among others. However, 8m EDFA obtained the least value for min BER.As
for 9m EDFA, all the parameters were in an average value compared to others and did not show any noticeable
performance.10m length of EDFA achieve lowest values in almost all parameters like max Q-factor, eye height,
threshold, gain, noise figure and optical power before amplifier. Only the low noise figure shows the advantage of
this length of fiber.
c) Three types of amplifier setup
Three types of amplifier setup have been tested and the results obtained are as follows.In-line amplifier has the
average value for all optical parameters and did not have any highest or lowest value among them.While preamplifier has the highest value for min BER, eye height, threshold and optical power after amplifier. But it has the
highest value for noise figure which affect the overall performance of this type of amplifier.For power amplifier, it
has the highest value for max Q-factor and gain but lowest value for min BER, eye height, threshold and noise
figure.
5. CONCLUSIONS
WDM is one of basic and useful technology of optical networking and communication. A WDM multiplexes a
number of optical carrier signals onto a single optical fiber by using different wavelengths. One of WDM’s biggest
advantages is that it allows incoming high bandwidth signal carriers that have already been multiplexed to be
multiplexed together again and transmitted long distances over one piece of fiber. We have simulated the use of a
multi wavelength fiber as light source for a WDM optical network. The different wavelength gives the different data
of maximum Q factor, minimum BER, eye height and threshold that we have discussed in the table above. The
hybrid C band EDFA that we use in this system with features of wide bandwidth, flattened gain and low NF, may
find vast applications in WDM system and light wave transmission.Based on the results obtained and the result
analysis, 1532.68 nm is the best wavelength and suitable to be applied in WDM. As for EDFA, it is suitable for long
range optical fiber communications.
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