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ABSTRACT  
 

Technology is increasing rapidly nowadays to provide the triple play services, and 

therefore to meet the demands of the bandwidth  capacity, we use the optical fiber cable as a tool 

for long haul Network. This is provided by using the Dense Wavelength Division Multiplexing 

(DWDM) as a latest technology which allows multiple information streams to be transmitted 

simultaneously over a single fibre for long distances. This provides a cost effective method to 

increase the channel capacity which in turn increases the bit rate of the existing networks without 

the need to connect a additional fibre, it also reduces the cost of the fibre. Bandwidth restrictions 

causes DWDM to find its variety of applications in the present scenario. The increasing need for 

communication in restricted bandwidth has resulted in the applications of DWDM in different 

topology architecture or point to point network. We have designed and simulated a 32 channel 

DWDM network to simulate the characteristics of the DWDM network. It is analysed for 

different modulation formats and PIN receivers using a Optisystem simulation tool the BER and 

powers has been. 
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INTRODUCTION 

It is necessary and essential to mention that in the 21st century activities will be 

drastically hindered without the advent of modern communication system. Off all, the most 

advanced communication system is the Optical fiber communication and it has been culminated 

in the form of Internet, allowing all computers on the planet and in the orbit to be connected to 

each other, simultaneously!. While telecommunication remains as a major medium and has its 

own demand for higher bandwidth, the demand for even higher bandwidth is sky rocketed by 

exponential growth of the Internet traffic due to triple play services. The cumulative demand for 

bandwidth poses a serious limitation for the existing carrier technologies. However, this 
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extraordinary growing demand, coupled with the advent of dense wavelength division 

multiplexing (DWDM) fibre optic systems to meet those demands, have sparked a revolution in 

the optical component and networking industry [1]. 

 

DWDM has been proven to be one of the most capable technologies for communication 

systems. Although usually applied to optical networks, wavelength division multiplexing 

(WDM), in general, can manifold the capacity of existing networks by transmitting many 

channels simultaneously on a single fibre optic line. In the few short years of deployment, 

DWDM performance has been improved dramatically. Channel count has grown from 4 to 128 

and channel spacing has shrunk from 50 GHz to 500 GHz. This boost has been built upon, and 

has been driven by advancements in fibre optic components, photonic integrated circuits (PICs) 

and advanced packaging technology[2]. 

           In fibre-optic communications, wavelength-division multiplexing (WDM) is a technology 

which multiplexes a number of optical carrier signals onto a single optical fibre by using 

different wavelengths (i.e. colours) of laser light. This technique 

enables bidirectional communications over one strand of fibre, as well as multiplication of 

capacity. The term wavelength-division multiplexing is commonly applied to an optical carrier 

(which is typically described by its wavelength), where as frequency-division 

multiplexing typically applies to a radio carrier (which is more often described by frequency). 

since wavelength and frequency are tied together through a simple directly inverse relationship, 

the two terms actually describe the same concept. 

 

THEORY 

WDM systems are divided into different wavelength patterns, conventional/coarse (CWDM) 

and dense (DWDM). Conventional WDM systems provide up to 8 channels in the 3rd 

transmission window(C-Band) of silica fibres around 1550 nm. Dense wavelength division 

multiplexing (DWDM) uses the same transmission window but with denser channel spacing. 

Channel plans vary, but a typical system would use 40 channels at 100 GHz spacing or 80 

channels with 50 GHz spacing. Some technologies are capable of 12.5 GHz spacing (sometimes 

called ultra dense WDM). Such spacing are today only achieved by free space technology. New 

amplification options such as Raman amplification enable the extension of the usable wavelengths 

to the L-band, more or less doubling these numbers. Fig 1. Shows the block diagram of WDM 

PON configuration. 

WDM, DWDM and CWDM are based on the same concept of using multiple wavelengths of 

light on a single fibre, but differ in the spacing of the wavelengths, number of channels, and the 

ability to amplify the multiplexed signals in the optical space. EDFA provide efficient wideband 

amplification for the C-band, Raman amplification adds a mechanism for amplification in the L-

band. For CWDM wideband optical amplification is not available, limiting the optical spans to 

several tens of kilometres[3]. 

 

http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Bidirectional
http://en.wikipedia.org/wiki/EDFA
http://en.wikipedia.org/wiki/C-band
http://en.wikipedia.org/wiki/L-band
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Fig 1.WDM PON Configuration. 

 

SIMULATION 

            The whole project is designed in three sub parts as DWDM transmitter, fiber optic link 

and DWDM receivers. Fig 2. shows the layout of the DWDM network. The description is as 

follows. In the DWDM transmitter a laser source is used with a wavelength of 1550 nm, since in 

1550 nm  the attenuation is slow so it is used for high speed links. The 32 channels are derived 

with a channel spacing of 100GHz. The data rate used is 10Gbits. The modulation format used is 

RZ and NRZ formats.  The laser signal from all the channels are multiplexed using multiplexer. 

The signal from all the channels are multiplied and streamlined into a single fiber. 

            The second part consist of fiber optical link, which  includes  a single mode fiber (SMF) 

of core diameter 6 µm and a numerical aperture of 0.1  and V number of 2.4 at a wavelength of 

1550 nm, but the dispersion is very high in this region. The length of the single mode fiber used 

is 50km. The signal from the fiber is given to Erbium doped Fiber Amplifier (EDFA) to boost 

the signal, with a gain of 10dB and noise figure of -6 dB. The important feature of EDFA is the 

ability to pump the devices at different wavelength which is very suitable for DWDM, and also it 

has a very low coupling loss to the compatible –sized fiber transmission medium and a very low 

dependence of gain  on light polarization. EDFA’s are highly transparent to signal format and bit 

rate and highly immune to interference effects between different channels so only EDFA has 

been chosen for long distance transmission[4]. 

           The signal from EDFA is next given to Dispersion Compensation fiber (DCF),  the 

dispersion that is  present in fiber is compensated and it is negligible. The distance of the DCF 

fiber used is 10 km. Next the signal is given to again another EDFA to boost the signal, with a 

gain of 10dB and noise figure of -6 dB. The one end of the SMF and another end of EDFA is 

given to loops of three round for control mechanism. The output of the loop control is given to 

the one end of the WDM demux[5]. 
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Fig 2. Shows the layout of the DWDM network 

               

 In the WDM demux the total bandwidth of 80 GHz with the frequency spacing of 100GHz. Here 

the 32 channel are separated  and given to 32 different receivers. The receiver used here is PIN 

receivers is the simple semiconductor photo detector. The device structure  consist of p and n 

region separated by a very lightly doped intrinsic material. It works in reverse bias. The detector 

is designed to operate in the wavelength region of 1100nm -1600 nm. The material used is III 

and V group elements such as InGaAs. It has the quantum efficiency ranging from 30 to 95%. 

The responsivity  for silicon PIN at 900 nm is 0.65A/W and 0.45 A/W for germanium at 1.3 µm. 

For InGaAs  it is 0.9 A/W at  1.3 µm and 1.0 A/W at 1.55 1.3 µm. The output of the receivers are 

given to the BER analyzers.  
 

RESULTS AND DISCUSSION 

We have simulated a 32 channel DWDM network using RZ and NRZ modulation 

formats at the data rate of 40 Gbps. The transmitter32-channel WDM transmitter and frequency 

spacing is 100 GHz transmission loop as an optical link with of SMF, 10 km of DCF and two 

EDFAs. The receiver is a32-channel WDM demultiplexer and BER testers. The simulated results 

are tested using a BER analyzers.  
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Table 1.  WDM analyzer for NRZ and RZ modulation formats 

 

Table 1.  Shows the comparison table of results for NRZ and RZ modulation formats 

using a WDM analyzer. The table compares all the 32 no. of channel’s frequency, and their 

signal power, noise power and Optical to signal Noise Ratio (OSNR) obtained for the above 

WDM network.  The OSNR values shows that the signal is received with less distortion and less 

noise for all the channels, so only it has a constant value. 

 
The min BER calculated using BER analyser for NRZ and RZ modulation formats is 

shown in fig 3. The min BER obtained for all the channels is of the range from 10
-9

  to 10
-11.
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Fig 3. The min BER for NRZ and RZ modulation formats. 

 

The height calculated using BER analyser for NRZ and RZ modulation formats is shown 

in fig 4. The height obtained for all the channels is also optimum.
. 

 

                                        
 

Fig 4. The height for NRZ and RZ modulation formats. 
 

The Q factor calculated using BER analyser for NRZ and RZ modulation formats is 

shown in fig 5. The Q factor obtained for all the channels is optimum. 
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Fig 5. The Q factor for NRZ and RZ modulation formats. 

 

The threshold calculated using BER analyser for NRZ and RZ modulation formats is 

shown in fig 6. The optimum threshold is obtained for all the channels.
.
 

 

 
 

Fig 6. The threshold for NRZ and RZ modulation formats. 
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Optical spectrum analyzer output is shown in fig 7. for NRZ and RZ modulation formats. 

The spectrum shows the signal power obtained is -20dBm for both NRZ and RZ for all the 32 

channels. The individual 32 frequencies are shown in optical spectrum analyzer. We have also 

checked the transmission of individual 32 channels in transmitter end and the same 32 channels 

have been received individually with the same power. 

 

 

 
 

Fig 7.  The Optical spectrum analyzer output for NRZ and RZ modulation formats 
 

CONCLUSION 

Deployment of fiber-optic solutions to the space based satellite constellations, in the 

long-haul, and in the next generation internet, will require inventions of smarter, more reliable, 

and more cost-effective photonic devices. The driving force for lower cost and higher 

performance in the semiconductor industry has always been and continues to be more 

functionality per square centimeter. This can only be achieved by integrated approach such as 

arrayed waveguide grating (AWG) or the photonic integrated circuits (PICs) in general.  

As the technology grows and with the current debt load that the Telecom companies 

carry, the market driving force for the telecom industry is lower cost and higher performance. 

The PIC technology offers many advantages by integrating several tiers on a single substrate. We 

can integrate a gain medium which will substantially overcome the loss issues. The integration of 
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higher functionality will allow PIC based products to attract a better market share compared to 

the discrete counterparts currently available.  
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