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Abstract 

Fiber optic is one of the most rapidly growing technologies used these days for high bandwidth networks. 

This rapid growth in this area is resulting in production of cheaper and low power equipment. The objective 

of this study is to investigate the limitations of an optical network while using low cost and low power 

equipment. This study presents the analysis regarding the use of standard low cost fiber equipment to reach 

distances above 250 km for 1 Gbps networks and try to achieve more than 100 km for 10 Gbps fiber 

networks. The transceivers used for this study for 1 Gbps networks are rated to reach 150 km and for 10 

Gbps the transceivers are made for 40 km. An EDFA (Erbium Doped Fiber Amplifier) is used to overcome the 

problems of low power. This study also presents an investigation regarding the placement of EDFA along the 

1 Gbps and 10 Gbps links. This study is aimed at the rural areas of Somalia where power grids are not 

available in most of the region. Hence the tests have been performed to consider the use of solar power to 

run the amplifier. 

The results show that, by using a SFP transceiver built for 150 km and by the use of only one EDFA it is 

possible to achieve distances of maximum 310 km for 1 Gbps networks. This is possible due the use of an in-

line amplifier placed after 150 km. The distance is limited to 310 km only because of the power limitation.  

For the 10 Gbps fiber link with XFP transceivers rated for 40 km, without use of amplifier, transmission was 

possible up to 75 km. After using an EDFA at 75 km, a distance of 125 km was achieved, but beyond that the 

dispersion was a limiting factor for the system. With the use of a dispersion compensating fiber unit, 

transmission was possible to a distance of 150 km.  

As the EDFA consumes very little power, approximately 1 W, the use of a solar panel to power the EDFA is a 

promising solution. According to the results even only four hours of effective sunshine is more than enough 

to charge the battery to run the low power amplifier. Even with multiple cloudy days the battery voltage was 

enough to power the EDFA.   
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Chapter 1 

1. Introduction 

Amplifiers are indispensable components in long haul fiber optic links, especially the Erbium Doped Fiber 

Amplifier, EDFA, invented in the 1980’s, where a pump laser excites Erbium ions in a doped fiber and 

stimulated emission amplifies the optical signal. For fiber optic transmission it is straight-forward to use 1 GE 

SFP (Gigabit Ethernet Small Form-factor Pluggable) transceivers up to 160 km, and 10 GE XFP transceivers up 

to 80 - 100 km. Hence for 1Gbps it is easy to deploy a cost–efficient solution for a fiber network link up to  

distances around 160 km, but beyond that one or more amplifiers are required, similarly for 10Gbps 

networks beyond 100 km amplifiers are required along with some other fiber equipment like Dispersion 

compensation units.  

In rural areas in e.g. Somalia and Tanzania, fiber links with lengths up to 250 km through deserts need an 

amplifier. In such rural areas electricity is mostly not available and even when there is a power grid the 

reliability is a great issue.  

Today's ICT infrastructure requires energy-efficiency. There are two main ways this problem can be solved; 

either aim for big electric power grid projects which require lot of resources or find a solution which propose 

the use of fiber optic amplifiers, independent of a dedicated power grid. The first option is not feasible for 

most of the scenarios because it is costly and time consuming, while the use of alternative power resources 

e.g. solar and wind are comparatively low cost and much easier to manage for small projects. 

1.1 Related Work 

The thesis project will benefit from related work at KTH and Uppsala University concerning low power 

routers based on open source software and selected off-the-shelf hardware components and related 

network and power management systems and test systems. 

Several projects have been performed at KTH regarding providing a better network access in the rural areas 

of Africa. In a CSD project the team of master students investigated the possibilities of using solar and wind 

power as an alternative power source. Their results indicated that the rural areas in Africa get around 2800-

3500 hours of sunshine per year. Also as these areas are near the equator they get direct sunlight and get 

effective sunlight around 8 - 10 hours per day, making them perfect for use of solar power. 

Work is in progress on providing network coverage to rural areas of Africa, especially Tanzania and Somalia. 

Some networks with the help of several projects at KTH are already up and running. Bifrost routers are 

installed and providing services [1] [2]. 

Also work is going on to establish a fiber network in the south of Sweden (Gotland to Latvia) with distances 

from 80 km to 175 km. For the 80 km and longer distances an analysis will be required about the need of 

EDFA for 10 Gbps networks and for distances above 175 km the EDFA might be required even for 1 Gbps 

fiber networks. 
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Figure 1.1 shows some of the distances in Somalia from 80 km to longer distances. Similar and longer 

distances are required for the network in Tanzania with lengths up to 250 - 300 km and can be extended to 

400 km links.  

Apart from the related work done within KTH there is some work done in the past related to the long 

distance communication using EDFA. Zhixing Yang et al presented analysis of 2.5Gbps transmission up to the 

distance of 109 km [15]. Later on they managed to achieve the distance of 200km using single mode fiber 

with EDFA. In this work they presented the analysis of data rates up to 2.5 Gbps using an EDFA booster and 

EDFA preamplifier using 1550nm wavelength [16]. 

In another work transmission of 4 x 10 GbE optical packet channels is achieved using multiple EDFAs for the 

distances of 80, 160 and 200 km [13]. 

In a work presented by L. Bergman et al, an all-optical bit-parallel WDM single fiber link with 12 bit-parallel 

channels comprising of 1Gbps have been proposed. The maximum achievable distance with this 

configuration was only 32 km which is pretty decent considering the bit-parallel WDM system with only one 

EDFA [14]. 

Figure 1.1 Map of Somalia with fiber lengths 
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Golam Mostafa et al presented an efficient method of solar panel energy measurement system in which 

they proposed a system with optimized components like battery, charge controller and DC-AC converters 

and managed to achieve the error limit of around 2.5%. [12] 

Though these works presents some really impressive results but none of them focus on low cost energy 

efficient solution. The work proposed in [13], [15] and [16] promises long distance communication but with 

the use of multiple amplifiers hence increasing the cost and power requirement for the system. Though the 

proposed solution in [14] uses only one EDFA the distance is only 32km. None of the above discussed 

solutions provides an energy efficient system with solar panel. So a low cost, low powered, long distance and 

high speed fiber system is still desirable, especially in regions with unreliable power grids.  
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1.2 Goals 

One of the main tasks of this work is to demonstrate and analyze a low cost solar-driven Erbium-doped 

Fiber-optic Amplifier (EDFA) with low power consumption to reach distances up to 250 km or more with 

1Gbps speeds. The EDFA must be powered by solar panels.  Batteries or ultra-capacitors or a combination 

may be used as power storage to ensure operation at night or if daylight is not available e.g. during a rainy 

season. Amplifiers are usually supervised over a special optical channel, so a goal is to use a minimum 

number of amplifiers, ideally only one in-line amplifier for link lengths of at least 250 km. This will make the 

network management simpler and reduce the overall cost and power consumption of the network 

Chromatic dispersion may also cause distance limitations, especially for the 10Gbps networks. Depending on 

the desired link length and fiber dispersion, a minimum number of DCUs (Dispersion Compensation Units) 

should be used. Both 1Gbps and 10 Gbps link speeds should be studied to investigate maximum link lengths 

and the equipment required for these speeds.  

The task for this Master Thesis is to test a combination of a low cost and low power EDFA with alternative 

electric power sources, like solar power, and a storage unit, e.g. battery and/or ultra-capacitors, and 

evaluate its usefulness for long fiber optic links in areas without electricity. Maximum link lengths and link 

losses for both 1Gbps and 10Gbps networks should be measured. The amplifier can be tested both as 

booster and inline amplifier, although it is not optimized for all situations. 

1.3 Thesis Organization 

Chapter 2 gives a basic introduction and background of a fiber optical communication system. It focuses on 

the limiting factors of the fiber links and the use of different methods to overcome these limitations. 

Chapter 3 presents the method and tools used to perform the analysis for 1 Gbps and 10 Gbps networks 

along with the simulation procedures for the solar power EDFA. It also presents the results of measurements 

from 1 Gbps and 10 Gbps link tests. 

Chapter 4 presents the results and discussion for this report. 

Chapter 5 and 6 conclusion and proposes future work to further enhance and utilize this work.  
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Chapter 2 

2. Background 
The history of optical communication is very old, even though the major development of fiber 

communication started after the development of the first glass clad fibers. In 1880, Alexander Graham Bell 

invented the Photophone. The Photophone didn’t use any fiber but used free space for communication [6]. 

Initially the fiber losses were very high and were a major limiting factor in fiber communication, but later as 

the technology develops, the losses reduced to around 0.2 dB/km in the 1550 nm window. After 1990 fiber 

optic communication saw a rapid growth and more and more optical transmission lines were deployed, and 

by the year 2000 record speeds of 3.28 Tbps were demonstrated. 

There are two main types of fibers used, single mode and multimode fiber. They differ with the paths that a 

light ray can take inside a fiber.  

 Multimode fiber has multiple paths in the fiber, in which the optical signals can propagate. It means 

when photons are injected into the fiber, they have more than one path or way to travel to the end 

destination. Multimode fibers have a relatively large core typically 50-100 micrometers [7].  

  Single mode fibers allow only one light path for the photons to propagate. The typical diameter of 

the fiber core for single mode fiber is less than 10 micrometers. The small core size decreases the 

distortion of optical pulses and thus can support higher data rates and longer distances. Hence only 

single mode fibers are used in this thesis work [7]. 

 

 

 

 

 

 

 

 

The two main limitations of optical networks 

 Attenuation 

 Chromatic Dispersion 

The chromatic dispersion influence can be estimated by the formula: 

Pulse broadening = (chromatic dispersion in ps/nm/km) x (spectral width in nm) x (fiber length in km) 

This gives the pulse broadening in picoseconds, and shows that it is proportional to those factors. For 

higher bit rates, the relative influence of the pulse broadening will increase, as the pulse is shorter in 

Figure 2.1 Multi-mode and single mode fiber 
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time. However, the time slot for a bit is inversely proportional to the bit rate, so the power penalty 

caused by dispersion will be proportional to the bit rate squared. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 shows that the chromatic dispersion is the main type of dispersion limiting the communication in 

single mode fibers [5]. Chromatic dispersion is a type of dispersion due to a different speed of light for 

different wavelengths. Even a high performance laser transmits a spectrum of different wavelengths and the 

fiber’s chromatic dispersion can cause pulse broadening, which can be noticeable for longer distances or 

higher data rates.  It also shows the distance vs. data rate limitations using a single mode fiber network. For 

long distances and high data rates chromatic dispersion is usually the limiting factor, while for low data rates 

attenuation is the limiting factor.    

Figure 2.2 Effect of chromatic dispersion in single mode fiber 

and attenuation limited network vs. dispersion limited [5] 
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Optical amplifiers are used to overcome the limitations of attenuation. Two main types of amplifiers used in 

the fiber networks are EDFA and RAMAN amplifier. Among these two EDFA is used more often than RAMAN 

due to its low cost and low power properties. To overcome the chromatic dispersion DCU (Dispersion 

Compensation Units) are used e.g. DCF (Dispersion Compensating Fiber). DCF is just a fiber manufactured 

with high negative dispersion. For single mode or multimode fibers the pulse width increases as the pulses 

pass through the fiber cable and cause pulse broadening, but in a DCF the pulse width decreases and hence 

overcomes the pulse broadening caused by the chromatic dispersion. However, there is a negative aspect to 

using DCF as they have high attenuation and result in an attenuation limited system. So usually DCFs are 

used along with amplifiers. 

 

 

  

Figure 2.3 (a) Attenuation and (b) Dispersion 

Figure 2.4 Using EDFA and DCF to counter Dispersion 

and Attenuation 

Tx 

 

DCF Rx 

Standard Fiber 

Increasing Fiber Length 

Pulse Width 

Amplitude 

(a) Attenuation 

(b) Dispersion 

EDFA 



17 
Investigating Maximum Fiber Link Length with SEDFA (Solar Erbium Doped Fiber Amplifier) 

2.1 Fiber Optical Amplifiers 
Fiber amplifiers are one of the most important equipment for long fiber links. A fiber amplifier can amplify 

an optical signal directly in the fiber without any need of conversion into electrical domain. The three main 

types of amplifiers used are: doped amplifiers, semiconductor optical amplifiers and RAMAN amplifiers. 

Among these three the doped amplifiers, especially the EDFA, are the most commonly used amplifiers in 

optical communications systems. It is relatively simple, cheaper and can provide gain in the most commonly 

used wavelength for fiber communications. Hence for the purpose of this thesis only EDFA is considered. [8] 

2.1.1 Erbium Doped Fiber Amplifier (EDFA)  

A system EDFA consists of two main parts:  gain block and control equipment. The central part of an EDFA is 

called a “gain block”, which consists mainly of an Erbium-doped fiber, couplers and a pump laser, pumping 

light into the erbium-doped fiber. The energy from the light excites the erbium ions. The excited erbium ions 

have a meta-stable state, so passing signal photons can be amplified by stimulated emission, like in a laser. 

 

 

 

 

 

 

 

 

 

Figure 2.5 shows a simplified form of EDFA with a pump laser, an Erbium doped fiber and optical isolator. 

 An EDFA can be used in three different ways: 

1. Booster amplifier, just after the transmitter laser  

2. In-line amplifier, at some points along the link 

3. Pre-amplifier, just before the receiver  

Amplification is typically around 20 - 30 dB, and all wavelengths between 1530 to 1560 nm can be amplified 

simultaneously, making it ideal for use with Wavelength Division Multiplexing, WDM.  

For CWDM, (Coarse WDM) only the 1550 nm channel can be used. Booster and pre-amplifier are the easiest 

to use, as electric power is available at the link ends. For in-line amplifiers, electric power is necessary at 

those points along the link. If a power grid is not available then solar and wind power can be alternative 

power sources. Submarine cables use the steel wire armoring as one electric conductor and the sea water as 

the other conductor. 

 

 

Figure 2.5 Simplified view of an Erbium Doped Fiber Amplifier (EDFA) [3] 



18 
Investigating Maximum Fiber Link Length with SEDFA (Solar Erbium Doped Fiber Amplifier) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Three possible applications of optical amplifiers: (a) as in-line amplifiers; (b) as a booster of transmitter 

power; (c) as a preamplifier to the receiver [4]  

Figure 2.7 Effect of EDFA placement on Power level along the link: (a) Booster (power) amplifier; (b) Preamplifier; 

(c) In-Line EDFA  
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2.2 Theoretical calculations of Attenuation and Dispersion Limitations  

2.2.1 Attenuation related length limits 

The SFP transceivers specified for 150 km have a power budget of 38 dB, with > +3 dBm output from the 

lasers and -35 dBm sensitivity of the receivers. The producer has obviously assumed in the specification a 

fiber cable attenuation of 0.25 dB/km, as 38 dB/ 0.25 dB/km = 152 km. The EDFA gain block borrowed from 

Acreo was said to have an amplification of at least around 25 db. This means it could add at least 100 km to 

the link length, and a total link length with this EDFA would be at least 150 + 100 = 250 km, which is close to 

the longest link lengths in Somalia. From an attenuation point of view it therefore seems probable to achieve 

a goal of at least 250 km. The ordered new EDFA gain block (with uncooled pump laser for energy efficiency) 

is specified to have a small signal amplification of 40 dB, corresponding to 40 dB/ 0.25 dB/km = 160 km extra 

fiber length, resulting in an estimated total length of 150 + 160 = 310 km. The available experiment fiber in 

the lab and borrowed from Acreo has a lower attenuation of 0.20 dB/km, which will increase the link 

lengths, but connectors and patch cords will also contribute to the total attenuation.  

The XFP transceivers have an optical output of about 0 dBm and an input sensitivity of -16 dBm. With 0.25 

dB/km-fibers they can reach 16 / 0.25 = 64 km. Using approximately 25 dB EDFA amplification, which makes 

it possible to add 100 km, should give a theoretical link length of about 160 km, but one can expect 

dispersion problems to occur before that distance is reached.  

2.2.2 Dispersion and chirp related length limits 

The vendor of the SFPs did not provide the specifications to conclude if the link length is limited by 

attenuation or dispersion. Obviously, from the above power budget data the SFPs cannot be used in much 

longer links without amplification, but it was unknown by the vendor if a longer fiber link with an amplifier 

might be limited by pulse broadening from chromatic dispersion in the fiber and laser chirp.  Chirp is 

wavelength variations in a laser pulse. In a directly modulated laser, as 1 Gbps lasers, the electron density 

varies during the on off switching of the pulse. Those electron density variations give rise to variations in the 

refractive index in the active strip in the laser, and consequently the optical path length changes, resulting in 

wavelength changes during the pulse. A method the avoid this is to have the laser switched on all the time 

and have an external modulator, which can minimize chirp and even improve transmission by introducing a 

chirp which to some extent counteracts the chromatic dispersion. This external modulation solution is used 

in some 10 Gbps lasers.  

2.2.3 Theory of dispersion limitations due to chirp 

The dispersion problems are extensively discussed in the chapters 2.3 and 2.4 in the book “Fiber-Optic 

Communication Systems” by G. P. Agrawal [10], which can be used as starting point for an approximate 

calculation of the dispersion limitation of the link length, and its dependence on bit rate, chromatic 

dispersion and chirp.  

An equation has been given by D. Marcuse (1980) for the pulse broadening σ of a modulated semiconductor 

laser, in [10] Eq 2.4.22, omitting the β3 term:   

  

  
     

    

   
     

   

   
  

     (1) 

Where σ0 is the RMS width of the input pulse, L is the fiber length, C is the chirp factor or chirp parameter 

and β2 is the second order chromatic dispersion constant: 
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                   (2) 

Where Dkm is the chromatic dispersion per nm and km, about 17 ps/(nm km) in standard SM fiber at 1550 

nm, and    is the speed of light. For   = 1550 nm, β2 is about -21.7 ps2/km.  

The meaning of the first term on the right side of Eq. (1) is chromatic dispersion caused by the extra spectral 

broadening from chirp, and the second term is chromatic dispersion from the modulation spectral 

broadening.  

 The second order dispersion is dominating in standard single mode fiber at 1550 nm, and β3, the third order 

dispersion term, is therefore negligible and can be eliminated. Eq. (1) can then be written: 
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The pulse width    is usually optimized for the maximum link length L. By setting the   
 -derivative of Eq. (3) 

= 0, one obtains an equation for the optimized pulse width:  

  
   

    

 
√         (4) 

According to [10] page 50, Eq 2.3.26, the pulse broadening at the end shall be less than 1/4 of the bit slot    

= 1/B, where B is the bit rate: 

  
 

  
            (5) 

The bit slot    is 1 ns for 1 Gbps and 0.1 ns for 10 Gbps. By using Eq. (4) in Eq. (3) and then using Eq. (3) in Eq. 

(5), we get the dispersion limited length L: 

  
 

    |  |  √       
     (6) 

This equation is the same as Eq. (2.4.30) in Ref. [10], except for the factor  √        in the 

denominator, containing the chirp factor C. Unfortunately, the chirp factor C is generally negative for directly 

modulated semiconductor lasers, [10] page 53, normally in the interval:    4 < C <  2  and will therefore 

dominate the pulse broadening and limiting the link length, as the factor  √        > 1 will be in the 

interval:  8.123 >  √         > 4.236. [11] 

2.2.4 Application to SFP and XFP 

For our SFPs with bit rate B = 1 Gbps and C supposed to be =  4 or  2, Eq. (6) gives L   355 km or L   680 

km, respectively. The minimum desirable length of 250 km is more than the expected achievable length from 

the attenuation estimates using one EDFA, 310 km (see above). Chirp and chromatic dispersion are therefore 

not expected to present any obstacles for 1 Gbps transmission up to 250 km. If the chirp factor is smaller, 

nearly up to twice that length is possible. The 1 Gbps link with one EDFA will therefore probably be 

attenuation limited.  
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For our XFPs with bit rate B = 10 Gbps, the specified maximum link length is 40 km. If we start assuming C = 

0, implying  √        = 1, in Eq. (6), we get L   28.8 km, i.e. less than the specified 40 km. From this 

result it is obvious that the XFPs must have externally modulated lasers with a positive chirp factor, so  

 √        < 1. The XFPs have been shown to reach longer than 50 km by earlier projects. L = 50 km 

gives  √        = 28.8 / 50 = 0.576 which gives C = 0.580. If the length L is longer than 50 km, the chirp 

factor is bigger. Externally modulated lasers may have a positive chirp factor around +2. C = +2 results in the 

factor  √        = 0.2361, which means we can expect the maximum link length for XFPs with one 

amplifier to be 28.8 / 0.2361 = 122 km, i.e. around 120 km, using no dispersion compensating fibers. This is 

shorter than the length with one EDFA calculated from attenuation, and in this case the 10 Gbps link will be 

dispersion limited. 

With this theoretical analysis of both attenuation and dispersion limitations it is expected that with one 

EDFA it is possible to reach 1 Gbps transmissions over more than 300 km and 10 Gbps transmissions over 

more than 100 km. 
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Chapter 3 

3. Methodology 
This section describes the testing procedures along with analysis, results and conclusions for the 1 Gbps and 

10 Gbps networks. This section also presents the simulation of using a solar panel to power the EDFA. The 

thesis report is divided into three main sections consisting of testing, results and conclusions from 1 Gbps 

and 10 Gbps networks along with the simulation procedure and results of solar powered EDFA.  

List of Equipment Descriptions 

SFP Transceiver (Router 1) SFP for 120 km, Tx = 2.5 dBm, Rx sensitivity = 
-35 dBm , Wavelength = 1550 nm 

SFP Transceiver (Router 2) SFP for 120 km, Tx = 2.4 dBm, Rx sensitivity = 
-35dBm, Wavelength = 1550 nm 

SFP Transceiver (Router 1) SFP for 150 km, Tx = 3.83 dBm, Rx sensitivity 
= -36 dBm, Wavelength = 1550 nm 

SFP Transceiver (Router 2) SFP for 150 km, Tx = -3.8 dBm, Rx sensitivity 
= -36dBm, Wavelength = 1550 nm 

XFP Transceiver (Router 1) XFP for 40 km, Tx = 0.01 dBm, Rx sensitivity = 
-18 dBm, Wavelength = 1533.365 nm 

XFP Transceiver (Router 2) XFP for 40 km, Tx = -0.19 dBm, Rx sensitivity 
= -18 dBm, Wavelength = 1533.527 nm 

Single mode fiber cables 2 x 75 km, 4 x 25 km, 80 km, 4 x 1 km, 
Attenuation = 0.2 dB/km 

EDFA 2 EDFAs, as in-line amplifiers, average 
operating frequency range: 1530 -1560 nm, 
maximum output power = 17 dBm, Gain 25 -
40 dBm, power consumption = 1 - 1.5 W 

2 power meters HP, wavelength range = 700 – 1650 nm 

OTDR Optical Time Domain Reflectometer, Anritsu, 
used to monitor faults in fiber cable 

Fiber Cleaners Cleaning cassette (tape) and End-face 
cleaning tool 

 

 

The table 2.1 shows the equipment used in this thesis work. Initially two SFPs designed for 120 km were 

used for 1 Gbps but then new SFPs for 150 km were purchased. XFPs used in the thesis are designed for 40 

km only. A total of 334 km single mode fiber was used with varying length segments.  

 

 

 

 

Table 3.1 List of fiber related equipment 
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Before using the EDFA for the measurements, the emission spectrum of the EDFA was analyzed to make sure 

that it is working as it should be. The following figure 3.1 shows the emission spectrum of the EDFA without 

any input wavelength. 

 

 

 

 

 

 

 

 

 

 

The figure 3.1 shows that the operating range of the EDFA is around 1530 - 1560 nm. The maximum 

amplification is around 1535 nm, but constant gain of the EDFA is in the 1540 – 1555 nm range, which is the 

wavelength of the transceivers used, so that the EDFA will work even if the laser wavelength of the 

transceivers vary due to temperature. 

 

3.1   1 Gbps Fiber Link 

Testing of the 1 Gbps fiber links is divided into two main parts, first the maximum reachable distance 

without packet loss is measured using SFPs specified for 120 km and 150 km and then in a second step the 

maximum distance is measured using an in-line EDFA.  

3.1.1 Distance Measurement 

The equipment setup for measurement of the maximum achievable distance without EDFA is shown in figure 

3.2. 

 

 

 

 

 

 

 
Figure 3.2 Setup for testing without EDFA 
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SFP2 
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Figure 3.1 Emission spectrum of EDFA measured using a HP multi-wavelength power meter 
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The Rx (Received) and Tx (Transmitting) powers of SFPs are measured using both DDM (Digital Diagnostic 

Monitoring, a built-in feature in SFPs) and a dedicated optical power meter.  

 

 

 

 

 

 

 

 

 

Before the measurements for 1Gbps, the transmitter wavelength of both SFPs were measured with the 

multiwave meter to make sure that the transmission frequency is usable with the EDFA and resides well 

inside the EDFA emission spectrum. Figure 3.5 shows the result of this measurement and it can be observed 

from the spectrum that the Tx frequency of SFP lies inside the amplification range of EDFA, thus making sure 

that a slight variation in Tx frequency will not affect the amplification.  

 

 

 

 

 

 

Figure 3.3 Lightwave Multimeter for accurate measurements 

Figure 3.4 SKYLANE 1Gps SFP (1550nm) 
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The transmitting and received powers are measured for the distances of 50 – 150 km without EDFA. Router 

1 acts as the transmitter and the router 2 as receiver. The 75 – 175 km fiber cable is connected to the 

transmitter side of SFP1 and the receiver side of SFP2, on the return link a 15 dB attenuator is used as shown 

in figure 3.6. This attenuator is required in order to make sure that high Tx power from SFP2 will not damage 

the sensitive receiver on SFP1. Both SPFs used in this thesis have the wavelength 1550 nm. Initially the SFP 

used for the testing were those designed for the maximum length of 120 km due to late availability of SFPs 

rated at 150 km. The results presented in this work are best observed with the SFPs designed for 150km.  

To measure the maximum achievable distance for 1 Gbps the in-line EDFA (approximate gain of 35 dB) is 

placed after 150 km and then the powers are measured from a distance of 175 – 330 km. The setup is shown 

in figure 3.6. 

 

 

 

 

 

 

 

 

 

  Figure 3.6 Setup for testing with EDFA 
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Figure 3.5 1Gbps SFP wavelength measurement 



26 
Investigating Maximum Fiber Link Length with SEDFA (Solar Erbium Doped Fiber Amplifier) 

For testing the maximum distance with EDFA, the in-line amplifier is placed after 150 km because the SFPs 

used for these tests are designed for 150 km. So the transmission is possible up to 150 km without EDFA and 

after that the power amplification is required to transmit. A filter is used after the amplifier to make sure 

that only the required wavelength 1550 nm is transmitted to the receiver, and not the pump wavelength. 

Then the fiber of length 25 km is placed after the filter and connected to the receiver. After the 

measurements the fiber length is increased step by step until the received power is too low or the dispersion 

pulse broadening is too high for the receiver to detect the signal.  

The effect of multiple in-line EDFAs along a fiber link is also measured by placing two in-line EDFA in the 

middle of the link, separated by 100 km fiber, as the amplifiers were not made for high signal input. Even 

with longer distances with 1 Gbps, DCF is not used because the attenuation seems to be the major limiting 

factor. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.7 Actual Setup for testing with EDFA 
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3.1.2 Performance Measurement 

In fiber optic links there is an inverse relationship between bit rate and distance. Usually as the distance 

increases the maximum link speed also decreases. This is mostly due to the attenuation of the signal or due 

to the spreading of the signal pulses called dispersion. In order to measure the maximum achievable length it 

is necessary to measure both the received power and the transmission bit rate available for that particular 

link length.  For the purpose of this thesis an open source OS Bifrost is used. Both routers run Bifrost 

v6.1beta 3 with DDM feature enabled. There were many tools available to test the performance of the fiber 

link. Initially Ping was used to make sure that the transmission is even possible or not. The Ping was used 

with the following parameters: 

Ping –c 10000 –s 1500 –I 10.0.0.2 

The –c parameter indicates that 10 000 packets will be transmitted with each packet of size 1500 Bytes to 

the receiver interface address (10.0.0.2) indicated by the –l parameter. If all the packets are transmitted 

without error the transmission is possible. However, Ping does not provide the throughput of the link. To get 

more accurate measurements of the link speed netperf was used. There are several parameters available to 

use with netperf, the actual command used to measure the link performance is: 

netperf -t TCP_STREAM -l 300 -H 10.0.0.2 

Using netperf packets were sent to the router 2 IP address (10.0.02) using TCP_STREAM. A server was 

created on the router 2 to receive the packets using the command netserver. To measure the retransmission 

due to the packet loss another tool called netstat was used. The network topology for 1 Gbps tests is shown 

in figure 3.8. 

 

 

 

 

 

 

3.1.3 Results  

Due to the delay in the availability of 150 km SFPs the Initial measurements were performed with low cost 

120 km SFPs which showed that the distance of 175 km is reachable.  

Figure 3.9 shows the measurement of received power (with the 150 km SFPs) in the receiving SFP as a 

function of distance. It can be observed from the figure 3.9 that as the distance increases the received power 

(in dBm) decreases linearly. At 150 km there is an increase of about 35 dB because of the EDFA amplification. 

After 250 km the increase in distance is not linear, due to the short lengths of the available optical fibers, but 

the power loss per km still remains the same (0.2 dB/km). Also from the figure 3.9 it can be observed that 

the difference between the Rx measurements from DDM and power meter is negligible, both providing 

accurate measurements. 
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Figure 3.8 1 Gbps network topology 
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Fiber Length 
(km) 

Rx input 
power 

measured 
with DOM 

(dBm) 

Rx input power 
measured with 
power meter 

(dBm) 

Average (dBm) 

75 -11.8 -12.06 -11.93 

100 -16.9 -17.08 -16.99 

125 -21.9 -22.11 -22.01 

150 -27.2 -27.37 -27.26 

175 3.2 3 3.1 

200 -2.2 -2.4 -2.3 

225 -7.9 -8 -7.95 

250 -14.5 -14.7 -14.6 

280 -22.5 -22.9 -22.7 

290 -23.2 -24.68 -23.94 

300 -26.8 -26.9 -26.85 

330 -33.3 -33.5 -33.4 

331 -33.7 -33.8 -33.75 

332 -34 -34.1 -34.05 

333 -34.8 -34.9 -34.85 

334 -35.1 -35.1 -35.1 

Figure 3.9  1 Gbps Power vs. Distance  
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Table 3.2  1 Gbps Power vs. Distance 
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Table 3.2 shows the measurements of Rx power with the increase of fiber length. The power is measured 

with both the built-in DOM feature in SFPs and a separate power meter and then the average is calculated. 

After 330 km the Rx power is -33.5 dBm, which steadily decreases to -35.1dBm at 334 km. The SFPs used for 

this transmission are rated for a minimum input power of -35 dBm, and signal strength below that power 

cannot be detected by these transceivers. Thus no signal was detected by the SFP at 334 km and 

transmission was only possible up to 333 km. 

 

Table 3.3 shows the transmission speeds with respect to the increasing fiber cable length. The speeds are 

measured three times using the same parameters and conditions and then their average is calculated. 

Fiber Length (km) Bitrate (Mbps) Bitrate (Mbps) Bitrate (Mbps) Average (Mbps) 

75 990 991 995 992 

100 988 987 988 987.6 

125 987 989 988 988 

150 985 984 986 985 

175 984 982 986 984 

200 984 982 985 983.6 

225 983 983 982 982.6 

250 980 979 981 980 

280 984 983 986 984.3 

290 983 982 984 983 

300 982 983 981 982 

330 981 979 981 980.3 

331 980 980 979 979.6 

332 950 950 955 951.6 

333 931 929 931 930.3 
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Figure 3.10  Bit rate vs. Distance for 1 Gbps 

Table 3.3  Bit rate vs. Distance for 1 Gbps network 
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Figure 3.10 shows the effect of increasing distance on the transmission rate in the 1 Gbps fiber network. For 

the range of 75 km to 330 km the maximum achievable transmission rate is approximately 1 Gbps. But as the 

distance increases from 330 – 333 km the received power is enough to transmit, but there are a 

considerable number of packets with errors. Hence the maximum transmission speed available also 

decreases from 1 Gbps to 930 Mbps at 333 km. After 333 km the received power is too low to transmit and 

no packet can be detected by the receiver. 

3.2  10 Gbps Fiber Link 

As with the measurement procedure of 1 Gbps testing, the maximum distance measurement for a 10 Gbps 

fiber link is also divided in to two parts. In the first part the maximum achievable distance is measured 

(regardless of the transmission speed) using one in-line EDFA and the XFPs specified for 40 km with 10 Gbps 

speed. Then in a second phase maximum transmission speeds are also measured along with the maximum 

achievable distance. 

Before the actual testing procedure the XFPs were tested to measure the wavelength of the transceivers 

lasers. In the specifications it was described that the Tx wavelength of these XFPs are around 1550 nm but 

the exact value was not known. As the EDFA used in this work has the emission spectrum range of 1530 -

1560 nm, hence it was essential to make sure that the Tx wavelength of these XFPs do not exceed 1560 nm 

and lies in the amplification range of EDFA. Hence the multi-wavelength meter was used to measure the Tx 

wavelength of XFPs used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11 10Gbps XFP-1 Tx power and wavelength 

Figure 3.12 10Gbps XFP-2 Tx power and wavelength 
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The figure 3.13 shows that the XFP Tx wavelength (shown by the spike at 1533 nm) is well inside the 

amplification wavelength range of the EDFA, and thus the EDFA can be used for communication using these 

XFPs. If the wavelength of the XFPs had been outside the range, above 1560 nm or below 1530 nm, then it 

had not been possible to use the EDFA.  

The setup for measurements of maximum achievable distance using 10 Gbps transmission speed is similar to 

the setup of 1 Gbps.  

 

 

 

 

 

 

 

 

 

 

The transmitting and received powers for 10 Gbps are measured three times and then the average value is 

calculated. First the measurements are taken for the distances of 25 – 75 km without using the EDFA. Router 

1 acts as the transmitter and the router 2 as receiver. The 25 – 75 km fiber is connected to the transmitter 

side of XFP1 and the receiver side of XFP2, on the return link a 10 dB attenuator is used. This attenuator is 

required in order to make sure that high Tx power from XFP2 will not damage the sensitive receiver on XFP1. 

Figure 3.14 Setup for testing without EDFA 

XFP1 

XFP2 

25 – 75 km fiber 

10 dB attenuator 

 
 

Router 1 

Router 2 

Figure 3.13  XFP spectrum along with emission spectrum of EDFA 
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Here an attenuator of 10 dB is used, in contrast to the 15 dB attenuator in the 1 Gbps setup, because the Tx 

power for the XFPs is lower compared to the SFPs used in 1 Gbps links. Also the Rx threshold of XFPs is 

higher compared to SFPs, so that a 15 dB attenuator might result in a lower Rx power than required. Both 

XPFs used in this measurement procedure are in the 1550 nm wavelength region, as XFPs in the 1300 nm 

region are for shorter distances.  

For the measurement of maximum achievable distance for 10 Gbps fiber links, an in-line EDFA is used. The 

EDFA is placed after 75 km and then the distance is varied from 75 – 175 km. The setup with the in-line EDFA 

is shown in figure 3.15. 

 

 

 

 

 

 

 

 

 

For measuring the maximum distance with EDFA, the in-line amplifier is placed after 75 km because the 

transmission was possible to 75 km, even though the XFPs are specified for 40 km. So the Rx power at 75 km 

was enough for transmission, but after that the Rx power is too low and power amplification is required for 

transmission. The filter is also required here after the EDFA to make sure that only the required wavelengths 

around 1550 nm is transmitted to the receiver and all other wavelengths from the pump laser that can 

degrade the transmission are filtered out. Then the 25 km fiber is placed after the filter and connected to the 

receiver. After the initial measurements the length is increased step by step until the received power is too 

low to transmit or the dispersion is too high for the receiver to detect the signal. 

With EDFA at 75 km the transmission was possible, but after 125 km small packet losses were observed. The 

packet loss at 125 km is very low (approx. 7%) but still noticeable. As the Rx power at 125 km was more than 

enough for transmission, the dispersion should be the reason for this packet loss.  

  

Figure 3.15  Setup for testing a 10 Gbps fiber network with EDFA 
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After further investigation it was evident that the dispersion was the cause for the packet loss. In order to 

compensate this dispersion a DCF (Dispersion Compensating Fiber) was used after 125 km.  

 

 

 

 

 

 

 

 

Figure 3.16 shows the network setup with a DCF after 125 km. The DCF unit used in this thesis could 

compensate for the dispersion of 40 km fiber length.  

 

 

 

 

 

 

 

 

 

 

 

The specification for the DCF used in this thesis is presented in table 3.4. 

 

 

 

 

 

 

Dispersion Compensation Fiber 

Loss 5.02 dB 

Dispersion -690 ps/nm at 1550 nm 

Length 8.19 km 
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Figure 3.16 Setup for testing 10 Gbps fiber network with EDFA using DCF 

Figure 3.17 DCF (Dispersion Compensating Fiber) 

Table 3.4 DCF Specifications 
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After the placement of the DCF after 125 km and successful transmission, the fiber length is increased again 

with steps of 25 km. The transmission is error free after a total fiber length of 150 km with the EDFA at 75 

km and DCF at 125 km. After 175 km the Rx power is too low for the XFP receiver to detect anything. The Rx 

power after 175 km is -19 dBm and the receiver can detect signals with the minimum power of around -16 

dBm. 
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Figure 3.18 Maximum distance Setup for testing a 10 Gbps fiber 

network with EDFA using a DCF 
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3.2.1 Performance Measurement for 10 Gbps Fiber Link 

As with the measurement of 1 Gbps fiber network, the maximum transmission rate depends on the distance 

of the link. For 1 Gbps links the attenuation is much more prominent than the dispersion. On the other hand 

dispersion can be very prominent and can be the most important factor in limiting the transmission speeds 

and distance of a fiber link. This is due to the fact that the signal pulse width for 10 Gbps is 10 times smaller 

than the pulse width of 1 Gbps and larger distance can result in overlapping pulses, causing higher bit error 

rate.  

The figure 3.19 shows the network topology for the 10 Gbps simulations.  

 

 

 

 

 

 

To measure maximum achievable bitrate with increasing distance pktgen is used. Pktgen is a tool specialized 

for high speed packet generation [9]. The routers used for the purpose of this thesis have 8 processing cores 

in total, divided into two processors. Netperf only utilize the main processor core so when the transmission 

is in progress only one core is generating packets. Thus the transmission rate is low and limited by the poor 

hardware utilization. Pktgen runs in Linux kernel very close to the actual hardware and thus makes it 

possible to generate packets with very little processing requirements. Consequently, the transmission rate of 

10 Gbps is possible with the use of pktgen provided that the hardware is capable of handling such high 

bitrates. 

3.2.2 Results 

Figure 3.20 shows the measurement of Rx power of XFPs with the increase in distance.  
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Figure 3.19 10 Gbps network topology 
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Figure 3.20  10 Gbps results Power vs. Distance  
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It can be observed from the above figure that as the distance increases the received power decreases 

linearly. After the distance of 75 km the Rx power is too low to transmit effectively. Hence the EDFA is 

connected after 75 km. The power level from 125 km to 150 km drops more than other distances because 

the DCF is connected after 125 km and the DCF has its own power attenuation of about 5 dB.  

Table 3.5 Shows the XFPs Rx power measurements with the increase of distance. All the power values are 

measured twice using the same setup and then their average is calculated in order to get more accurate 

results.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.6 shows the transmission speeds and error percentages with respect to the increasing fiber length. 

The bit rate is limited to 6 Gbps because of the limitation of the hardware. Even though the XFPs used for 

these tests are rated at 10 Gbps the routers used in the setup could not receive this high data rate. The 

maximum achievable data rate for the systems used in this setup is 6 Gbps. Hence the maximum bit rate 

seen in the results is 6 Gbps.  

 

 

 

 

 

 

 

 

Distance 
(km) 

Power 
(dBm) 

Power2 
(dBm) 

Average 
(dBm) 

25 -7.5 -7.1 -7.3 

50 -11.1 -11.5 -11.3 

75 -14.4 -14.6 -14.5 

100 4 4.5 4.25 

125 -1 -0.95 -0.975 

150 -13.5 -13.1 -13.3 

175 -19 -19.1 -19.05 

Table 3.5 10 Gbps Power vs. Distance  
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The measurements are first taken without the use of EDFA and DCF. As seen from the above results it can be 

observed that after the distance of 100 km there is 7 % packet loss, this is due to low Rx power. It is not 

possible to transmit beyond 100 km without EDFA, due to very low Rx power. With the use of EDFA after 75 

km there is no packet loss at 100 km, but there is a loss of about 7 % at 125 km, as the Rx power at this point 

is sufficient for transmission the error is due to the increasing dispersion. Beyond 125 km the dispersion is so 

prominent that the transmission is not possible. After using an EDFA after 75 km and a DCF after 125 km it is 

possible to achieve the maximum distance of 150 km without any packet loss with the transmission speeds 

of 6 Gbps. At 175 km and beyond the Rx power levels are too low for the XFP receiver to detect any signal 

and thus no transmission is possible. 

  

Distance 
(km) 

Bitrate 
(Gbps) 

Percentage 
of Rx 

packets 
with error 

Percentage of 
Rx packets 
with error 

(EDFA after  
75 km) 

Percentage of Rx 
packets with error 
(EDFA after 75 km 

and DCF after  
125 km) 

0 6 0 % 0 % 0 % 

25 6 0 % 0 % 0 % 

50 6 0 % 0 % 0 % 

75 6 0 % 0 % 0 % 

100 6 7 % 0 % 0 % 

125 6 100 % 7 – 8 % 0 % 

150 6 100 % 100 % 0 % 

175 6 100 % 100 % 100 % 

Table 3.6 10 Gbps Bit rate and Packet Error 
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3.3 Solar Powered EDFA 

One of the main objectives of this thesis work was to investigate the possibilities of using one or more solar 

panels to provide power for EDFA. The setup for testing the usability of solar power as a power source for 

EDFA is shown in figure 3.21. 

 

 

 

  

 

 

 

 

 

 

One of the main objectives for this task was to investigate if the power provided by a small low cost solar 

panel is enough to run an EDFA on a daily basis. The specifications of the solar panel used are shown in the 

table 3.7 

 

 

 

 

 

 

 

 

3.3.1 Charge - discharge procedure 

In the above setup (figure 3.21) the generic power controller is responsible for management of the system. 

Overall the power from the solar panel is used to charge the battery, which in turn operates the EDFA.  The 

solar panel is being used to charge a 12 V battery. They are both interconnected using the generic power 

controller that monitors the voltages, current and other different parameters like temperature of battery, 

cutoff voltages etc. The temperature is measured on the battery in order to avoid overheating.  

Solar Panel Photovoltaic 
module 

MODEL SLP025-12 

Pmax 25 W 

Vmax 17.2 V 

Imax 1.4 A 

Voc 21.6 V 

Isc 1.6 A 

Solar panel 

Battery 

Generic power 

controller 

EDFA 

Apache Server 

Figure 3.21 Setup for solar powered EDFA analysis 

Table 3.7 Specifications for the solar panel 



39 
Investigating Maximum Fiber Link Length with SEDFA (Solar Erbium Doped Fiber Amplifier) 

The power consumption of the EDFA gain block is approximately 1W and for the purpose of this thesis only 

one EDFA gain block is used as a load, without any separate chassis or electronic equipment, making it low 

cost and low power. The power consumption of the EDFA is also constant, regardless of how much traffic is 

passing through. Due to difficulties in placing all the bulky experimental equipment, including > 300 km fiber 

close to a window pointing southwards for the solar panel, a resistor load of 1W was also connected to the 

power controller instead of the EDFA, in order to simulate the EDFA power consumption during charging by 

sunlight.  

 As the EDFA needs about 1 W during 24 hours, it has an energy consumption of 24 Wh per day. The solar 

panel has a maximum power of 25 W, so theoretically one hour of full sun per day would be enough to 

power the EDFA. However, the chemical processes in the battery needs more power than 1 Wh to store 1 

Wh, maybe 1.5 Wh. Anyhow, it seems likely that some hours of full sun per day would give enough energy to 

power the EDFA.  

The generic power controller is connected to a Bifrost router running Apache server. The system is 

programmed to monitor the power controller. All the important parameters like voltage and current 

readings, temperature and time of the day is being recorded in the router after every minute. Remote 

sharing is enabled in the Bifrost router, so all the required data and power readings can be accessed anytime 

by using SSH.    

The generic power controller is also connected to the Apache server; the server is used to access all the 

important parameters in real time. Apart from storing the data from different sensors on the board, it also 

stores the current status of the system. A graph is plotted after a particular time period showing the real 

time status of the system. For more details regarding the working and specification of the generic power 

controller refer to appendix A.  
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3.3.2 Results  

The figure 3.22 and figure 3.23 shows the current battery voltage, voltage target, the current provided by 

the solar panel, battery voltage, the voltage at which the load will be cut off and the status of the load in real 

time. The crontab tool in Linux was used to create a cronjob to refresh the different parameter values from 

the generic power controller after every 2-5 minutes. For more detail regarding how to use crontab refer to 

appendix C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.22 Results for SEDFA (June)  
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Figure 3.24 shows the simplified result of the simulation. It can be observed from figure 3.24 that the battery 

voltage never drops below the threshold for the voltage for low disconnect of load during the whole 

procedure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.23 Results for SEDFA (July)  
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The solar panel for this charging was placed in such a way as to allow only approximately four hours of 

sunshine on the panel. This was done in order to simulate a worst-case scenario, as in Africa the effective 

solar hours are about 8 hours per day. Using four hour per day in this simulation verify that the EDFA 

consumes so little power that it can work even if the effective solar hours are reduced to 4 hours per day. 

Also it can be observed from the above figure 3.15 that during the time from 5th July to 7th July the charging 

period is even less than 4 hours but the battery voltage is hardly affected by that. Simulations were done to 

test the risk of several cloudy days in a row and it was observed that it is possible to run the EDFA for about a 

week without any significant sunshine. 

 

 

 

 

  

Figure 3.24 Results of EDFA showing Voltages for load disconnect 
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Chapter 4 

4. Results and discussion 

4.1   1 Gbps Fiber Link 
The SFPs for nominal 150 km had no data if the 150 km limitations was due to attenuation limitation or 

dispersion limitation and the vendor had no data either about it. From the rated power budget on the SFPs, 

38 dB, one can guess that they are attenuation limited, as (with typical fiber loss) 150 km x  0.25 dB/km = 

37.5 dB, but already a little longer link, with an amplifier, might be dispersion limited. 

For the 1 Gbps fiber links a distance of 333 km is reachable while using only one amplifier and standard SFPs 

designed for 150 km. The calculated length predictions in the pre-study are confirmed, both for attenuation 

(310 km) and dispersion (355 km) limitations. This long length is also due to the good quality fiber used with 

a low attenuation of 0.20 dB/km.  

To place the EDFA as a booster after the laser is easier for powering, but did not give good results as the 

EDFA is not optimized for amplification of high input level in comparison to the lower signal levels, the 

output power was only about 15 dB at the maximum amplification. The small signal amplification was 

specified up to 40 dB for the amplifier, and consequently it is much more effective to use it as an in-line 

amplifier. The disadvantage is the need for power in the middle. Pre-amp placement near the receiver is 

difficult, as noise also gets amplified along with the desirable signal and cause bit rate errors at the receiver. 

To use an EDFA as a pre-amplifier a specially designed pre-amp EDFA is needed that is optimized to reduce 

the noise amplification and amplify only the desirable signal. If two in-line amplifiers are used along one link 

with the same transceivers, the power after 333 km is -6 dBm, which gives a power margin of 29 dB to the 

minimum receiver sensitivity. This great power margin should theoretically make it possible to achieve a 

total fiber length of 480 km. Unfortunately, due to difficulties to obtain more fiber (150 km) and a longer test 

length, it was not possible to test this prediction. According to the theoretical calculations in the pre-study 

such distances are possible also from a dispersion point of view, if the chirp parameter is not on the high 

side. It can be observed from the measurements in this work that the main limitation for 1 Gbps network is 

the attenuation. However, the table 3.3 indicates that the transmission speeds are affected near the 

maximum distance. They drop from more than 980 Mbps to around 930 Mbps; this is mostly due to the low 

Rx power levels for the longest distances. The low Rx value due to attenuation can cause packet errors 

resulting in packet loss and lower bit rate. In a real link a power margin of at least 3 dB is needed to account 

for future degrading of lasers and fiber splices etc. A practical link length should therefore be 3 / 0.20 = 15 

km shorter and not be longer than about 310 km.  

Hence, it is proven, both theoretically and experimentally, that the goal of a practical 250 km link, with a 3 

dB power margin, is exceeded with more than 60 km, and up to 310 km link length with 0.20 dB/km can be 

used.  

4.2   10 Gbps Fiber Link 
For the 10Gbps network XFPs with estimated achievable length of 40 km were used, their high speed means 

that the dispersion will be more prominent and may cause transmission errors below 100 km. For the 10 

Gbps network a distance of about 125 km is reachable with using only one EDFA and standard 10 Gbps XFPs 

that are designed for 40 km. It can be concluded from this long distance that the XFP lasers are externally 

modulated, with a typical chirp parameter of about +2, as calculated in the section 2.2. It also means that 

the measurements justify the theoretical estimates for the 10 Gbps theory. It can be observed from the 

above figure that as the distance increases the received power decreases linearly. After the distance of 75 
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km the Rx power is too low to transmit effectively. Hence the EDFA is connected after 75 km. After 100 km 

the dispersion starts to cause packet loss, the pulse broadening gets too high, making it difficult to 

differentiate between each pulse. Hence a DCF is used after 100 km to overcome this dispersion. The DCF 

unit used can compensate dispersion for 40 km fiber length. Using an EDFA after 75 km and a passive DCF 

after 125 km, a maximum distance of 150 km can be achieved without any packet loss. After 150 km we 

again have too high dispersion to transmit, also the attenuation is at the limit at 150 km, so beyond 150 km 

both another amplifier and another DCF unit are required for transmission. 

4.3 Solar Power 
It can be concluded from section 3.3.2 that a solar powered EDFA is a suitable choice for rural areas with no 

reliable electric grid. As the EDFA only consumes 1W power, due to the uncooled pump laser, and the 

simulated effective solar hours are around four hours per day, the setup with solar panel as power source 

are perfectly suitable for countries like Somalia where the average effective solar hours are approximately  

eight hours per day. Also this low power consumption makes it possible to keep the network running for 

several nights/days even with cloudy weather.  
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Chapter 5 

5. Conclusion 
In this master thesis it has been shown that standard CWDM 1550 nm SFP transceivers for 1 Gbps and 

nominal 150 km can be utilized with one in-line EDFA gain block to reach fiber link distances over 310 km 

without dispersion limitations. The link is attenuation limited.  

It has also been shown that with one in-line EDFA, XFP transceivers for 10 Gbps and nominal 40 km can 

reach 125 km, before dispersion limits the link length. By adding a passive DCF-unit (Dispersion 

Compensating Fiber) 150 km error free transmission is achieved.  

Due to the low power consumption of the EDFA gain block with uncooled pump laser, solar power can be 

used for the EDFA, making it independent of other power sources. As the EDFA consumes very little power, 

approximately 1W, the use of a solar panel to power the EDFA is a promising solution. According to the 

results even only four hours of effective sunshine is more than enough to charge the battery to run the low 

power amplifier. Even with multiple cloudy days the battery voltage was enough to power the EDFA.   
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6. Future Work 
Field tests with solar cells under real African solar conditions are recommended to further establish the 

reliability of the power system. Also methods for supervision of the charging/discharging battery process and 

its dependencies on environmental parameters must be considered. Also the consideration of alternative 

charge storing devices e.g. Ultra-capacitors should be investigated as the ultra-capacitors are much more 

resistant to harsh environmental conditions as compared to batteries. The use of multiple solar panels of 

different types must be analyzed for optimum charge cycles. 
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