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This chapter is designed to provide the student with an introduction to the types of transmission media and their basic properties. 

OBJECTIVES:

Upon completion of this chapter, the student will be able to:

· State two common types of copper wiring and list its features in terms of bandwidth and length

· List frequency and bridging distance of a typical radio link

· List the requirements on a geostationary satellite and state one disadvantages and one advantage

· Make a comparison with low orbiting satellites and state one disadvantage and one advantage

· State two wavelengths used in optical fiber communication systems

· State two reasons for attenuation and dispersion respectively in an optical fiber

· State two light sources and two light detectors used in optical fiber communication systems
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Metal cable

Open wıre

In early days of telegraph lines, the only transmission medium was the “open wires” in the form of non-isolated copper or iron wires. The first application example of open wires is the 60 km Washington-Baltimore telegraph line founded in 1845. Open wires were generally used in Frequency Division Multiplex (FDM) systems in 1940s. They are still in use in some rural areas for only 3.1 kHz bandwidth voice communications.  
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 SEQ Figure \* ARABIC 1 Open wire metal cables

The advantages of using open wire cables are:

· Very low attenuation for voice frequencies

· Very simple and cheap

· Easy installation in rural areas

The main disadvantage of this type of transmission media is that it is vulnerable to electromagnetic disturbances and mechanical damage. Figure 2-1 shows well-known rural open wire application.

paired cable

Twisted pair, an example of paired cable, is probably the most commonly used transmission media. An example from our daily life is the cable connecting our telephone to the wall socket. These types of cables are mainly used in access network, between the subscribers and the exchange, and rarely in trunk networks between the exchanges. Figure 2-2 shows a typical paired cable structure.

Paired cable can be found as 2, 5, 10, 100 and 500 etc. pairs in a plastic or paper cover and is generally buried underground. The conducting material is normally copper with a diameter of 0.4 to 0.8 mm diameter. The wires inside the cable are twisted together to form pairs with two conductors or quads with four conductors. 
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 SEQ Figure \* ARABIC 2 Paired cable

There are two types of paired cable according to its shielding structure. If the cable core is covered with a metal sheath (lead or aluminum) inside the plastic cover structure, it not only has strength against the mechanical external damages but also has protection against electrical and electromagnetic interference.  Sometimes metal sheath is armored with steel wires to increase its mechanical strength. For aerial applications, paired cables are reinforced with a steel core.

Electrical characteristics, for example attenuation, of paired cables strictly depend on their conductor diameter size, conductor material and the frequency used. Although they were originally developed for analog communications, they can also be used for digital communications with a maximum capacity of 100 kbps. The main disadvantage for this type is the cross talk between the conductors. 

Coaxial cable

Some well-known applications of coaxial cables are cable-TV networks, local data networks and radio antenna feeders. They are preferred for both analog FDM and digital TDM (Time Division Multiplexing) systems with a capacity up to 200 Mbps. 

Figure 2-3 shows schematic of a coaxial cable and detailed cross-section. The cable consists of an inner conductor surrounded by a tube-shaped outer conductor. The best insulator between these conductors is air, however sometimes plastic materials are also used for the same purpose. Typical coaxial cable dimensions for telephony applications are 2.6/9.5 mm or 1.2/4.4 mm for inner/outer radius. The outer conductor also provides a shielding for surrounding effects such as electromagnetic interference. There are some coaxial cables with multi-wire inner conductor, twisted multi-wire and plastic insulator between them. These types are very useful for applications requiring flexible cabling. 
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Figure 2-

 SEQ Figure \* ARABIC 3 Coaxial cable schematic and cross-section details

Previously coaxial cables were used mainly in trunk networks but today they are replaced by optical fibers and main application area is shifted towards the access network.

One important feature of coaxial cable is that the main electrical characteristics are completely governed by conductor diameters. Roughly speaking, the attenuation is inversely proportional to the conductor diameter.

Radio waves

Radio as a transmission medium has great many applications in telecommunications. It can be used in local or intercontinental networks for fixed or mobile communications between network nodes or between users and network nodes. The most well known applications are cordless, GSM and satellite mobile phones, radio and TV broadcasting, radar, etc.

The radio spectrum shown in Figure 2-4 extends from 3 kHz to 300 GHz is a part of the electromagnetic spectrum such as infrared, visible, X-ray etc. spectrums.
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Figure 2-

 SEQ Figure \* ARABIC 4 Radio spectrum

The main feature of radio waves is that its propagation is strictly frequency-dependant. Radio waves having frequency below 30 MHz are reflected by the certain layers of the atmosphere and the ground. Because of this reason, frequencies below 30 MHz are generally used in maritime radio, telegraphy and telex applications with a small information capacity.

Some certain parts of VHF and UHF bands are used for TV broadcasting, FM radio, mobile telephony, etc. 

Frequencies grater than 3 GHz suffer attenuation caused by the objects on their way, such as buildings. For this reason they require free line of sight to establish a good communication between the transmitter and the receiver. Radio link uses the 2-40 GHz part of the spectrum and require free line sight as declared above. Similarly, satellite communication systems use 2-14 GHz frequency band. The information carried by these systems range from a few Mbps to several hundreds Mbps.

In this chapter, we will give some details about radio link and satellite applications. 

Radio link

The radio links can be used for both analog and digital communications systems. The physical distance between the transmitter and the receiver is called as the hope length and is strictly dependant on frequency output power, antenna size and type, climate. The information can also be transferred through several hopes having active or passive nodes at both ends. In passive systems, the signal is neither regenerated nor amplified instead, it is received by the receiver antenna and directed to the transmitted antenna. The only thing changed in a passive station is the direction of the signal in order to solve line of sight problems. 

A typical point-to-point radio link application is shown in Figure 2-5. 
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 SEQ Figure \* ARABIC 5 Point-to-point radio link

The main advantages of radio link systems can be summarized as 

· Fast installation

· No fixed infrastructure requirement

· Easy access to difficult areas (for other techniques)

· Need for only a few landowner permits

Point-to-multi point systems are generally used in high-speed internet-intranet, LAN-LAN interconnection, TV broadcast, IP services, leased lines, etc. In other words, they are very useful and cost effective in providing communications to scattered populations compared to wire line or point-to-point systems. A typical point-to-multipoint radio system is shown in Figure 2-6.
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 SEQ Figure \* ARABIC 6 Point-to-multipoint radio system

The main problems with radio links can be summarized as:

· Attenuation due to rain

· Refraction from atmosphere

· Reflection from ground and obstacles such as buildings

Satellite

Satellite communications had been started with the prophetic article of Arthur C. Clarke “Extra-Terrestrial Relays” in 1945. In this article, Clark proposed three geostationary satellites to provide world coverage. After various experiments in USSR and US, the following historical developments took place:

· 1958 - Christmas greeting from SCORE satellite
· 1960 - First reflector satellite, ECHO

· 1960 - First satellite recorded message

· 1962 - First active communications satellites, 

TELSTAR and RELAY

· 1963 - First geostationary satellite, SYNCOM

· 1965 - First commercial geostationary satellite, 

INTELSAT 1

· 1965 - First Russian communications satellite, 

MOLNYA

A satellite network in its simplest form consists of two Earth stations communicating with each other via a satellite as shown in Figure 2-7.

[image: image7.wmf]
Figure 2-

 SEQ Figure \* ARABIC 7 A typical satellite communication system

There are several satellite services, which are classified as

· Fixed satellite services
Earth stations - Satellite(s) - Earth station
· Mobile satellite services
Mobile earth stations

· Broadcasting satellite service
TV and radio

· Earth exploration satellite service
for example meteorological

· Space research service
Scientific and technical research

The frequency range for satellite communications lays between L band (0.4-0.46 GHz) and Q band (33-50 GHz), but not covers the whole range. The most commonly used frequencies are 6/4, 14/11 and 30/20 GHz for uplink/downlink.

Satellites are placed at previously defined orbits in the space. A satellite remains in that orbit as long as its centrifugal force is in balance with the gravitational attraction of the earth and other cosmic influences. There are four distinct altitude ranges used for telecommunication satellites. These orbits are:

· Low Earth orbit (LEO) between 500 and 2000 km, approximately 7 ms signal delay

· Medium Earth orbit (MEO) between 5000 and 15000 km (also called intermediate circular orbit, (ICO)), approximately 70 ms signal delay

· Geostationary Earth orbit (GEO) at 35786 km (also called Clark orbit), approximately 480 ms signal delay

· Highly elliptical orbit (HEO) beyond GEO

 The problems with satellite communications are similar to that of radio link. In summary,

· Attenuation due to atmosphere and ionosphere,

· Attenuation due to precipitations and clouds,
· Losses due to antenna depointing,

are main problems with satellite communications.

Optical fiber

Optical fibers have been extensively used in communications systems due to their unique features, such as

· Low attenuation
· High capacity

· Small volume

· Low weight

· Insensitive to electromagnetic interference

· No cross-talk

After the proposal of Gao and Hockham in 1966, the first low loss fiber (<20 dB/km) suitable for communications systems had been produced in 1970. 

With the advent of low-loss (<0.2 dB/km) single-mode optical fibers, long wavelength semiconductor lasers and high-speed semiconductor photodetectors, the high bit rate, ultra-long distance optical communication systems have found many applications. 

There are mainly three optical windows used in optical fiber communications. These windows are shown in Figure 2-8.
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Figure 2-

 SEQ Figure \* ARABIC 8 Attenuation curve of a typical optical fiber

In the last two decades, the trend in optical fiber communication systems have moved to longer wavelengths where the optical loss and dispersion at 1.3 and 1.55 (m are significantly less than at around 0.85 (m. Furthermore, the use of single-mode fibers at longer wavelengths has increased the information capacity and the repeater spacing.

There are two physical effects defining the limits of the light transmission in optical fibers (see Figure 2-9):

· Loss

· Dispersion 

The combined effects of dispersion and loss have restricted communication to only a small fraction of the tremendous bandwidth of the optical fibers. 
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Figure 2-

 SEQ Figure \* ARABIC 9 Attenuation and dispersion of pulse traveling inside the optical fiber

Fiber attenuation places an upper limit on the distance over which light can be transmitted. It is an inherent process and caused by the absorption and scattering inside the material. Attenuation can not be eliminated since it is directly related with the material and production process. A schematic demonstrating the attenuation sources is given in Figure 2-10. 
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 SEQ Figure \* ARABIC 10 Attenuation due to absorption and scattering in an optical fiber 

Dispersion causes the pulses to spread out and eventually overlap to such an extent that all the information is lost. In digital transmission this places an upper limit on the pulse rate, for a given transmission distance. There are mainly four types of dispersion in optical fibers. These are:

· Mode dispersion (also called modal dispersion)

· Chromatic dispersion (material and wave guide dispersion)

· Polarization mode dispersion

· Self-phase modulation

Mode dispersion, shown in Figure 2-11, is a result of the fact that different modes travel through different paths along the fiber, thus reaching the receiver at different times. Single-mode fiber has zero mode dispersion.
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 SEQ Figure \* ARABIC 11 Mode and material dispersion

Material dispersion is due to the line-width of the light source. Sources having broader line width produce light that is composed of slightly different wavelengths. Since the speed inside the core depends on the wavelength, some part of the pulse reaches to the receiver later relative to the others and this phenomena causes pulse broadening.

Types of optical fiber

Typical telecommunication fibers can be classified as multimode fibers (MMF) and sing-mode fibers (SMF). Only one mode can travel along a SMF whereas many modes can travel along a MMF depending on its core diameter.

A typical optical fiber has a core and a cladding surrounding it, as shown in Figure 2-12. The refractive index of the core is made to be slightly greater than that of grating in order to provide light guidance inside the core.
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Figure 2-

 SEQ Figure \* ARABIC 12 Optical fiber schematic

In respect to the physical structure of the fibers, three types of fibers have been developed:

· Step-index fiber

· Graded-index fiber

· Single-mode fiber

Figure 2-13 shows cross section, refractive index profile and light guidance inside these fiber types. Approximate dimensions of core/cladding are 100/200, 50/125, and 8-10/125 (m for step index, graded index and single-mode fibers, respectively. 
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Figure 2-

 SEQ Figure \* ARABIC 13 Optical fiber types according to their construction

Optical fibers are generally packed in several ways. None of these packing structures has metal shielding since optical fibers do not require electromagnetic protection but mechanical. The most commonly found packing, tube cable, is shown in Figure 2-14.
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Figure 2-

 SEQ Figure \* ARABIC 14 Tube optical fiber cable with 36 fibers

Optical transmitters and receivers

There are two types of transmitters used in optical communication systems. These are:

· LED (Light Emitting Diode)

· LD (Laser Diode, also called semiconductor laser)

There are mainly two important characteristics of an optical transmitter. These are its:

· Output power

· Spectral width

LEDs operate around first optical window (850 nm) where attenuation is higher compared to the loss in 1300 and 1550 nm. They also have larger spectral width compared to the LDs. However, they are cheaper and easier to fabricate.

LDs have very narrow spectral width (typically a few nanometers) and high output power. They can easily operate on second and third windows where attenuation is lower. They also have very high output power compared to the LEDs. Because of these superior features, LDs are preferred in modern optical communication networks. 

Optical receivers are divided into two categories. These are:

· PIN (Positive-Intrinsic-Negative) diode
· APD (Avalanche Photo Diode)
Some important characteristics of the optical receivers are their

· Sensitivity and

· Dynamics.

The receiver must capable of detecting very low power levels coming from the optical fiber to maintain long distance communications. The receiver dynamics is also important to ensure that the fast changes in the incoming pulse are detected correctly. This is a necessity for high bit-rate transmission systems. APDs are superior to PINs in both sensitivity and dynamics and hence preferred for high bit-rate long-haul optical communication systems.

Figure 2-15 summarizes the use of optical transmitters and receiver according to the wavelength used and material that they are made of.
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Figure 2-

 SEQ Figure \* ARABIC 15 Optical transmitters and receivers in wavelength domain

Trends in optical communications

There have been great advances in optical communications especially in last two decades. These can be summarized as:

Optical amplifiers: Erbium Doped Fiber Amplifier (EDFA) is one of the best examples to the optical amplifiers. The amplifying medium of an EDFA is typically a few meters of the fiber itself, doped with Erbium ions. Use of these amplifiers can eliminate the attenuation limit on the repeater spacing.

Narrow spectral-width lasers: Distributed Feedback Laser (DFB), Distributed Bragg Reflector laser (DBR), and some hybrid structures such as Hybrid Soliton Pulse Source (HSPS) are some examples to special lasers with very narrow spectral width. Narrow spectral width reduces dispersion (material) in the fiber hence increases the communication range.

Dispersion-Shifted Fiber (DSF): Main source of dispersion in single-mode fibers is the material dispersion. This type of dispersion is minimized around 1500 nm where fiber attenuation is minimum as well, thus providing long-haul communication.

Solitons: A soliton is a shape preserving pulse that can travel undistorted through the fiber thus eliminate dispersion. The use of solitons can eliminate the dispersion limit on high capacity communication systems. HSPS is an example to soliton sources. 

Optical cross-connect: It is possible to build an all-optical network by using an Optical cross-connect (OXC) as a concentrator and gateway between different networks. This will eliminate optical to electrical signal conversion in conventional Digital cross-connects (DXC). 

Wavelength Division Multiplexing (WDM): WDM can simply be defined as a method of sending more than one signal inside a fiber. It is the wavelength domain equivalent of Frequency Division Multiplexing (FDM) defined in frequency domain. Different wavelengths (sometimes called colors) inside a fiber can carry signals (or channels) without any mixing as shown in Figure 2-16. If more than two wavelengths (1300 and 1550 nm) are used than the system is called as Dense WDM or shortly DWDM. 
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 SEQ Figure \* ARABIC 16 Wavelength division multiplexing with three wavelengths
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