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Ethernet, defined under IEEE 802.3, is one of today's most widely used data communications standards, and it finds its major use in Local Area Network (LAN) applications. With versions including 10Base-T, 100Base-T and now Gigabit Ethernet, it offers a wide variety of choices of speeds and capability. Ethernet is also cheap and easy to install. Additionally Ethernet, IEEE 802.3 offers a considerable degree of flexibility in terms of the network topologies that are allowed. Furthermore as it is in widespread use in LANs, it has been developed into a robust system that meets the needs to wide number of networking requirements.

Ethernet, IEEE 802.3 history

The Ethernet standard was first developed by the Xerox Corporation as an experimental coaxial cable based system in the 1970s. Using a Carrier Sense Multiple Access / Collision Detect (CSMA/CD) protocol to allow multiple users it was intended for use with LANs that were likely to experience sporadic use with occasional heavy use.

The success of the original Ethernet project lead to a joint development of a 10 Mbps standard in 1980. This time three companies were involved: Digital Equipment Corporation, Intel and Xerox. The Ethernet Version 1 specification that arose from this development formed the basis for the first IEEE 802.3 standard that was approved in 1983, and finally published as an official standard in 1985. Since these first standards were written and approved, a number of revisions have been undertaken to update the Ethernet standard and keep it in line with the latest technologies that are becoming available.

Ethernet network elements

The Ethernet IEEE 802.3 LAN can be considered to consist of two main elements: 

· Interconnecting media:   The media through which the signals propagate is of great importance within the Ethernet network system. It governs the majority of the properties that determine the speed at which the data may be transmitted. There are a number of options that may be used:

· Coaxial cable:   This was one of the first types of interconnecting media to be used for Ethernet. Typically the characteristic impedance was around 110 ohms and therefore the cables normally used for radio frequency applications were not applicable.

· Twisted Pair Cables   Type types of twisted pair may be used: Unshielded Twisted Pair (UTP) or a Shielded Twisted Pair (STP). Generally the shielded types are better as they limit stray pickup more and therefore data errors are reduced.

· Fibre optic cable:   Fibre optic cable is being used increasingly as it provides very high immunity to pickup and radiation as well as allowing very high data rates to be communicated.

· Network nodes   The network nodes are the points to and from which the communication takes place. The network nodes also fall into categories:

· Data Terminal Equipment - DTE:   These devices are either the source or destination of the data being sent. Devices such as PCs, file servers, print servers and the like fall into this category.

· Data Communications Equipment - DCE:   Devices that fall into this category receive and forward the data frames across the network, and they may often be referred to as 'Intermediate Network Devices' or Intermediate Nodes. They include items such as repeaters, routers, switches or even modems and other communications interface units.

Ethernet network topologies

There are several network topologies that can be used for Ethernet communications. The actual form used will depend upon the requirements.

· Point to point:   This is the simplest configuration as only two network units are used. It may be a DTE to DTE, DTE to DCE, or even a DCE to DCE. In this simple structure the cable is known as the network link. Links of this nature are used to transport data from one place to another and where it is convenient to use Ethernet as the transport mechanism.

· Coaxial bus:   This type of Ethernet network is rarely used these days. The systems used a coaxial cable where the network units were located along the length of the cable. The segment lengths were limited to a maximum of 500 metres, and it was possible to place up to 1024 DTEs along its length. Although this form of network topology is not installed these days, a very few legacy systems might just still be in use.

· Star network:   This type of Ethernet network has been the dominant topology since the early 1990s. It consists of a central network unit, which may be what is termed a multi-port repeater or hub, or a network switch. All the connections to other nodes radiate out from this and are point to point links.

Despite the fact that Ethernet has been in use for many years, it is still a growing standard and it is likely to be used for many years to come. During its life, the speed of Ethernet systems has been increased, and now new optical fibre based Ethernet systems are being introduced. As the Ethernet standard is being kept up to date, the standard is likely to remain in use for many years to come.

Ethernet IEEE 802.3 Standards

- a summary of the Ethernet, IEEE 802.3, standards and their release dates.

Ethernet, 802.3 is defined under a number of IEEE standards, each reflecting a different flavour of Ethernet. One of the successes of Ethernet has been the way in which it has been updated so that it can keep pace with improving technology and the growing needs of the users.

As a result of this the IEEE standards committee for Ethernet has introduced new standards to define higher performance variants. Each of the Ethernet IEEE 802.3 standards is given a different reference so that it can be uniquely identified.

In addition to this the different IEEE 802.3 standards may be known by other references that reflect the different levels of performance. These are also defined below.

IEEE 802.3 standards

The IEEE 802.3 standard references all include the IEEE 802.3 nomenclature as standard. Different releases and variants of the standard are then designated by different designated letters after the 802.3 reference, i.e. IEEE 802.3*. These are defined in the table below.

	Standard
Supplement
	Year
	Description

	802.3a
	1985
	10Base-2 (thin Ethernet)

	802.3c
	1986
	10 Mb/s repeater specifications (clause 9)

	802.3d
	1987
	FOIRL (fiber link)

	802.3i
	1990
	10Base-T (twisted pair)

	802.3j
	1993
	10Base-F (fiber optic)

	802.3u
	1995
	100Base-T (Fast Ethernet and auto-negotiation)

	802.3x
	1997
	Full duplex

	802.3z
	1998
	1000Base-X (Gigabit Ethernet)

	802.3ab
	1999
	1000Base-T (Gigabit Ethernet over twisted pair)

	802.3ac
	1998 
	VLAN tag (frame size extension to 1522 bytes)

	802.3ad
	2000
	Parallel links (link aggregation)

	802.3ae
	2002
	10-Gigabit Ethernet

	802.3as
	2005
	Frame expansion

	802.3at
	2005
	Power over Ethernet Plus


Ethernet standards supplements and releases
New technologies are being added to the list of IEEE 802.3 standards to keep pace with technology.

Ethernet terminology

There is a convention for describing the different forms of Ethernet. For example 10Base-T and 100Base-T are widely seen in the technical articles and literature. The designator consists of a three parts:

· The first number (typically one of 10, 100, or 1000) indicates the transmission speed in megabits per second.

· The second term indicates transmission type: BASE = baseband; BROAD = broadband.

· The last number indicates segment length. A 5 means a 500-meter (500-m) segment length from original Thicknet. In the more recent versions of the IEEE 802.3 standard, letters replace numbers. For example, in 10BASE-T, the T means unshielded twisted-pair cables. Further numbers indicate the number of twisted pairs available. For example in 100BASE-T4, the T4 indicates four twisted pairs.

The Ethernet IEEE 802.3 standards are continually being updated to ensure that the generic standard keeps pace with constant advance of technology and the growing needs of the users. As a result, IEEE 802.3, Ethernet is still at the forefront of network communications technology, and it appears it will retain this position of dominance for many years to come. In addition to the different IEEE 802.3 standards, the terminology used to define the different flavours is also widely used for defining which Ethernet variant is used.

Ethernet IEEE 802.3 Frame Format / Structure

- a summary of the Ethernet, IEEE 802.3, data frame format or structure and how Ethernet data frames are sent.

Ethernet, IEEE 802.3 defines the frame formats or frame structures that are developed within the MAC layer of the protocol stack.

Essentially the same frame structure is used for the different variants of Ethernet, although there are some changes to the frame structure to extend the performance of the system should this be needed. With the high speeds and variety of media used, this basic format sometimes needs to be adapted to meet the individual requirements of the transmission system, but this is still specified within the amendment / update for that given Ethernet variant.

10 / 100 Mbps Ethernet MAC data frame format

The basic MAC data frame format for Ethernet, IEEE 802.3 used within the 10 and 100 Mbps systems is given below:
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Basic Ethernet MAC Data Frame Format
The basic frame consists of seven elements split between three main areas:-

· Header 

· Preamble (PRE) - This is seven bytes long and it consists of a pattern of alternating ones and zeros, and this informs the receiving stations that a frame is starting as well as enabling synchronisation. (10 Mbps Ethernet)

· Start Of Frame delimiter (SOF) - This consists of one byte and contains an alternating pattern of ones and zeros but ending in two ones.

· Destination Address (DA) - This field contains the address of station for which the data is intended. The left most bit indicates whether the destination is an individual address or a group address. An individual address is denoted by a zero, while a one indicates a group address. The next bit into the DA indicates whether the address is globally administered, or local. If the address is globally administered the bit is a zero, and a one of it is locally administered. There are then 46 remaining bits. These are used for the destination address itself.

· Source Address (SA) - The source address consists of six bytes, and it is used to identify the sending station. As it is always an individual address the left most bit is always a zero.

· Length / Type - This field is two bytes in length. It provides MAC information and indicates the number of client data types that are contained in the data field of the frame. It may also indicate the frame ID type if the frame is assembled using an optional format.(IEEE 802.3 only).

· Payload 

· Data - This block contains the payload data and it may be up to 1500 bytes long. If the length of the field is less than 46 bytes, then padding data is added to bring its length up to the required minimum of 46 bytes.

· Trailer 

· Frame Check Sequence (FCS) - This field is four bytes long. It contains a 32 bit Cyclic Redundancy Check (CRC) which is generated over the DA, SA, Length / Type and Data fields.

1000 Mbps Ethernet MAC data frame format

The basic MAC data frame format for Ethernet is modified slightly for 1GE, IEEE 802.3z systems. When using the 1000Base-X standard, there is a minimum frame size of 416bytes, and for 1000Base-T there is a minimum frame size of 520bytes. To accommodate this, an extension is added as appropriate. This is a non-data variable extension field to any frames that are shorter than the minimum required length.
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1GE / 1000 Mbps Ethernet MAC Data Frame Format
Half-duplex transmission

This access method involves the use of CSMA/CD and it was developed to enable several stations to share the same transport medium without the need for switching, network controllers or assigned time slots. Each station is able to determine when it is able to transmit and the network is self organising.

The CSMA/CD protocol used for Ethernet and a variety of other applications falls into three categories. The first is Carrier Sense. Here each station listens on the network for traffic and it can detect when the network is quiet. The second is the Multiple Access aspect where the stations are able to determine for themselves whether they should transmit. The final element is the Collision Detect element. Even though stations may find the network free, it is still possible that two stations will start to transmit at virtually the same time. If this happens then the two sets of data being transmitted will collide. If this occurs then the stations can detect this and they will stop transmitting. They then back off a random amount of time before attempting a retransmission. The random delay is important as it prevents the two stations starting to transmit together a second time.

Note: According to section 3.3 of the IEEE 802.3 standard, each octet of the Ethernet frame, with the exception of the FCS, is transmitted low-order bit first.

Full duplex

Another option that is allowed by the Ethernet MAC is full duplex with transmission in both directions. This is only allowable on point-to-point links, and it is much simpler to implement than using the CSMA/CD approach as well as providing much higher transmission throughput rates when the network is being used. Not only is there no need to schedule transmissions when no other transmissions are underway, as there are only two stations in the link, but by using a full duplex link, full rate transmissions can be undertaken in both directions, thereby doubling the effective bandwidth.

Ethernet addresses

Every Ethernet network interface card (NIC) is given a unique identifier called a MAC address. This is assigned by the manufacturer of the card and each manufacturer that complies with IEEE standards can apply to the IEEE Registration Authority for a range of numbers for use in its products.

The MAC address comprises of a 48-bit number. Within the number the first 24 bits identify the manufacturer and it is known as the manufacturer ID or Organizational Unique Identifier (OUI) and this is assigned by the registration authority. The second half of the address is assigned by the manufacturer and it is known as the extension of board ID.

The MAC address is usually programmed into the hardware so that it cannot be changed. Because the MAC address is assigned to the NIC, it moves with the computer. Even if the interface card moves to another location across the world, the user can be reached because the message is sent to the particular MAC address.

100 Mbps Ethernet / IEEE 802.3u including 100 Base-T

- a summary or tutorial about 100 Mbps Fast Ethernet, IEEE 802.3u, including 100 Base-T.

100Base-T Ethernet was originally known as "Fast Ethernet" when the IEEE 802.3u standard that defines it was released in 1995. At that time, it was the fastest version of Ethernet that was available offering a speed of 100 Mbps (12.5 MByte/s excluding 4B/5B overhead). Now 100Base-T has been overtaken by other standards such as 1GB and more recently 10 GB Ethernet offering speeds of 10 and 100 times that of the 100Base-T versions. Nevertheless 100Base-T is widely used for most networking applications as it offers a performance that is more than acceptable for many applications. Officially, the 100BASE-T standard is IEEE 802.3u.

100Base-T overview

100BaseT Ethernet, also known as Fast Ethernet is defined under the 802.3 family of standards under 802.3u. Like other flavours of Ethernet, 100Base-T, Fast Ethernet is a shared media LAN. All the nodes within the network share the 100 Mbps bandwidth. Additionally it conforms to the same basic operational techniques as used by other flavours of Ethernet. In particular it uses the CSMA/CD access method, but there are some minor differences in the way the overall system operates.

The designation for 100Base-T is derived from a standard format for Ethernet connections. The first figure is the designation for the speed in Mbps. The base indicates the system operates at baseband and the following letters indicate the cable or transfer medium.

Note on CSMA/CD:

The CSMA/CD protocol used for Ethernet and a variety of other applications falls into three categories. The first is Carrier Sense. Here each station listens on the network for traffic and it can detect when the network is quiet. The second is the Multiple Access aspect where the stations are able to determine for themselves whether they should transmit. The final element is the Collision Detect element. Even though stations may find the network free, it is still possible that two stations will start to transmit at virtually the same time. If this happens then the two sets of data being transmitted will collide. If this occurs then the stations can detect this and they will stop transmitting. They then back off a random amount of time before attempting a retransmission. The random delay is important as it prevents the two stations starting to transmit together a second time.

There are a number of cabling versions available:

· 100Base-TX:   uses two pairs of Category 5 UTP *

· 100Base-T4:   uses four pairs of Category 3 (now obsolete) *

· 100Base-T2:   uses two pairs of Category 3 (now obsolete) *

· 100Base-FX:   It uses two strands of multi-mode optical fibre for receive and transmit. Maximum length is 400 metres for half-duplex connections (to ensure collisions are detected) or 2 kilometres for full-duplex and is primarily intended for backbone use

· 100Base-SX:   It uses two strands of multi-mode optical fibre for receive and transmit. It is a lower cost alternative to using 100Base-FX, because it uses short wavelength optics which are significantly less expensive than the long wavelength optics used in 100Base-FX. 100Base-SX:   can operate at distances up to 300 metres

· 100Base-BX:   is a version of Fast Ethernet over a single strand of optical fibre (unlike 100Base-FX, which uses a pair of fibres). Single-mode fibre is used, along with a special multiplexer which splits the signal into transmit and receive wavelengths.

* The segment length for a 100Base-T cable is limited to 100 metres.

Fast Ethernet data frame format

Although the frame format for sending data over an Ethernet link does not vary considerably, there are some changes that are needed to accommodate the different physical requirements of the various flavours. The format adopted for Fast Ethernet, 802.3u is given below:
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Ethernet data frame format
Fast Ethernet (802.3u) Data Frame Format

It can be seen from the diagram above that the data can be split into several elements:

PRE     This is the Preamble and it is seven bytes long and it consists of a series of alternating ones and zeros. This warns the receivers that a data frame is coming and it allows them to synchronise to it.

SOF     This is the Start Of Frame delimiter. This is only one byte long and comprises a pattern of alternating ones and zeros ending with two bits set to logical "one". This indicates that the next bit in the frame will be the destination address.

DA     This is the Destination Address and it is six bytes in length. This identifies the receiver that should receive the data. The left-most bit in the left-most byte of the destination address immediately follows the SOF.

SA     This is the Source Address and again it is six bytes in length. As the name implies it identifies the source address.

Length / Type     This two byte field indicates the payload data length. It may also provide the frame ID if the frame is assembled using an alternative format.

Data     This section has a variable length according to the amount of data in the payload. It may be anywhere between 46 and 1500 bytes. If the length of data is below 46 bytes, then dummy data is transmitted to pad it out to reach the minimum length.

FCS     This is the Frame Check Sequence which is four bytes long. This contains a 32 bit cyclic redundancy check (CRC) that is used for error checking.

Data transmission speed

Although the theoretical maximum data bit rate of the system is 100 Mbps. The rate at which the payload is transferred on real networks is far less than the theoretical maximum. This is because additional data in the form of the header and trailer (addressing and error-detection bits) on every packet, along with the occasional corrupted packet which needs to be re-sent slows the data transmission. In addition to this time is lost time waiting after each sent packet for other devices on the network to finish transmitting.

Fast Ethernet using Cat 5 cable

Fast Ethernet can be transmitted over a variety of media, but 100Base-t is the most common form and it is carried over Cat 5 cable. These cables have four sets of twisted pair wires of which only two are used for 10Base-T or 100Base-T. For 10Base-T and 100Base-T one pair of wires is used for the transmitted data (TD) and another for the received data (RD) as shown below. The data is carried differentially over the wires and in this way the "+" and "-" wires carry equal and opposite signals. As a result any radiation is cancelled out.

	Pin
	Wire
colour
	Function

	1 
	White + Green 
	+TD 

	2 
	Green 
	-TD 

	3 
	White + Orange 
	+RD 

	4 
	Blue 
	Not used 

	5 
	White + Blue 
	Not used 

	6 
	Orange 
	-RD 

	7 
	White + Brown 
	Not used 

	8 
	Brown 
	Not used 


Wiring for Cat 5 cable used 100 Base-T Ethernet
Fast Ethernet Applications

Fast Ethernet in the form of 100Base-T, IEEE 802.3u has become one of the most widely used forms of Ethernet. It became almost universally used for LAN applications in view of the ease of its use and the fact that systems could sense whether 10Base-T or 100Base-T speeds should be used. In this way 100Base-T systems could be incorporated steadily and mixed with existing 10Base-T equipment. The higher specification standard would be used once the two communicating elements were both 100Base-T. In addition to this the fibre based version is also used, but in view of the fact that Cat5 cable is so cheap and easy to use, the wired version is more common. However the fibre version has the advantage of being able to communicate over greater distances.

Gigabit Ethernet, 1GE including 1000Base-T

- an overview of the essentials of Gigabit Ethernet, 1GE, including 1000 base-T, one of the family of IEEE 802.3 standards

Gigabit Ethernet, 1GE, is the next development of the Ethernet standard beyond the popular 100Base-T version. As the name suggests, Gigabit Ethernet, 1GE, allows the transfer of data at speeds of 1000 Mbps or 1Gbps. It is particularly easy to install because the 1000Base-T variant is designed to run over Cat 5 UTP (unshielded twisted pair) that is widely and cheaply available.

Initially Gigabit Ethernet, 1GE was only used for applications such as backbone links within large networks, but as the technology has become more affordable it is being used more widely, and the 1000Base-T variant is often incorporated within PCs themselves. However even 1 Gigabit Ethernet is being superseded as 10 Gigabit Ethernet is available and being widely used. Despite this, the 1 Gigabit version will still be designed into new product for many years to come.

Gigabit Ethernet, 1GE development

The success of the Ethernet standard has been its ability to evolve and move forward in such a way that it can keep up with or even ahead of the networking requirements for local area networks. The original development of Ethernet took place in 1970s at the Xerox Corporation. Since was launched on to the market it has steadily evolved, seeing versions including 10Base-T and later 100Base-T become networking standards.

With its success the Ethernet standard was taken over by the IEEE under their standard IEEE 802.3. Accordingly IEEE 802.3ab, which defines Gigabit Ethernet was ratified in 1999 and it became known as 1000Base-T.

Gigabit Ethernet basics

Although the 1000Base-T version of Gigabit Ethernet is probably the most widely used, the 802.3ab specification also details versions that can operate over other media:

· 1000Base-CX   This was intended for connections over short distances up to 25 metres per segment and using a balanced shielded twisted pair copper cable. However it was succeeded by 1000Base-T.

· 1000Base-LX   This is a fiber optic version that uses a long wavelength

· 1000Base-SX    This is a fiber optic version of the standard that operates over multi-mode fiber using a 850 nanometer, near infrared (NIR) light wavelength

· 1000Base-T    Also known as IEEE 802.3ab, this is a standard for Gigabit Ethernet over copper wiring, but requires Category 5 (Cat 5) cable as a minimum.

The specification for Gigabit Ethernet provides for a number of requirements to be met. These can be summarised as the points below:

· Provide for half and full duplex operation at speeds of 1000 Mbps.

· Use the 802.3 Ethernet frame formats.

· Use the CSMA/CD access method with support for one repeater per collision domain.

· Provide backward compatibility with 10BASE-T and 100BASE-T technologies.

Note on CSMA/CD:

The CSMA/CD protocol used for Ethernet and a variety of other applications falls into three categories. The first is Carrier Sense. Here each station listens on the network for traffic and it can detect when the network is quiet. The second is the Multiple Access aspect where the stations are able to determine for themselves whether they should transmit. The final element is the Collision Detect element. Even though stations may find the network free, it is still possible that two stations will start to transmit at virtually the same time. If this happens then the two sets of data being transmitted will collide. If this occurs then the stations can detect this and they will stop transmitting. They then back off a random amount of time before attempting a retransmission. The random delay is important as it prevents the two stations starting to transmit together a second time.

Like 10Base-T and 100Base-T, the predecessors of Gigabit Ethernet, the system is a physical (PHY) and media access control (MAC) layer technology, specifying the Layer 2 data link layer of the OSI protocol model. It complements upper-layer protocols TCP and IP, which specify the Layer 4 transport and Layer 3 network portions and enable communications between applications.

Gigabit transport mechanism for 1000Base-T

In order to enable Gigabit Ethernet, 1000Base-T to operate over standard Cat 5 or Cat 5e cable, the transmission techniques employed operate in a slightly different way to that employed by either 10Base-T or 100Base-T. While it accomplishes this it still retains backward compatibility with the older systems.

Cat 5 cables have four sets of twisted pair wires of which only two are used for 10Base-T or 100Base-T. 1000BaseT Ethernet makes full use of the additional wires.

To see how this operates it is necessary to look at the wiring and how it is used. For 10Base-T and 100BaseT one pair of wires is used for the transmitted data and another for the received data as shown below:

	Pin
	Wire
colour
	Function

	1 
	White + Green 
	+TD 

	2 
	Green 
	-TD 

	3 
	White + Orange 
	+RD 

	4 
	Blue 
	Not used 

	5 
	White + Blue 
	Not used 

	6 
	Orange 
	-RD 

	7 
	White + Brown 
	Not used 

	8 
	Brown 
	Not used 


Wiring for Cat 5 cable used for 10 and 100 Base-T
The data is transmitted along the twisted pair wires. One wire is used for the positive and one for the negative side of the waveform, i.e. send and return. As the two signals are the inverse of each other any radiation is cancelled out. From the table the lines are labelled RD for received data and TD for transmitted data.

The Cat 5 cable used for transmitting 100BaseT Ethernet actually has a maximum clock rate of 125 Mbps. The reason for this is that the signal is coded so that 8 bits are coded into a 10 bit signal in a scheme known as 8B/10B. Thus to transmit at 100 Mbps the maximum clock rate is 125 MHz. This factor can also be used to advantage by 1000BaseT, Gigabit Ethernet.

To achieve the rate of 1000 Mbps, Gigabit Ethernet, 1000Base-T uses a variety of techniques to retain the maximum clock rate of 125 MHz while increasing the data transfer rate of a Gigabit. In this way the standard Cat 5 cable can be used as Gigabit Ethernet cable.

The first technique is that rather than using two wires to enable it to carry a signal representing a "0" or "1", it uses two sets of twisted pair and in this way four different data combinations can be transmitted: "00", "01", "10", and "11". This gives a four-fold increase in transmission speed. To give a further increase in speed by a factor of two, each twisted pair is used for transmission and reception of data, i.e. each twisted pair is bi-directional.

This method of transmission is known as 4D-PAM5, and the maximum data rate is 125 Mbps x 4 x 2 = 1000Mbps.

A further voltage is used for error correction.

Although the same cables are sued for Gigabit Ethernet, the designations for the individual lines in the Gigabit Ethernet cable is changed to map the way in which the data is carried. The letters "BI" indicate the data is bi-directional and the letters DA, DB, � etc indicate Data A, Data B, � etc.

	Pin
	Wire
colour
	Function

	1 
	White + Green 
	+BI-DA 

	2 
	Green 
	--BI-DA 

	3 
	White + Orange 
	+BI-DB 

	4 
	Blue 
	+BI-DC 

	5 
	White + Blue 
	-BI-DC 

	6 
	Orange 
	-BI-DB 

	7 
	White + Brown 
	+BI-DD 

	8 
	Brown 
	-BI-DD 


Line designations for Cat 5 Gigabit Ethernet cable
Gigabit Ethernet is rapidly becoming an accepted standard not just for use for high speed links in networks, but also for standard links between PCs and the relevant servers. Many PCs have Gigabit Ethernet fitted as standard and this also means that networks require to use Gigabit Ethernet switches, and routers, etc. However the fact that standard Cat 5 cable can be used for the 1000Base-T variant means that Gigabit Ethernet will rapidly take over from the previous variants of Ethernet, allowing speeds to be steadily increased.

Practical aspects

Gigabit Ethernet, 1GE has been developed with the idea of using ordinary Cat 5 cables. However several companies recommend the use of higher spec Cat 5e cables when Gigabit Ethernet applications are envisaged. Although slightly more expensive, these Cat 5e cables offer improved crosstalk and return loss performance. This means that they are less susceptible to noise. When data is being passed at very high rates, there is always the possibility that electrical noise can cause problems. The use of Cat 5e cables may improve performance, particularly when used in a less quiet electrical environment, or over longer runs.

Ethernet cable summary

- a summary of the different types of cable used for the different types of Ethernet including 10Base-T and 100Base-T, etc. A description of Cat 5 and other category cables is provided as well as Cat-5 crossover cables. This type of cable uses RJ45 connectors and accordingly is often referred to as RJ45 network cable, or RJ45 patch cable. 

The Ethernet standard is well established. It is used in a variety of different environments and accordingly there is a variety of different types of cable over which it operates. It is possible not only for Ethernet to operate at different speeds, but there are different varieties of cable that can be used within the same speed category. In order to ensure that Ethernet operates correctly, the types of cable, their electrical conditions and the maximum lengths over which they may operate are specified.

For many applications, ready made Ethernet cables may be purchased, and a knowledge of the construction of any Ethernet cables is not required. However for other applications it is necessary to know the construction of the Ethernet cable. As a result of this advertisements for different types of cable, Cat-5, Cat-5e, Cat-6 may be widely seen. These cables may be used for different applications.

A summary of Ethernet cables and their maximum operating lengths is given below:

	  Specification
	Cable type
	Maximum length

	10BaseT
	Unshielded Twisted Pair
	100 metres

	10Base2
	Thin coaxial cable
	180 metres

	10Base5
	Thick coaxial cable
	500 metres

	10BaseF
	Fibre optic cable
	2000 metres

	100BaseT
	Unshielded twisted pair
	100 metres

	100BaseTX
	Unshielded twisted pair
	220 metres


Ethernet cable type summary
Lengths provided are those accepted as the maximum.
These lengths are not necessarily included in the IEEE standard.

Categories for Ethernet cables

A variety of different cables are available for Ethernet and other telecommunications and networking applications. These cables that are described by their different categories, e.g. Cat 5 cables, Cat-6 cables, etc, which are often recognised by the TIA (telecommunications Industries Association) and they are summarised below:

· Cat-1:     This is not recognised by the TIA/EIA. It is the form of wiring that is used for standard telephone (POTS) wiring, or for ISDN.

· Cat-2:    : This is not recognised by theTIA/EIA. It was the form of wiring that was used for 4Mbit/s token ring networks.

· Cat-3:    : This cable is defined in TIA/EIA-568-B. It is used for data networks employing frequencies up to 16 MHz. It was popular for use with 10 Mbps Ethernet networks (100Base-T), but has now been superseded by Cat-5 cable.

· Cat-4:    : This cable is not recognised by the TIA/EIA. However it can be sued for networks carrying frequencies up to 20 MHz. It was often used on 16Mbps token ring networks.

· Cat-5:    : This is not recognised by the TIA/EIA. It is the cable that is widely used for 100Base-T and 1000Base-T networks as it provides performance to allow data at 100 Mbps and slightly more (125 MHz for 1000Base-T) Ethernet.

· Cat-5e:    : This form of cable is recognised by the TIA/EIA and is defined in TIA/EIA-568-B.. It has a slightly higher frequency specification that Cat-5 cable as the performance extends up to 125 Mbps. It can be used for 100Base-T and 1000Base-t (Gigabit Ethernet).

· Cat-6:    : This cable is defined in TIA/EIA-568-B. It provides more than double the performance of Cat-5 and Cat-5e cables allowing data at up to 250Mbps to be passed.

· Cat-7:    : This is an informal number for ISO/IEC 11801 Class F cabling. It comprises four individually shielded pairs inside an overall shield. It is aimed at applications where transmission of frequencies up to 600 Mbps is required.

Further descriptions of cat-5 and Cat-5e cables are given below as these are widely sued for Ethernet networking applications today.

Ethernet Cat 5 cable

Cat 5 cables or to give them their full name category 5 cable is the current preferred cable type for LAN network and telephone wiring where twisted pair cabling is required. Cat 5 cables consist of an unshielded cable comprising four twisted pairs, typically of 24 gauge wire. The terminating connector is an RJ-45 jack. In view of this these Cat5 network cables are often referred to as RJ45 network cables or RJ45 patch cables. Certified Cat-5 cables will have the wording "Cat-5" written on the side. As they conform to EIA/TIA 568A-5, this is written on the outer sheath. It is always best to use the appropriate network cables when setting up a network as faulty or not to standard cables can cause problems that may be difficult to identify and trace.

Cat5 network cable is now the standard form of twisted pair cable and supersedes Cat 3. The Cat 5 cables can be used for data speeds up to 125 Mbps, thereby enabling them to support 100Base-T which has a maximum data speed of 100 Mbps whereas the Cat-3 cable was designed to be compatible with 10Base-T. The Cat5 cable is able to support working up to lengths of 100 metres at the full data rate.

Where it is necessary to operate at higher speeds, as in the case of Gigabit Ethernet, an enhanced version of Cat 5 cable known as Cat 5e is often recommended, although Cat 5 is specified to operate with Gigabit Ethernet, 1000Base-T. Alternatively Cat 5e can be used with 100Base-T to enable greater lengths (up to 350 metres) to be achieved.

The wires and connections within the Cat 5 or Cat 5e cable vary according to the applications. A summary of the signals carried and the relevant wires and connections is given in the table below:

	Pin
No
	Colour
	Telephone
	10Base-T
	100Base-T
	1000Base-T
	PoE
Mode A
	PoE
Mode B

	1 
	White / green 
	  
	+TX 
	+TD 
	+BI_DA 
	48 V out 
	  

	2 
	Green 
	  
	-TX 
	-TX 
	-BI_DA 
	48 V out 
	  

	3 
	White / orange 
	  
	+RX 
	+RX 
	+BI_DB 
	48 V return 
	  

	4 
	Blue 
	Ring 
	  
	  
	+BI_DC 
	  
	48 V out 

	5 
	Blue / white 
	Tip 
	  
	  
	-BI_DC 
	  
	48 V out 

	6 
	Orange 
	  
	-RX 
	-RX 
	-BI_DB 
	48 V return 
	  

	7 
	White / brown 
	  
	  
	  
	+BI_DD 
	  
	48 V return 

	8 
	Brown 
	  
	  
	  
	-BI_DD 
	  
	48 V return 


RJ-45 / Cat 5 / Cat 5e Wiring
In the table, TX is transmitted data, and RX is received data. BI_Dn is bi-directional data, A, B, C, and D.

Ethernet Cat 5 crossover cables

There are a number of different configurations of cable that may be employed according to the equipment and the requirement. The most common type are the straight through cables which are wired in a 1 to 1 configuration. However Cat-5 crossover cables are also required on occasions.

Typically a Cat-5 cable used to connect a computer (PC) to a switch will be a straight through cable. However if two computers or two switches are connected together then a Cat5 crossover cable is used.

Many Ethernet interfaces in use today are able to detect the type of cable, whether it is a straight through or crossover cable, and they are able to adapt to the required format. This means that the requirement for Cat-5 crossover cables is less than it might otherwise be.

When using Cat-5 Ethernet crossover cables, they are not marked with the fact that they are crossover cables. Accordingly it is often wise to mark them to avoid confusion later.

Ethernet Cat 5e cables

In order to improve the performance of the cabling used for Ethernet and other applications, the Cat 5 cable was upgraded to cat 5e. This cable provides for improved levels of screening and reduced cross-talk. This is achieved by having individually screened twisted pairs.

Cat 5 network cable is now the standard for networking. Using a cost effective RJ45 connector, these cables may often be referred to as RJ45 network cable or RJ45 patch cable as they are able to link or patch different Ethernet items together very easily. Now with the introduction of Cat 5e Ethernet cables, these are becoming more widespread in their use.

Although this is not a complete summary of all the types of Ethernet cable that may be found, it gives a guide to some of the most common. 10Base-T and 100Base-T are possibly the most widely used forms of Ethernet, although higher speeds are now becoming common place. In addition to this the variety of cables including Cat-5 cable and all its versions including crossover Cat 5 cables may be required and obtained from a variety of suppliers.

Power over Ethernet, PoE, IEEE 802.3af / 802.3at

- a summary or tutorial about Power over Ethernet, PoE, also called Power over LAN, PoL and its specification under IEEE 802.3af and IEEE 802.3at.

Powering network devices can sometime present problems, especially if they are located remotely. One convenient solution is to supply the power over an Ethernet LAN cable. Power over Ethernet, is defined under two IEE standards, namely IEEE 802.3af and later IEE 802.3at which defined a number of enhancements.

This Power over Ethernet, PoE is now being used for a wide variety of applications including powering IP telephones, wireless LAN access points, webcams, Ethernet hubs and switches and many more devices. It is convenient to use and as a result, Power over Ethernet is widely used and many products are available.

PoE Development

With Ethernet now an established standard, one of the limitations of Ethernet related equipment was that it required power and this was not always easily available. As a result some manufacturers started to offer solutions whereby power could be supplied over the Ethernet cables themselves. To prevent a variety of incompatible Power over Ethernet, PoE, solutions appearing on the market, and the resulting confusion, the IEEE began their standardisation process in 1999.

A variety of companies were involved in the development of the IEEE standard. The result was the IEEE802.3af standard that was approved for release on 12 June 2003. Although some products were released before this date and may not fully conform to the standard, most products available today will conform to it, especially if they quote compliance with 802.3af.

A further standard, designated IEEE 802.3at was released in 2009 and this provided for several enhancements to the original IEEE 802.3af specification.

PoE overview

The standard allows for a supply of 48 volts with a maximum current of 400 milliamps to be provided over two of the available four pairs used on Cat 3 or Cat 5 cable. While this sounds very useful with a maximum available power of 19.2 watts, the losses in the system normally reduce this to just under 13 watts.

The standard Cat 5 cable has sets of twisted pair cable, and the IEEE standard allows for either to be used for 10Base-T and 100Base-T systems. The standard allows for two options for Power over Ethernet: one uses the spare twisted pairs, while the second option uses the wires carrying the data. Only one option may be used and not both.

When using the spare twisted pairs for the supply, the pair on pins 4 and 5 connected together and normally used for the positive supply. The pair connected to pins 7 and 8 of the connector are connected for the negative supply. While this is the standard polarity, the specification actually allows for either polarity to be used.

When the pairs used for carrying the data are employed it is it is possible to apply DC power to the centre tap of the isolation transformer that are used to terminate the data wires without disrupting the data transfer. In this mode of operation the pair on pins 3 and 6 and the pair on pins 1 and 2 can be of either polarity.

As the supply reaching the powered device can be of either polarity a full wave rectifier (bridge rectifier) is used to ensure that the device consuming the power receives the correct polarity power.

Within the 802.3af standard two types of device are described:

· Power Sourcing Equipment, PSE     This is the equipment that supplies power to the Ethernet cable.

· Powered Devices, PD     This is equipment that interfaces to the Ethernet cable and is powered by supply on the cable. These equipments may range from switches and hubs to other items including webcams, etc.

Power Sourcing Equipment, PSE

This needs to provide a number of functions apart from simply supplying the power over the Ethernet system. The PSE obviously needs to ensure that no damage is possible to any equipment that may be present on the Ethernet system. The PSE first looks for devices that comply with the IEEE 802.3af specification. This is achieved by applying a small current-limited voltage to the cable. The PSE then checks for the presence of a 25k ohm resistor in the remote device. If this load or resistor is detected, then the 48V is applied to the cable, but it is still current-limited to prevent damage to cables and equipment under fault conditions.

The PSE will continue to supply power until the Powered Device (PD) is removed, or the PD stops drawing its minimum current.

Powered Device, PD

The powered device must be able to operate within the confines of the Power over Ethernet specification. It receives a nominal 48 volts from the cable, and must be able to accept power from either option, i.e. either over the spare or data cables. Additionally the 48 volts supplied is too high for operating the electronics to be powered, and accordingly an isolated DC-DC converter is used to transform the 48V to a lower voltage. This also enables 1500V isolation to be provided for safety reasons.

Power over Ethernet, PoE, defined as IEEE 802.3af or the enhancements under IEEE 802.3at provide a particularly valuable means of remotely supplying and controlling equipment that may be connected to an Ethernet network or system. PoE enables units to be powered in situations where it may not be convenient to run in a new power supply for the unit. While there are limitations to the power that can be supplied, the intention is that only small units are likely to need powering in this way. Larger units can be powered using more conventional means.
