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About this guide

This document explains how to design, install and commission a new Econet
network. All aspects of installation are covered, including how to test an existing
network. Examples of test procedures and expected readings are given along with
simple examples of the way data is handled by the computer.

Chapters I to 3 give a general overview of Econet installations, and how to plan the
network.

Chapters 4 to 9 give a more detailed breakdown of Econet network components.
These chapters are for information only; you are advised to seek further advice and
professional assistance from your local network support agency.

Chapters 10 to 13 give a general overview of how to install and test an Econet
network, how to get it up and running and how to expand your network. Again, you
are advised to seek professional assistance from your local network support agency
rather than attempt to do this yourself.

Where appropriate, reference is made within this guide to a selection of third party
products and their suppliers.

- Conventions used

Certain conventions are used in this guide:

Typefaces

Courier type is used for the text of example files and commands. Since all
characters are the same width in Courier, this makes it easier for you to tell where
there should be spaces.

Bold Courier type is used in some examples to show input from the user. It is
also used in some examples to highlight items in the computer output.

A}
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Finding out more

Command syntax
Special symbols are used when defining the syntax for commands:

& ltalics indicate an actual value. For example, £ilename means an actual
filename is, or should be, supplied.

# Braces indicates that the item enclosed is optional. For example, [d] shows
that you may omit the letter ‘d’, and { d] means that you may omit the value

d.

Finding out more
For details of how to set up and maintain your computer, refer to the User Guide or
Welcome Guide supplied with your computer. For details on the use of your computer
and of its application suite, refer to the guides supplied with it.

Reader comments

If you have any comments on this guide, please complete the form at the back of
the manual and send it to the address given there.

viii



1 Understanding network design

Designing and installing a network requires quite a lot of expertise and knowledge,
both technical and practical. You are strongly advised to get your local network
support agency to do this work for you, as they have the necessary skills to ensure
that your network runs as quickly, reliably and efficiently as possible.

The rest of this chapter will help you to understand the choices available, to
provide the information that your dealer will need, and hence mutually to reach a
sensible decision on the lavout and future development of your Econet network, It
also tells you what limitations there are, should you decide to have stations or
cabling added to existing installations.

What is a network?

A network is a chain of interconnected computers which are able to load and save
data from a shared storage resource, a file server. A network allows the computers
to communicate with each other, and to share resources, such as printers.

A file server provides a central storage facility for programs and data files for the
network, and runs the software utilities which control the network.

On an Econet network:

e Network stations are connected via socket boxes to a permanently-installed
cable.

& Programs and data pass along the network cable in the form of electrical
signals which are synchronised by the network clock.

e When electrical signals are transmitted along a cable, they can be reflected at
the ends of the cable. These reflections can interfere with the main signal. To
prevent these reflections, terminators must be fitted at each end of the cable.

BBC Model B, Master 128, Master Compact and Archimedes computers which have
been fitted with an Econet interface can happily co-exist on an Econet network.

Note that computers which are attached to a network and sharing network
facilities, have a variety of names; they are commonly called network stations,
workstations, network terminals and client machines.



What you need to set up an Econet network

This document covers Econet, Acorn’s own network system. If you are planning to
expand an existing Econet network, you should consider Acorn’s current
networking strategy, Acorn Universal Network (AUN). AUN supports both Econet
and Ethernet {the network industry standard), and runs more quickly and
efficiently than Econet.

What you need to set up an Econet network
To set up a single segment Econet network, you need
network cable |
network clock
two terminators
a file server
network stations (computers)

connection points for network stations.

Acorn produces Econet Starter Kits. The current Acorn Econet Starter Kit
comprises S] Research components:

o an S) Research Econet clock
two S] Research terminators
two S| Research twin socket boxes

a plastic IDC insertion tool

an installation kit for the S] Research clock comprising:
® two secure terminator boxes

& asplit socket box.

The previous Acorn Econet Starter Kit comprised:
® an Acorn Econet clock

two Acorn terminators

three Acorn twin socket boxes

two Econet drop leads

¢ & & @

a plastic IDC insertion tool.

Both kits allow a total of 6 machines to be connected to the network. The 8]
Research split socket box provides the same functionality as two Acorn twin socket
boxes and two Econet drop leads.

The current Econet socket kit contains five S] Research twin socket boxes providing
connection points for ten machines.



Understanding network design

What you might like to add to make your network more useful

As your network develops you may wish to add other shared facilities such as:
& a printer server
e bridges.

A printer server allows a computer on the network to print text or graphics to paper.
All the computers which are connected to the network can use this facility,

Bridges are used to connect separate networks on the same site, and one or more
are required when a network needs to be extended beyond 500m. The bridge is
transparent to the user and allows programs, data, file servers and printers to be
shated by computers on other networks. Up to 127 Econet networks may be
connected in this way.



What you might like to add to make your network more useful




2 Planning the network

An Econet network comprises one or more network segments, each of which may
be up to 500m in length.

There are a number of ways to implement an Econet network, depending on the
size and layout or topology of the network to be installed. Econet installations can
be classified into two typical types:

¢ A network of up to 500 metres in length (a single segment network)

& An extensive campus network {an extensive network comprising more than
one network segment),

Single segment networks

A single segment network is suitable for networks up to 500 metres in length. Figure
2.1: Typical single segment network configuration shows a single network configuration,
comprising permanent uncut cabling, socket boxes, terminators and a clock box.
Conceptually, all networks should be made from this base installation:

Trunking
{Cable run inside)

250m maximum

Terminator

Econet stations Econet stations
Figure 2.1: Typical single segment network configuration

Up to 254 stations may be connected to a singie segment network.

A terminator box is required at each end of the cable, with a clock box in the
middle to time the transmission of the data across the cable.



Campus netwarks

If a FileStore is connected to a network which already has a clock, its internal clock
and termination facilities are automatically disabled.

The connection between the main Econet network cable and a station is made
using an Econet drop-lead which is limited to a length of 2 metres. This restricts
the design of the network, and is often inconvenient, for example when the network
has to service several floors of a building.

Campus networks

You can build an extensive campus network comprising more than one network
segment using bridges to join network segments together, Up to 127 network
segments may be joined together through bridges.

By using networks with one or more bridges, more useful network layouts may be
constructed.

The tollowing sections lock at three example network layouts requiring bridges: a
linear, a star-type and an E-type design. The examples are represented in
schematic form using the following key:

B station X Terminator P~ Bridge

®  Socket box V Printer Net3  Network segment

O  Clock box File server @ _ Path between stations

Linear networks

A linear network is the usual first stage of network expansion as it is the most cost
effective method of linking two or more networks together.



Planning the network

In certain circumstances a linear network layout can prove inefficient, especially if
higher demand is likely to be placed on the network at certain times of the day
such as at the start of a lesson in a school. Consider Figure 2.2: Two networks linked by
a bridge:

B B B H we H B B 8

Figure 2.2: Two networks linked by a bridge

If you look at the data transfer which takes place on this network you can see that
there are circumstances when the whole network is prevented from functioning at
its optimum speed.

Consider a station on network 1 communicating with the file server on network |-

1 The station searches atl the networks to see if there are any fileservers.

2 The station sees that there is a file server on the network, and obtains
information about it. This information consists of the names of any discs
attached to it, its station number and network number. The computer,
depending upon the type, is then able to access the file server either by the
name of one of its discs, or by its network and station rumber,

The station asks the file server, "Are you there?".
If the file server is not busy, it replies.

The station then begins a dialogue with the file server enabling it to load or
save data.

From the moment the station makes the request to the file server all other
machines are prevented from sending messages to the local network. All other
networks are unaffected because the bridge recognises that the communication
between the machines is local (on the same network segment) and so prevents it
travelling to other segments of the network.



Campus networks

Communication is similar between points A and B in Figure 2.3: Communication path
between two remote stations on a bridged network, as all the machines have the same
chance of communicating with the file server.

L & & & w. 8 & & &

Figure 2.3: Communication path between two remote stations on a bridged network

The bridge allows this communication to take place and mimics what would
happen if the stations were on the same local network:

1 The station on network 2 asks the file server on network 1, “Are you there?".

2 The bridge recognises that the file server the station is asking forison a
different network, which it knows about. The bridge therefore collects the
message “Are you there?” and forwards it on,

While this communication takes place, the bridge sends a stream of flags onto
network 2, to prevent other stations from claiming the line. The process is
called flag fill.

3 [ the file server is not busy, it replies.
The bridge recognises that the station the file server is asking for is on a
different network, which it knows about. The bridge therefore collects the
response from the file server, and forwards it on.

while this communication takes place, the bridge sends a stream of flags onto
network 1, to prevent other stations from claiming the line.

5 When the station has received the reply the bridge ceases to flag fill network 1,
allowing another machine to access the network.

You should note that the dialogue between the two stations and the bridge is
actually more complex as each bridge in the chain slows communication down
slightly.



Planning the network

1f you consider Figure 2 4: A linear muliiple segment network, you can see that, in the
worst case, all but one of the networks are affected by the communication between
station A and the file server B.

Net 3

- - -
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Figure 2.4: A lingar multiple segment network

In Figure 2.4: A linear multiple segment nefwork the chances of stations on networks 4
and 5 being unable to achieve reliable communication with the file server are quite
high. This network is badly structured, and the priority of the networks is wrong.



Campus networks

If you look at the order of priority of communication you can see:

Network 1 Highest pricrity

Network 2 and Network 3 (Both have an equal chance)

Network 4

Network 5 Lowest priority

In certain circumstances this type of network topology would prove unusable, but
it could be dramatically improved by simply providing each network with its own
{ocal file server,

Correct structuring of the data etc would keep the inter-segment traffic to a
minimum and yet still enable full communication when required. This would give
an effective increase in data transfer rates of up to 500%, as alf the networks could
operate simultaneously instead of sequentially.

10



Planning the network

Star-type networks

Another common type of network layout has a centralised main network segment
with several outlying segments. This design is used in schools and colteges where
the main network, printer servers and file servers are in the computer room; other
rooms, possibly in different buildings, have their own network segments attached
to this.

e

Net 3

Net 2 X <"x Net 5

Figure 2.5: A star-type topology

In Figure 2.5: A star-type topoh;gy network segment 3 is the main segment, the others
forming branches out from this through the bridges.

Stations on each network segment may reach stations on any other network
segment; messages pass through up to two bridges.

No message may reach its destination by more than one route.

When connecting network segments using bridges, it is vital that there are no
duplicated routes forming loops between any of the systems. If the number of
bridges is equal to or greater than the number network segments, there is bound to
be a loop, and one or more of the bridges must be removed.

11



Campus networks

E-type networks

The E-type network topology uses the concept of a backbone. In Figure 2.6: An E type
topology the backbone is shown running up the height of the building, with a bridge
on each floor connecting the vertical network to each horizontal floor network. This
topology can also be applied to a flat model, where the backbone connects
networks in different buildings on the same site.

Net 2

Figure 2.6: An E type lopology

In the figure, the terminators of network segments 1 to 5 are connected to the
terminator or socket boxes of network segment 6 by bridges, as shown.

There is no need for all of the networks in the system to have a file server. In
particular the backbone, network 6, does not need a file server as the cable acts
only as a connection between the other networks. This also ensures that the
chances of it being available for data transfer are atways high, and would be
especially true if each of network segments | to 5 had their own file setver.

12



Planning the network

If we consider the path that any station would need to take to communicate with
another station we find that in every case the maximum path is:

Local network — Bridge — Backbone — Bridge — Remote network

When the network is viewed from network | the priorities are:

Network 1

Highest priority

Netwaork 6

Network 2, Network 3, Network 4 and Network & Lowaest priority

This is the optimum configuration for any muitiple network, as it minimises the
number of networks and bridges through which data is passed.

Planning cabling

When planning the Econet cabling:
e always use the correct cable

o do not cut the cable unless yvou have to

e do not use sockets which require making soldered connections directly
between the Econet cable and the DIN socket or PCB

® keep the length of each cable run to a minimum {a long cable means a slower
network, and less scope to extend the network without using multiple

networks and bridges).

Planning cable runs

Consider this situation. Ten stations are to be placed on a worktop along one wall
of a room. The wall is 10m long, and the worktop is at a height of 1m. The floor to
ceiling height is 3m. The floor is made of wood and the ceiling is of a suspended

design. Five socket boxes are needed.

=W =gy = =y = gy =gy =y =y =

A

i0m
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Planning cabling

Here are three routes that the cable could take. The total length of the cable run is
calculated as the length of the wotktop plus the cable rise and fall multiplied by
the number of sockets.

Route 1 Lay the cable in the ceiling and run down to each socket box and back

again.
Approximate total length = 10 + ({2+2) x %) = 30m

“@QQQEEQQQQ

10m

Route 2 Lay the cable in the floor and run up and down for each socket box.
Approximate total length = 10 + (1+1) x 5) = 20m

"8R8 A8A088HH

H M “ ﬂ %I‘”"

—y poy
i} o

10m
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Planning the network

Route 3 Run the cable along the worktop, against the wall.
Total cable length = 10 + (0x 5) = {0m

10m

From these examples, you can see that the route which the cable takes is
important if you want to maximise the performance of the network.

It's also worth noting that the shorter the route, the less you have to spend on
cable and its installation costs!

Not cutting the cable

Networks in which the cable has been cut at each socket box fail to perform at

optimum levels. Each break in the cable is a potential source of problems, .

particularly signal degradation due to reflections from the cut ends interfering with

the main signals. Other problems come to light as more machines are placed on
~ the network or as the cable length is extended.

It's not much fun pulling large amounts of cable holes in the wall, but it is good
practice. To reduce the amount of force required to feed cable through, and to
minimise the likelihood of damage to the cable, you are advised to start at the
middle of the run.

It's harder to remove the outer insulation from the middie of the cable than it is
from the end, but your network will suffer if you cut the cable.

If your installer advocates gratuitously cutting the cable, you are advised to
seek another installer.

15



Planning cabling
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3

Installation considerations

Planning

This chapter deals with the factors which must be taken into account before and
during the installation of a network.

Installers and consultants are advised to consult the appropriate Health and Safety
Regulations during the design phase of the installation. In the UK, documents
such as About working with Display Screen Equipment by Scriptographic Publications
Ltd or those published by the Health and Safety Commission provide good
references.

When installing a network you should, as much as possible, adhere strictly to the
following guidelines:

Keep cable runs as short as possible.

Design cable runs so that the cable does not have to be cut.

Install conduit or trunking for the cable.

Keep Econet cable and mains cabie as far apart as possible.

Ensure the clock is placed as close to the centre of the network as possible.

¢ & & 9 ¢ o

Ensure that there are only two ends to the cable and both of these are
terminated.

Additionally, consideration should also be given to the mains supply for the
computers and network, and to the work area required by each user and computer,

Electricity supply for the network

The quality of the electricity supply which provides the power to the network and
its computers is very important if the network is to be reliable. For further
information on problems that may be caused by the electricity supply, see
Interference on the netwerk on page 57, '

17



Electricity supply for the network

Isolating switches

In some circumstances, for example in a school, it is desirable to have a central
switch, orisolator, which turns the power off to all the equipmentin a room. Where
this facility is available it is advisable to ensure that the following components are
not powered down by the isolating switch:

o all Econet file servers
o all Econet clocks
e all Econet bridges.

If the power to a file server is suddenly switched off before the correct shutdown
procedure has taken place valuable data can be lost. The file server stores data it
needs in its cache so that it can optimise the disc operations and ensure the
fastest response to any requests for data. If the power is suddenly switched off or
interrupted then this data will be lost. This can generate a number of errors, from
the error Broken directory to complete hard disc failure.

Your network may run through a number of rooms or link buildings together. The
machines all rely on the clock to be present in order to be able to use the network.
Switching the clock off prevents users from using the network. This couid be
inconvenient if they are using the network as shown here:

xéééé R B X

S
B 2 & & éééél

R N

T4 & & i o & &
®

Figure 3.1: Communication path between a station and a file server
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Installation considerations

[f each of the networks is 5060m long and a person working at point A is using the
file server at point B then switching the clock off on network 1 or 2 would prevent
them communicating with the fite server. The user would be informed that the file
serveris Not listening, notthat the clock on network | or 2 has been switched
off.

Econet bridges are affected in the same way as clocks.

Work area

When planning an installation you should consider the working environment.
Factors which affect the user and work area are:

e static
e dust
® space.

Static

Man-made fibres are used in floor coverings and clothing, and so most
installations are subject to regular static discharges. Static discharges may
intermittently cause computer programs to crash.

Buildings with air conditioning are more prone to static discharges, and the use of
air ionisers can help reduce the problem.

If you do have a lot of trouble with static, you can also use anti-static spray on the
keyboard (which is the area most likely to be affected), and earthing mats under
the keyboard and computer, and on the floor.

Anti-static flooring is also available,

Static-measuring voltmeters can be used to locate area of serious static build-up.
Some static specialists are also willing to arrange a free visit to your site to analyse
the problem and offer advice.

Dust

It is a good idea to carpet the room(s) on the network to prevent problems with
dust. When specifying floor materials, avoid pure nylon carpets and check with the
manufacturer about the static properties of the products you wish to use.

Space

You should consider the amount of desk area which a computer requires. Badly
positioned equipment can cause the user back, neck and eve problems.

19



Work area

As a general rule the minimum desk area for the largest of the Archimedes range of
computers is 0.75m x 0.775m, as shown in Figure 3.2: Footprint of an Archimedes
machine, monitor and mouse mat. However 0.8m x I m provides better access to the
floppy disc drive, and allows room for a wrist rest in front of the keyboard.

775mm

Figure 3.2: Footprint of an Archimedes machine, monilor and mouse mat

Temperature

You should make sure that file servers, printer servers, bridges and discs are not
subjected to extremes of heat. Discs are especially sensitive to rapid changes in
temperature,

Keep the equipment away from direct sunlight, radiators, heaters and other forms
of heat. You should also consider seasonal variations which may affect the
temperature of the area.

Remember that top shelves are generally hotter than lower shelves, and if
necessary, consider installing a ventilating system.

Security

20

It is important to keep expensive electronic equipment out of harm's way. File
servers, bridges etc should be preferably locked away in a well-ventilated area
where they cannot be interfered with.



4 Cable requirements

This.chapter explains the type of cable you need to use when you install an Econet
network, and how to plan the installation of your cable.

You must use the correct type of cable when installing an Econet network. Resist
the temptation to install a cheaper grade of cable which is superficially similar to
the specified grade, as your network will not work properly. You are advised to seck
professional assistance from your local network supply agency when assessing
your cable requirements.

Econet cable

The quality of the cable you use in your installation is very important. Econet cable
has twisted pairs of wires, each pair having a different twist ratio.

Clock pair -

Earth drain wire

Data pair e

Figure 4.1: Different twist ratios of pairs of wires in Acorn Econet cable

21



Econet cable

Cable which is suitable for use in an Econet installation can be obtained from the
following sources:

Supplier Stock Code Reeal Length
Acom AER17 100m
BICC HB064

Brand Rex CD 84-4-0521

SJ Research CBL 1E03 100m
SJ Research CBL 5E03 500m

Address of suppliers are given in Appendix [: Useful addresses.
Econet requires two clock and two data signals in order to operate:

® The clock signals, Clock + and Clock -, are equal but opposite to each other
(they are 180 degrees out of phase).

e The Data + and Data - signals are also out of phase, but there is a very stight
difference between the value of the voltages when the network is idle which is
determined by the terminators.

The use of twisted pairs ensures that:

e The two wires are kept as close together as possible, thereby ensuring that
crosstalk to other wires is reduced to a minimum.

The voltages picked up in one twist length of each twisted pair are cancelled
out by equal voltages picked up in the other twist length of the same twisted
pair.

Providing that the Clock + and Clock - signals are restricted to one twisted pair in
the cable, the interference can be cancelled out by using a differential comparator
which compares the voltage difference between the two signals. This is one of the
functions of the Econet interface which is fitted to each computer on the network.

Selecting suitable cable

if you cannot obtain cable from these suppliers, you must select cable which meets
the following specification:

o The cable must have:
e characteristic impedance 100 ohms + 10%
¢ mutual capacitance < 66pF/Metre
® propagation speed > 0.5¢ (where ¢ = the speed of light)

22



Cable requirements

Econet leads

e earth conductor diameter between 0.4mm and 0.63mm single stranded
(multi-strand earth is not acceptable as it has no sleeve support)

e individually insulated conductor diameter between 0.4mm and 0.63mm
single stranded, or 7/0.15 to 7/0.2 multi strand.

o The cable must consist of 2 twisted pairs with a separate drain wire, (ground),
which runs in contact with an earth shield. The minimum shield should be a
layer of foil, but cable with a layer of foil and a braided sleeve may be more
suitable if the cable installation is near to equipment with high RF emission
levels, such as TV and radio transmitters, or run near noisy electrical
equipment or wiring.

& Each individual core must consist of a conductor which conforms to the
specified diameter. Conductors of different diameters will not make adequate
connection with the 1DC (Insulation Displacement Connector) socket and may
damage it.

e The cable must have a flame-retardant outer sleeving.

A drop-lead known as an Econet lead is used to connect the computer to the
network.

An Econet lead may be up to 2m long, and typically has a 180 degree 5-pin DIN
plug at each end, although connections for your computer may differ. It is
recommended that you use leads with the plugs moulded onto the end. This helps
prevent intermittent faults and Line jammed errors on the network. The use of
leads connected by 5 pin DIN T-pieces is not recommended on any installation.

There are numerous types of drop leads available. To ensure full earth continuity
from the network to the machine, you should use a lead which comptises four
individually screened wires connected to pins 1,3,4,5 and the individual lapped
screens from those wires connected to pin 2 and the cuter metal screen of the

-plug. Other similar leads should not be used as they may cause unreliable

operation.
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Econet leads
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Trunking requirements

This chapter explains the types of trunking you need to use when you install an
Econet network,

You must use the correct type of trunking when installing an Econet network. You
are advised to seek professional advice on all aspects of mains wiring from a
qualified electrical engineer.

Do you need trunking?

Econet cable is designed for use with data voltages only. This means that the
Econet cable can be installed by a person without electrical qualifications,
provided that it will not come into contact with any mains cabling, wiring or
voltages.

Econet cable itself can constitute a safety hazard if it is run loosely through a work
or access area. The cable should be routed to prevent damage to the cable orinjury
to people (for example, injury may result from tripping over badly-routed cable).

The cable should always, as a minimum, be attached to a solid structure at short
regular intervals by clips. BS 6701 specifies intervals of 200mm on unsupported
runs, 400mm on supported runs and | m on vertical runs. Make sure that there are
no sharp bends in the cable.

If the cable will be readily accessible or has to be routed through a hostile
environment, you need to use conduit or trunking.
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Trunking for the Econet cable only

Trunking for the Econet cable only

Flat plastic trunking with a removable top cover is recommended. This type of
trunking makes life easier when you are removing the cable's outer insulation
because you can take the cable out of the trunking while you do work. Flat plastic
trunking also gives you easter access to components inside socket boxes.

Figure 5.1: Trunking with a removable top cover

The minimum recommended size of trunking is 38mm wide x 25mm high. This
allows a socket box to butt up neatly to the top or bottom edge of the trunking,
providing a flush front surface. Trunking of this size also allows the cable to bend in
a smooth arc into the socket box preventing undue stress on the edges of the 1DC.

This type of trunking must NOT be used to carry mains and Econet cable
together.

Trunking for Econet and mains wiring |

26

This section is based upon current UK practice. Although the general
principles are valid, you must consult your own national and local wiring
regulations. :

Installation of Econet with mains cabling should only be carried out under the
supervision of electrically qualified personnel. '

If your trunking will contain both Econet and mains cables, you need to use
trunking as specified in the BS 7671: Requirements for Electrical Installation ({EE
Witing Regulations) and BS 6701 Installation of Telecommunication Apparatus or
equivalent national standards.
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Trunking requirements

These require that either, the circuits are permanently separated within the open
trunking by a minimum of 50mm or that the trunking provide a segregated channel
for each circuit type. Metallic trunking must be securely earthed as specified by the
standards.

Installing mains sockets

You must ensure that the mains and Econet cables continue to be separated if vou
install a mains or Econet socket within or adjacent to the trunking.

If the socket instatlation requires the cables to cross over, you must install an
extension to the internal barrier. The barrier extension must be large enough to
include a generous safety margin to allow for any anticipated cable movement, and
it must be earthed if it is metallic.

Figure 5.2: Voltage rating of 240VAC cables

The normal single core mains wire covered with a single insulation sheet (1) which
is rated at 300V AC. When covered with another layer of insulation (2} or
incorporated into a two wire plus earth cable (3), it is rated at 500V AC.

The wiring standards require a test voltage of 500V to be used to verify the
installation wiring. The use of single core mains wires adjacent to the Econet cable
will not pass the test. Note that when either the double-insulated wire (2) or the

cable (3) are stripped back to allow the installation of a mains socket, you are
removing protection.

Follow the wiring standards, and make sure that all work is verified by an
electrically-qualified engineer before use.
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External cabling

You are advised to use trunking which is designed to accommodate both mains
and Econet sockets,

if you mount a mains socket within the trunking in its own compartment, you must
again ensure that none of the mains wires are exposed outside of the box to the
Econet cable.

Data channel

Mains channel

Data channel

Figure 5.3: Trunking with 2 secondary channels

External cabling

Safety
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You can use round or flat conduit for sections of the cable which run underground
or outside. Conduit is suitable for this purpose is because it is unlikely that other
cables will need to be passed back through the same conduit. You are advised to fit
transient suppressers to the cable because when Econet cable runs from one
building to another it is prone to interference from electrical discharge or
lightening. For information about this, refer to Interference on the network on page 57.

:

Many buildings have underfloor or roof voids which are designed to allow for the
increasing amount of electrical and telecommunication wiring installed in
buildings. The ease with which cable can be run from one area to another can lead
to a reduction in safety. The requirements for separation of Econet from mains
wiring as outlined in this chapter must be followed.



6 The Econet clock

Why do you need a clock?

Each network segment needs a clock to time the transmission of data across the
cable.

Positioning the clock

Ideally the clock should be placed within 30 metres of the middie of the local
network. This is because when a pulse leaves the clock, it takes time to reach the
network stations, The greatest delay on the network is between one station
connected to a network at the same place as the clock and another at the furthest
distance from that point.

If the cable runs underground cutside a building, the clock should be placed as
close as possible to the point where the cable enters or leaves the building. If the
clock can only be positioned at the end of the network, one side of the clock should
be plugged into the cable and the other side plugged directly into a terminator as
shown in Figure 6.1: Clock position on Econet networks,

Transient Suppressor

——]

Network 3
Network 2

\Transient Suppressor
Building 1 Building 2

Figure 6.1: Clock position on Econet networks

While the network will work perfectly reliably with the clock at one end, the delay is
twice what it would be with the clock in the centre. On a long network this
substantially reduces the maximum data rate.
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Econet clocks

Econet clocks

This section covers Acorn and S Research clocks, as both of these have been
supplied in Acorn Econet Starter Kits, Third parties have also produced clocks for
use with Econet; users of these clocks should refer to the documentation supplied
with their clock.

Acorn clocks
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There have been two basic types of Acorn clocks used on Econet systems, the
Level | Clock and the Level 3 Clock (names based on the name of the Econet file
server used at the time of introduction).

e The Level 1 Clockisin a grey and light grey case with a single 5-pin DIN socket.
e The Level 3 Clock is in a black case and has two S-pin DIN sockets.

FileStore also has the ability to generate a clock signal for the retwork and can be
considered as a Level 3 clock.

The Acorn Level 1 clock

The Level | Clock is a symmetrical clock. This means that the clock signal spends
the same amount of time high as it does low as shown in Figure 6.2: The output
waveform of a symmetrical clock.

[ Period
£

Mark Space L

Figure 6.2: The output waveform of a symmetrical clock

High

Low

Users of the Level 1 clock are advised to upgrade to the Level 3 clock.



The Acorn Level 3 clock

The Econet clock

The Level 3 Clock is an asymmetrical clock. This means that the clock spends
unequal periods of time high and low as shown in Figure 6.3: The output waveform of an

asymmetrical clock.

High

Pariod

:

Mark]

Low

Figure 6.3: The output waveform of an asymmetrical clock

The Level 3 asymmetrical clock gives more reliable data transfer on a network, as it
allows the 68854 IC in the network interface to operate at its optimum level. The
asymmetrical clock can be adjusted to produce a symmetrical output, the Level |
symmetrical clock, however, cannot produce an asymmetrical output.

There are a number of types of asymmetrical clock available, the Acorn external
clock, the FileStore internal clock and the 5] Research clock are the most common,
The difference between the Acorn and S Research clocks lies in the amount of fine

tuning which can be applied to the clock signals.

Setting the clock speed

When dealing with clocks, you should bear in mind that
e the faster the clock, the faster the data transfer

e long networks reguire slower clock speeds

e poor quality cabie requires slow clock speeds.

The clock pulse is made up of two parts; the mark and the space. The mark andthe
space combined make the period, and determine the frequency at which the clock

operates,

The mark and space can be adjusted by changing links in the clock. If the clock
speed and/or the mark space ratio are set incorrectly, communication between the

- computers may fail,

Data transfer takes place on the leading and trailing edges of the clock pulses,
transmission takes place on the clock + falling edge and before the clock + rising
edge, the data is sent down the data + and data - cables so that it coincides with
the appropriate clock pulse. The propagation of these signals is affected by the
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Econet clocks

length and quality of the installation; if the clock speed is not matched to the
installation the data may arrive at the wrong time, preventing successful
communication.

— : —————  Clock +
CLK when sent
LK when sent — ' Clock -
' Clock +
A receives CLK
A sends data on Data +
falling edge : ; :
Data +
B receives data :
B clocks in data on : _— Clock +
rising edge of CLK + —l

To change the clock speed you need to change a number of links or switches inside
the clock unit. Figure 6.4: The Acorn clock link positions shows the position of the links
for the current Acorn clock design.

Ciock links

Figure 6.4: The Acorn clock link positions
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The Econet clock

The Acorn clock default setting is:
Lk1

mark = 1us

space = 4us

period = mark + space = 1us + 4 s = 5us

frequency= 1 = 1 = 200KHz
period 5

Figure 6.5: The Acorn clock default link settings

In the S] Research clock the links are in the form of Dual In Line (DIL) switches as
shown in Figure 6.6: The ST Research clock DIL. switch positions.

DIL switches

Figure 6.6: The 5] Research clock DIL swilch positions
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Econet clocks
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The S} Research clock default setting is:

mark
| oa2s
BREE| 025 mark =1ps
i “period = 1us + 4 us = Sus
frequency = 1 = 1 = 200KHz
period 5

Figure 6.7: The S] Research clock default DIL switch settings

Some early S] Research clocks had the Mark switches incorrectly labelled Space.
The switches have the same function on all S] Research clocks; the switches
directly adjust the mark, and the space is controlled by the mark and period
settings:

space = period - mark

The frequency of an S} Research clock can be calculated using the following
formula:

1 1

= = 200KH
mark+ {period— mark) 1+(5-1)) ‘

Frequency =

You can see that the value assigned to the mark can be changed without altering
the frequency. For exampte, if you were to change the value of the mark, by
extending the time the clock spends high to 1.25us, the frequency would remain
the same:;

1 : 1

mark+ (period - mark) ~ 1355 (5-1.257) _ ~00KHz

Frequency =

It is the ability to change the proportions of the mark and space, without changing
the overall frequency, which differentiates the Acorn and S Research clocks and
allows the S| Research clock to be appropriately fine-tuned to a network. This type
of fine tuning is very important if the network is to operate reliably at a given
frequency. To appreciate this it is necessary to understand how data is transmitted
and received by two stations on the network.



How data is transmitted and received

Data transfer takes place on the leading and trailing edges of the clock puises,
transmission takes place on the clock + falling edge and before the clock + rising
edge, in other words, in the time frame set by the value of the space. The time
taken to transmit data from one station and be received by the another must not
exceed the time set by the value of the space, otherwise the data sent between the
two stations will be lost.

The best clock setting for a particular network is determined by three factors:

e The period must be long enough for the slowest station. This is usually the
main consideration on a short network. The safe value for all current station
types is 5 us, .

o The mark must be long enough to ensure reliable reception of the clock at all
stations. Most networks will work with a mark of s although this depends on
the quality of cable and installation (multipte junctions and branches or poor
quality cable will require a longer mark for reliable operation )

e The space must allow sufficient time for the data to travel along the network
from one station to another. (The default value is usually suitable.)

within these constraints, the period should be as low as possible (to achieve the
fastest data rate). Note that on long networks the period will be governed by the
mark plus the minimum space for the length of network, so reducing the mark witl
usually allow the period to be reduced as well.

The suggested minimum periods for various station types are:

RISC OS-based stations 2.00 us
Econet bridge 3.00 Us
SJ Research file servers 3.00us
FileStore 4.00us
BBC / Master (without 2nd processer) 4.00 us
BBC / Master with 2nd processor 5.00 us

The period must not be more than 13 us, as this may cause intermittent
no clock errors. If the network is too long to fit within this limit, it must be
sub-divided into smaller network segments, connected by bridges.
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Econet clocks

Calculating the minimum mark and space values

From the description of the way data is transmitted on a network you can see that
the mark setting represents wasted time. The mark exists solely so that the network
hardware can recognise a clock signal.

The longer the network, the longer the mark setting must be, because the mark
pulse gets distorted. The most appropriate mark value cannot be calculated
exactly, 5o it has to be determined by trial and error. You can, however, calculate
the theoretical value of the mark and space as a starting point.

Calculating the space value

The space must be long enough to allow sufficient time for the data to travel from
one station to another, This varies according to the distance between the stations,
and the speed at which the signals travel along the cable. The space must allow for
the worst delay between any combination of stations; if the space is too short,
some stations will not be able to communicate reliably (for example, all stations
may be able to communicate with the file server but stations at opposite ends of
the network may not be able to communicate with each other.

You also need to consider the delay between a clock pulse leaving the clock and
arriving at the stations. The greatest difference is between one station connected
to a network at the same place as the clock and another at the furthest distance
from that point.

When calculating the space value, you have to allow time for the