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Preface

It seems as though fibre-optic cables have been about to revo-
lutionise all our lives for many years now! After a few false
starts fibre-optic cables are now being threaded around the
country, and it looks as though they may bring some major
changes in the fields of communications and entertainment
over the coming years. Although it is a subject that conjures up
visions of hi-tech equipment sending giga-bits of information
in a matter of milliseconds, fibre-optics can be used for more
mundane tasks such as simple audio and computer data links.
Furthermore, cables and other components for home construct-
ed equipment of this type are readily available.

This book provides a number of practical circuits for fibre-
optic audio links, data links, and a few other gadgets that make
use of fibre-optic cables. The components used are all avail-
able to amateur users at reasonable prices, as is the optical
cable itself. Chapter 1 provides details of adapting ordinary
LEDs and photocells for use with fibre-optic cables. Therefore,
if preferred, most of the projects can be constructed without
using any special fibre-optic devices. Although this book is not
aimed at complete beginners to electronic project construction,
several of the circuits are quite simple and should not be
beyond the capabilities of someone who has some experience
at electronic project construction. These include the simple
a.m. audio links, the simple d.c. link, the d.c. data link, the
MIDI link, and the d.c. loop alarm.

R. A. Perfold
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Chapter 1
FIBRE-OPTIC BASICS

Fibre-optic cables have been freely available to amateur users
for many years now, but surprisingly little practical information
about using them in home constructed equipment has so far
been published. Fibre-optic cables are capable of transmitting
data at a vast rate, but sending giga-bits per second is some-
thing that is presumably of littleinterest to amateur users.
Being able to send dozens of television signals down a single
cable is fine provided you actually have all those signals to
send! Presumably most amateur users are interested in sending
d.c., audio, and digital signals along fibre-optic cables. Audio
and d.c. signals do not require vast bandwidths, even if they are
sent in a digitised or semi digitised form. Digital signals could
involve greater bandwidths, but here we will only be concerned
with signals at ordinary RS232C baud rates that can be handled
using inexpensive and readily available components. The
serial approach is the only low cost method of sending digital
data down a single fibre-optic cable.

Advantages

It would seem reasonable to question the use of fibre-optic
cables except where their potential bandwidth of many mega-
hertz is really needed. For most electronic hobbyists it is
probably their novelty value that is the main attraction. For
someone who is suffering from “seen it all before” syndrome,
optical cables offer an interesting new field for experimenta-
tion. They are presumably no less interesting for those who are
relatively new to the hobby, but like to experlment with the
more unusual types of project.

Even ignoring its novelty value, there are some potential
advantages in using an optical cable. Perhaps the main one is
that fibre-optic cables do not radiate any electrical interference.
This can be a major problem with ordinary wire cables, espe-
cially when dealing with something like a high speed serial data
link. Although the fundamental signal may be at only about
10kHz, the fast switching speed ensures that there are
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strong harmonics at frequencies many times higher than this. In
fact strong harmonics are likely to be present at frequencies of
a few megahertz. In order to prevent strong radio frequency
interference (r.f.i.) being transmitted from the cable it is nor-
mally necessary to use a high quality screened cable. Such a
cable is often rather bulky, quite expensive, and may not give
complete freedom from this problem. A fibre-optic cable is
small, and produces no radio frequency emissions at all due to
the fact it is not carrying an electrical signal.

Another problem with conventional cables is that they tend
to pick-up radio frequency interference, mains “hum”, and all
manner of electrical noise. This problem is at its worst with
low level audio signals and long cables. However, it can still
be quite severe with audio signals at relatively high levels and
a connecting cable just a few metres long. Again, a high qual-
ity screened cable helps to minimise the problem, but might not
completely eliminate it. I suppose that a fibre-optic cable is not
guaranteed to be totally free from interference, and light from
the outside world could find its way into the cable. In practice
the outer sleeving of optical cables is sufficiently opaque to
ensure that there is no problem at all with stray pickup.

Conventional screened twin leads can suffer from problems
with cross-talk. In other words, an inductive or capacitive
coupling can result in the signal in one lead being coupled into
the other lead. This problem is mainly associated with audio
cables, but it can also occur with multi-way digital cables. In
fact severe corruption of the data can sometimes occur with
parallel data links, even if quite short cables are used. In theo-
ry it is possible for cross-talk to occur with a twin optical cable,
but in reality there is no problem of this type. Even with a very
long twin cable there is no significant light coupling from one
fibre to the other. Blocking light is much easier than blocking
an ordinary electromagnetic signal.

There are other possible advantages in the use of optical
cables. They are generally accepted as being more secure, since
it is very difficult to “tap” into this type of cable. The lack of
any radiated signal from the cable also helps in this respect.
Fibre-optic cables also represent less of a fire hazard. Because
they do not carry electric currents, there is no risk of overloads
and cables burning out, or sparking that could ignite fumes.
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Drawbacks

Although optical cables undoubtedly have advantages, they
are not without a few drawbacks as well. At one time they were
very costly, and even today this type of cable is far from cheap.
Unless you can obtain some suitable cable at low cost from an
electronic surplus dealer you will probably have to pay some-
thing like one pound per metre for standard 2.2/1 fibre-optic
cable. As you are unlikely to be using this cable in large quan-
tities this is not necessarily a major drawback. Also, it has to
be borne in mind that an optical cable is normally being used in
place of a high quality screened cable. Good quality screened
leads are not particularly cheap either, and in some cases are
comparable to the cost of an optical cable. Nevertheless, fibre-
optics do not usually represent a cheap solution to a problem.

The type of cable you are most likely to use has an inner
filament that is one millimetre in diameter, but with the opaque
sleeving the overall diameter is 2.2 millimetres (or 2.25
millimetres in some cases). This is quite thin compared to most
screened leads, and one might reasonably expect fibre-optic
cables to be very flexible. In fact they are usually semi-rigid,
and are not easily taken through tight bends. Forming corners
with this type of cable is not a practical proposition anyway.
Optical cables have a minimum bend radius that is typically
about 15 to 50 millimetres, and taking them through a tighter
bend is almost certain to damage the inner filament. There is
no easy way of cutting out the damaged section of a cable and
joining it back together again, so a damaged cable will usually
be more or less a write-off.

When using ordinary electric cables the losses through the
cable are usually so low that they are of no practical signifi-
cance. It is only when very long cables are used that the atten-
uation through the cable becomes a significant factor. High
losses through optical cables have been something of a problem
in the past, and it is something that remains a significant
problem, particularly with low cost cables. For an ordinary
fibre-optic cable the loss is typically a little over 1dB per metre,
or a loss of about 20% or so per metre in other words. Some
modern and reasonably inexpensive cables offer very low
losses of about 0.2dB per metre, but only over a very narrow
range of wavelengths. The RS/Electromail cable, for example,
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has a quoted attenuation of 200dB per kilometre at 660
nanometres (the red-orange part of the spectrum), but some
1500dB per kilometre at 820 nanometres (in the “near” infra-
red part of the spectrum).

I have mostly experimented with optical cables about 10 to
20 metres long, which provide about 12 to 24dB of attenuation.
This means that the intensity of the light fed into the cable has
to be about four to sixteen times higher than the required light
output level from the cable. Despite these relatively high loss-
es, I have never experienced any real difficulty in getting fibre-
optic systems to operate over a range of 20 metres. However,
obtaining an operating range of much more than this would
probably be quite difficult unless low loss cable is used. Of
course, a range of up to about 20 metres is adequate for many
practical applications. The communications systems featured
in this book will work at ranges of up to about 20 metres with
a loss of about 30dB or less through the cable. Using a cable
and photocells that provide low losses should permit operation
over a distance of more than 100 metres, but I have not tried
any of the systems over a range as long as this, and can not
guarantee that they will work over such long distances.

I suppose that the most major drawback of fibre-optic cables
is simply that they are not directly compatible with normal
electrical signals. You can not simply plug one end of an opti-
cal cable into the audio output socket of an f.m. tuner, and plug
the other end into the audio input of a hi-fi amplifier. There are
actually a few pieces of electronic equipment that have built-in
optical interfacing, and which can be used with optical cables.
Apart from these few exceptions though, using a fibre-optic
cable requires some additional circuitry at both ends of the
cable. Unfortunately, this extra circuitry normally has to be
something more than a photocell at each end of the cable. The
additional circuits are not necessarily very complex, but there
is always some additional expense, and this over and above any
extra cost for the optical cable.

On Reflection

Many people seem to be under the impression that a fibre-optic
cable is just a thin filament of glass within an opaque sleeving.
In reality things are not quite this simple. These days the
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Fig.1.1  Cross section through an optical fibre
showing high order propagation

filament is more likely to be polymer (plastic) than glass, and
the cable will have the basic make-up outlined in Figure 1.1.
The filament has a ‘central ccre which has a high
refractive index, and an outer layer which has a lower refrac-
tive index. Reflection where the inner core and the outer layer
meet enables a light ray to travel down the cable by effectively
bouncing from wall to wall. It is this bouncing process that
enables the cable to act as a light guide, since the reflections
will still occur if the cable is taken through a series of curves.
However, it should be noted that taking a cable through a long
and intricate series of bends may reduce the efficiency with
which light is transmitted by the cable. There is a popular joke
in electronic circles about the lady who tied a knot in the mains
cable of an electric iron to hinder the flow of power to the heat-
ing element, and make the iron run cooler. This type of thing
does not work with electric cables, but tying a few knots in a
fibre-optic cable would presumably increase its attenuation
figure quite significantly!

The angle at which the light is reflected along the cable is
dependent on the characteristics of the cable, and the angle at
which the light rays enter the cable. The light in Figure 1.1 is
propagated along the cable in what is termed “high order
mode”. Light entering the cable at a lower angle would be
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reflected off the wall of the cable at a more shallow angle, and
would be propagated in “low order mode”. This is not just of
academic importance in some applications of fibre-optic
cables. The important point here is that light travelling down
the cable in high order mode has to travel further than light
which travels in low order mode. Also, high order mode
involves more reflections for propagation over a given dis-
tance. If a very short pulse of light is sent down a very long
optical cable, and both propagation modes are used, the result
will be severe “smearing” of the pulse. In an extreme case
there could be the main signal due to low order mode propaga-
tion, followed by a weaker “‘echo” pulse provided by high order
mode propagation.

This dual propagation places a definite limit on the maxi-
mum frequency that a given length of cable can accommodate
properly. Fortunately, the upper frequency limit for a cable
some 20 metres or so in length is far too high for it to be a
practical consideration with the circuits provided here. It is a
problem that only bothers those at the “leading edge” of fibre-
optic technology. So-called “single mode” cables which only
support one or other of the propagation modes are produced,
but they have no advantage when used with the projects
described in this book. Any fibre-optic cable of reasonable
quality should be perfectly suitable.

There is an alternative form of optical cable which is called
a “graded index” cable. A normal optical cable is a “stepped
index” type incidentally. The two types of cable are very sim-
ilar in construction and the way they operate, but the graded
index type has a gradual transition from high reflective index
central core to a lower index outer layer. This results in the
light still travelling down the cable in much the same way as for
a stepped index cable, but with the light taking a curved route,
as in Figure 1.2. Stepped index and graduated index cables are
both suitable for the projects featured in this book.

The standard size for optical cables is an overall diameter of
2.2 millimetres (or 2.25 millimetres) and a filament diameter of
1 millimetre. A cable of this type is easy to use with the
special fibre-optic LEDs and phototransistors that are available
to amateur users. You may find other sizes of optical cable list-
ed in one or two component catalogues, and various types seem
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Fig.1.2  Propagation through a graded index cable

to be offered by electronic surplus dealers from time to time.
These alternative cables include types which have a very fine
filament, and multi-core cables. It might be possible to use
other types and sizes of optical cable with the circuits featured
in this book, but the only way to find out is to try it and see.

Probably in most cases it would be possible, but a little inge-
nuity might be needed in order to connect the cable to the
photocells successfully. However, 1 would advise against the
use of cables having very fine filaments. I have found it virtu-
ally impossible to obtain good results using this type of cable
with ordinary fibre-optic photocells. The problem seems to be
that the very fine filament provides a light output at a high
enough intensity, but over too small an area. This gives too
little light to drive the relatively large area of a normal photo-
transistor or photodiode. There is also a slight problem with
multi-cored cables, which can be relatively expensive even
when purchased from a surplus dealer.

Photocells

When choosing the photocells for use with fibre-optic cables
there are three basic choices. The obvious one is to use the
special fibre-optic LEDs and phototransistors that are available.
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These readily connect to standard 2.2/1 millimetre fibre-optic
cables, and are guaranteed to work efficiently with them.
Currently there only seems to be two inexpensive sets of fibre-
optic photocells available. The cheapest devices are the
SFH350 phototransistor and SFH750 red LED. These have an
encapsulation which is very similar to that of a 5 millimetre
LED, but it is somewhat elongated, and has a 2.2 millimetre
diameter aperture into which the end of the cable is pushed.

These two components are very easy to use, and seem to
provide excellent efficiency. One slight problem is that there is
no built-in cable clamping, and the cable therefore tends to pull
out of the photocells given the slightest opportunity. If this is
likely to be a problem it is necessary to improvise a simple
cable clamp at each end of the system. Be careful not to clamp
the cable too tightly though, as this could easily result in dam-
age to the filament, which would almost certainly prevent the
system from working properly. Connection details for the
SFH350 and SFH750 are provided in Figure 1.3.

SFH350
Base

:EH _

Collector

Tl

Emitter

SFH750
1 Anode (a)

@ - .

— Cathode (k)

Fig.1.3  Leadout details for the SFH350 and SFH750




The alternative photocells are the MFOE71 and MFOET76
LEDs, and the MFOD71 photodiode. The difference between
the two LEDs is that the MFOET71 is an infra-red type whereas
the MFOE76 is a visible red LED. Most fibre-optic cables
work well with visible light and the so-called “near” infra-red
wavelengths (which is the part of the infra-red spectrum in
which infra-red LEDs operate). The MFOD71 detector also
works well over this range. Results should therefore be much
the same regardless of which LED is used. The excepticn is
when using a cable that has a response which peaks strongly at
light wavelength of around 660 nanometres. With this type of
cable it would obviously be better to use the MFOE76 which
has maximum output at 660 nanometres. Incidentally, the
SFH750 will also work very efficiently with this type of cable.

The MFO*** photocells are somewhat more expensive than
the SFH350/750, but they are mechanically somewhat more
complex. They are designed for printed circuit mounting, and
have provision for an 8BA fixing bolt so that they can be firm-
ly fixed to the board. They also have a sort of built-in screw
terminal that enables the fibre-optic cable to be securely held in

MFOE 71
MFOD71 MFOE76
k a a k

Fig.1.4  Connection details for the MFO™** series of
photocells (front views)




place. This is a definite improvement on the simple push-fit of
the SFH350 and SFH750, but it requires a few millimetres of
the outer sleeving to be removed from each end of the cable. It
can be a bit tricky to do this without doing serious damage to
the cable. Figure 1.4 provides connection details for the
MFO*** series of devices. These show the devices viewed
from the front (i.e. looking at the aperture into which the cable
fits).

Fibre-Optic Connectors

The main alternative to using special fibre-optic photocells
is to use ordinary LEDs, phototransistors, and photodiodes, but
in conjunction with the fibre-optic connectors that are avail-
able. These connectors are the fibre-optic equivalents of
ordinary electrical plugs and sockets. Quite a wide range of
fibre-optic connectors are manufactured, but most of these are
relatively expensive and a bit “over the top” for our require-
ments. The RS/Electromail “dnp” (dry non-polish) connectors
are probably the best choice for the home constructor. These
are very easy to use, inexpensive, and are perfectly adequate for
use in simple fibre-optic systems. Figure 1.5 shows the basic
way in which these connectors are used.

In order to use the plug it is first necessary to strip about 25
to 30 millimetres of the outer sleeving from the end of the
cable. The cable is then fully pushed home into the rear of the
plug. The barbed rear part of the plug holds the cable securely
in place. A small amount of excess filament will protrude from
the front end of the plug, and this must be trimmed off flush
with the end of the plug. Cutting fibre-optic cables is dealt with
later in this chapter.

The socket has arms which retain the plug once the two
connectors have been pushed together. There is provision for
mounting the socket horizontally or vertically, but it would
normally be mounted horizontally on the circuit board. SBA or
M2.5 mounting bolts are required. The photocell fits into an
aperture at the rear of the socket. Although this connector
system is only designed for use with Honeywell devices of the
“sweet spot” variety, it will work reasonably well using many
other types. The “sweet spot” components have built-in lenses
which make them very efficient when used with fibre-optic
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Fig.1.5 Basic details of the RS fibre-optic connectors




cables, but they seem to be relatively expensive. However,
they should provide excellent results if you are prepared to pay
the extra cost.

The alternative is to use ordinary LEDs and phototransistors
or photodiodes. The “sweet spot” devices have a diameter of
5.6 millimetres, so the aperture in the socket is wide enough to
accept 5 millimetre diameter LEDs, plus the phototransistors
and photodiodes which have 5 millimetre LED-like encapsula-
tions. Several devices of this type are sold by RS/Electromail.
The sockets will also accept phototransistors which have a
metal TO18 style case, such as the BPX25, BPY62, etc.

I found that results with devices such as these were quite
good, but I would only recommend the use of ultra-bright
LEDs. Ordinary LEDs have relatively low light output levels,
plus a front section which spreads the light over a wide angle.
Much better results are obtained using ultra-bright LEDs which
have much higher light output levels, and built-in lenses that
concentrate most of the light into a relatively narrow beam. I
found that the best results were obtained using a type which has
a light output level of 1 or 2cd (1000 to 2000mcd) at a forward
current of 20 milliamps. A device of this type plus this con-
nector system works at least as well as an SFH750 or an
MFOE76.

Improvising

The third option is to improvise using ordinary photocells and
LEDs. One way of doing this is to use ordinary LEDs and
photocells in much the same way as when using the fibre-optic
connectors described previously, but to make your own con-
nectors. This is no doubt possible, but the “real” fibre-optic
connectors are so inexpensive that it hardly seems worth the
effort involved.

A more worthwhile approach is to try converting ordinary
photocells into fibre-optic types, similar to the SFH350 and
SFH750. 1 found that it was not difficult to modify an ultra-
bright LED to accommodate a 2.2 millimetre diameter fibre-
optic cable. Figure 1.6 shows “before” and “after” views of the
LED. It is basically just a matter of first filing the front of the
LED flat. It is not necessary to remove all of the lens. In fact
it is important to remove no more of the lens than is really
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Fig.1.6  Converting an ordinary LED into a fibre-
optic type

necessary. You simply need to produce a flat surface so that a
hole having a diameter of 2.2 millimetres can be drilled
into the front of the component. I found that the best way of
making the hole was to grip the cell horizontally in the grooved
jaws of a “Workmate”, and to then carefully drill the hole using
a small hand-drill. The hole must be drilled fairly deeply so
that the end of the cable is brought close to the “business” part
of the component, but care must be taken not to drill so deeply
that the internal structure of the component is damaged.

I found that improvised fibre-optic components worked sur-
prisingly well. In fact an ultra-bright LED modified in this way
coupled much more light into the cable than most “‘proper”
fibre-optic LEDs. In fact high output types having outputs of
about 100 to 250mcd seem to be perfectly adequate, but
ordinary “bog standard” LEDs are unlikely to give good
results. Reasonable results are obtained using a modified pho-
totransistor of the type which has a 5 millimetre LED type
encapsulation.

It is probably only worthwhile trying this method if you
experience difficulty in obtaining “real” fibre-optic LEDs and
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photocells, or if you have some suitable devices in the “spares
box” which you would like to try out. Otherwise, the SFH350
and SFH750 represent a safer option which is not likely to cost
any more than improvising suitable components. If you do
decide to modify standard devices for use with fibre-optic
cables, you do so entirely at your own risk. Neither the author
or the publishers of this book will accept any responsibility for
any components that are damaged in unsuccessful attempts at
modification. However, provided you proceed carefully there
should be little risk of damaging the components.

Cable Preparation

As supplied, most fibre-optic cables have rather roughly cut
ends. Cables with rough ends will not work properly until both
ends of the cable have been properly prepared. There are all
sorts of cable cutting devices and polishes available, but for
simple fibre-optic systems there is no need to g0 to great
lengths when preparing the cables. All you really need is a
sharp modelling knife and a cutting board. The latter can
simply be a thick piece of card or even just an old newspaper.
All you have to do is cut cleanly through the cable in one go
using plenty of pressure. Make the cut a few millimetres from
the end of the cable so that there is minimal wastage, and be
sure that the cut is reasonably perpendicular to the cable. The
end of the filament should have a smooth shiny surface, and the
cable should work efficiently without the need for any polish-
ing. Obviously both ends of the cable must be prepared in this
way, and due care should be taken to avoid cutting yourself or
the worktop.

Some fibre-optic devices and connector systems require a
small piece of sleeving to be removed from each end of the
cable. Special strippers are available, but are rather expensive
if they will only receive occasional use. Some ordinary wire
strippers work well with many fibre-optic cables. It is therefore
worth trying your wire strippers to see how well (or otherwise)
they perform with the particular optical cable you are using. If
they damage the filament there is no major harm done, since
you can cut off the damaged end of the cable and try again
using another method. No more than a few millimetres of cable
will have been wasted.
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Probably the best approach if your wire strippers will not do
the job is to use a sharp modelling knife. Make a lengthwise
cut in the sleeving at the end of the cable. Try to cut reason-
ably deeply, but if possible avoid cutting into the polymer fila-
ment. It should then be possible to peel back the sleeving over
the full length of the cut. The peeled-back section of sleeving
is easily cut away using the modelling knife or a small but
sharp pair of scissors. If might take one or two attempts to get
it just right, but even if there should be a slight score mark in
the exposed filament, it is unlikely that this will greatly reduce
the efficiency of the cable. On the other hand, a deep cut into
the filament will almost certainly prevent the cable from giving
satisfactory results.

The MFOE71, MFOE76, and MFOD71, plus 1/2.2 fibre-optic
cable are available from:
Maplin Electronics Ltd.,
P.O. Box 3,
Rayleigh,
Essex,
SS6 2BR.
(Tel. 01702 552911)

The SFH350 and SFH750 are available from:
Electrovalue Ltd.,
Unit 3,
Central Trading Estate,
Staines,
TW18 4UX.
(Tel. 01784 442253)

The fibre-optic connectors, “sweet spot” photocells, and 1/2.2
fibre-optic cable are available from:
Electromail,
P.O. Box 33,
Corby,
Northants.,
NN17 9EL,
(Tel. 01536 204555)
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Chapter 2
ANALOGUE LINKS

On the face of it, there is little difficulty in using a fibre-optic
link to carry analogue signals. It is just a matter of using the
input signal at the transmitter to vary the brightness of the LED,
and a photocell plus load resistor at the receiver to convert the
changing light level back to a varying voltage. In reality such
a system will work, but not particularly well. There is a minor
problem in that the output voltage from the receiver is likely to
be far lower than the input voltage swing to the transmitter.
This attenuation occurs due to various losses in the system, but
is easily balanced by some amplification at the receiver. The
main problem is a lack of linearity. This is in turn due to a lack
of good linearity in the LED and the photocell.

AM. Link

There is no easy way of counteracting the inherent non-
linearity of the system, and it is something that just has to be
tolerated if a basic a.m. (amplitude modulation) system is used.
The quality obtained is fine for something as basic as a voice
link, and is usually just about acceptable for a mid-fi music
link, but a simple a.m. link is unsuitable for anything beyond
undemanding applications such as these.

The circuit diagram for a simple a.m. fibre-optic link is
shown in Figure 2.1 (transmitter) and Figure 2.2 (receiver).
The transmitter circuit is very simple, and it is basically j