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transmission fibres, However joints between similar fibres have been
made with ingertion losses as low as 0.25 dB (14) and we may therefore
assume that similar logses can be expected when jointing fibres to

coupling devices,

An attempt to measure the device insertion loss of the two=
fibre directional coupler was made using the apparatus described in
Section 4,2, The insertion loss was estimated by comparing the
combined power from the two output ports of a test coupler with the
output power from a single fibre of a similar length to the coupling
device, the launching arrangements being the same for each case,

In each test the combined power from the two output ports of the
devices was about 300m W (+10%2), and the output power for a similar
length single fibre was also 300 mW, Non=consistent launching conditions
and end preparations (all made by the "score and bend" proceedure)
prevented more definite results being quoted here, In all cases the
light power out of the decoupled port (see Figs, 3 and 6) was
immeasurably small (i.e, less than 0,1 uW). From this we conclude
that the intrinsic loss of the coupler is very low, providing the
fibre loss over a few cm is small, It was not thus possible to
accurately determine the device insertion loss with the simple equip=-
ment available, However the loss could be estimated to be less than
0,5dB,

The coupling efficiency of each test coupler was measured using
the apparatus described in Section 4.2. The coupling efficiency is
defined as (see eqn, 3):~

C = —-E-
P[ﬂ
vhere P = power transferred to unilluminated fibre

© P, = power into illuminated fibre

Here we assume that power launched into the unilluminated fibre
is equal to the summed output power of the two output ports (i.e, that
the device loss is negligable), The coupling efficiency can then be
found simply by launching light power down one fibre of the coupler and
measuring the output power at the two output ports,
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The results found in this way are shown in Table 4 for the
directional couplers made by the "glue method" described in Section 3,1,
and in Table 5 for those made by the "nylon tube method"”, The columm
in each table headed "Theoretical fibre separation™ is included in
order to make a comparison between the theoretical predictions and
the coupling results obtained, The figures shown under this heading
are computed with the aid of Figs. 11 and13. The case for perfect
launching eonditions (intensity distribution as defined by eqn. 1) is
assumed, It can be seen that the theoretical fibre separation (that
geparation which, according to theory, would give the coupling length
and efficiency measured) fits quite well that measured using Figs., 22
and 23 (i.e, 0.5um for the glue coupler, < 0.2 mm for the nylon tube
coupler), The variation, from coupler to coupler, in this apparent
fibre gseparation can be attributed simply to the difficulty in
reproducability of the manufacturing processes as they stand, This
is discussed in Section 5,

A graph representing some of the results shown in Table 4 is
plotted in Fig, 32, Thie curve confirms the general trend predicted
by the theory. The coupling efficiency rises as the coupling length
is increased in a similar way to that predicted by the theory as shown
in Fig. 13 (perfect launch case),

Table 4 shows that there is apparently little difference in the
fibre separation obtained by the different amounts of twist applied
to the fibres in the glue method (see Section 3,1), If any, the slight
twist approach seams to produce the smaller fibre separation,

An attempt was made to determine the coupling efficiency of the
nylon tube devices as a function of the refractive index of the surround
by introdueing liquids of various index into the tube. The liquids
were inserted inte the regionm between the fibres by use of simple
capillary action but due to apparent blogkages in this region, perhaps
due to a small section where the nylon softened too much and filled
the voide between the fibres, the l§quids penetrated only a small
fraction of the coupling lemgth, Because of this it was impossible to
verify in detail the theoretical predictions for the effect of index
difference 4 on coupling efficiency., Nevertheless the correct trends
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5. DISCUSSION

We have suggested the use of unclad optical fibres in the manu~
facture of t . types of optical coupler, the two-fibre directional
coupler and the seven-fibre star coupler for use in optical data buses,

The theoretical predictions suggested that very useful coupling
resulits would be obtained using the principle of coupling between cleose
parallel unclad optical fibres, The laboratory measurements of
Section 4 have confirmed these predictions, and therefore it is
suggeated that there is a future for this type of coupler,

An ares not covered by the scope of this report is that of the
insertion of a device using unclad fibres into a system using clad
fibres, It is suggested that this would be possible, and low losses
could be achieved, The lowest possible losses would be achieved when
inserting the devices into a system of step+index multimode fibres
with the core index identical to the index of the unclad fibres,

It is suggested that the “nylon tube" manufacturing process
described here for the directional coupler in Section 3.1, and for
the star coupler in Section 3,2, uses a principle which could be utiliged
in the industrial manufacture of the devices. The two main limitations
of the process as it stands arei-
a) lack of reproducability
b) non-ideal material (i,e. the nylom)
Using the apparstus described in Section 3,1 there is a lack of con=
sistency from one device to the next, The directional couplers have
coupling efficiencies varying by a factor of six for the s e coupling
length (see Table 5), and not all the star couplers wmanufactured had
the required hexagonal array, It is suggested that the tightening up
of the manufacturing proceedure could remove this problems, Some areas
where this is necessary areiw
i) The temperature of the heater and the time
for which heat is applied,
ii) The position of the tube and fibres in the
heating coil (i.e. should be perfectly central),
iii) The welght attached to the tube (should be identical
for each coupler),
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6. CONCLUSIONS

A theoretical treatment, using coupled mode theory, of the
coupling between unclad optical fibres has been given which suggests
the posaibility of making successful devices using thie principle,
Measurements in the laboratory have confirmed this,

A coupling efficiency of 127 has been measured for a directional
coupler of length 6cm (Table 5), using the nylon tube method of Section
3.1, This coupling eould be increased further by the ingertion of
some index=-matching medium into the region between the fibres, It is
suggested, for example, that further experimental work could produce
a eoupling of 25% in 5em, using a fibre separation of G2 um and 4
(index difference between fibres and surrounding medium) of 0.1, as
predicted by theory (Fig, 12), This is not beyond the reach of simple
experimental technique,

An overall coupled power of 137 has been measured for a star
coupler (Table 8) of coupling length 3em. Again it {8 sugpested that
this figure could be improved as for the case of the directional coupler,

The insertion loss of the directional coupler was feund to be very
law (lesg than 0,5dB)« It is suggested that the insertion loss of the
star coupler is alsc low,

A method of manufacture of a directional coupler and a seven=
fibre star coupler has been suggested here, namely the shrinking of
a tube around the fibres over the desired coupling length, The material
used (nylon) is not recommended for a practical device owing to its
poor optical qualities, but if a better material were found the method
described is expected to produce a successTul device,

1t is suggested that it would be profitable to carry out further
wvork to perfect the manufaeturing method for the couplers and to
obtain even more conclusive results, since the principle of coupling
between unelad fibres clearly has important applications in the field
of optical couplers.,
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