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RECTANGULAR MODE TRANSFORMERS IN
TAPERED SINGLE-MODE FIBRES

Indexing terms: Optical fibres, Optoelectronics, Integrated
optics, Optical waveguides

A single-mode fibre, polished on both sides and subsequenily
tapered, yields a low-loss circular-to-rectangular mode trans-
former. This device should permit more efficient intercon-
nection of circular fibres to rectangular integrated-optic and
semiconductor waveguides.

Introduction: The value of the single-mode fibre taper in the
construction of fibre devices is widely recognised. The changes
in fundamental mode size brought about by a taper allow
closer matching to the modes of other waveguides, and
tapered fibre ends have found widespread use for intercon-
necting fibres with optical elements such as diode lasers' and
isolators.?

Previous work on the single-mode fibre taper has been
restricted to variations in the taper width only, with a uni-
formly circular cross-sectional shape throughout the tran-
sition. However, low-loss transitions are possible in which the
cross-sectional shape also changes.® The realisation of such a
transition is reported in this letter. In particular, a circular-to-
rectangular transition was constructed in a tapered single-
mode fibre, in which the fundamental mode was transformed
in shape from circular to rectangular.

Principle of operation: It is well established that light entering
a single-mode fibre taper spreads out from the core and
becomes guided in the fundamental mode of the waveguide
formed by the cladding/air interface.* This waveguide domi-
nates the guidance of the fundamental mode at taper ratios
greater than about 3:1. If the taper is sufficiently gradual,
little loss accompanies this transition.

The cladding waveguide is highly multimode, so the funda-
mental mode is strongly confined by the cladding and closely
follows the shape of the boundary.® If the taper cross-section
is rectangular, then the fundamental mode shape will also be
rectangular. Therefore, such a taper functions as a mode shape
transformer, the circular core mode is transformed into a rec-
tangular cladding mode, and vice versa.

Fundamentally, a rectangular taper should be no more
prone to waveguide transition loss than a conventional circu-
lar taper, for a given taper angle. Similar adiabaticity con-
siderations prevail in both cases.

Construction: A motor-driven polishing wheel® is used to
introduce a rectangular shape into a standard single-mode
fibre (diameter 125um, cutoflf wavelength 1150nm). Two
parallel sides are polished flat, and these constitute the long
sides of the rectangle. The two short sides retain the circular
curve of the original fibre cross-section, but the closer the
polished sides approach the fibre core, the more ‘rectangular’
the cross-section becomes. By polishing each side to the same
depth, the rectangle is produced. The polished region is then
tapered in the conventional manner in a flame, and the
throughput loss of the whole transition is monitored.

Results: Rectangularly polished fibres with symmetric and
parallel-sided cross-sections were routinely produced. As
would be expected, the polishing process did not introduce
any loss prior to tapering. Many rectangular mode trans-
formers were then made by tapering these polished fibres.

The cross-section of an untapered polished fibre is given in
Fig. 14, showing the rectangular shape. The cross-section of a
similarly polished fibre, after being subsequently tapered, is
given in Fig. 1b. In this case, the aspect ratio of the rectangle
was 2-2:1, and the throughput loss of the taper was 0-4dB.
The taper ratio was about 4-5 : 1, which was suflicient to bring
about cladding guidance in unpolished fibre. The cladding
mode behaviour of the rectangular tapers was confirmed by
the application of index matching fluid, leading to a total loss
of power.

To investigate whether the circular-to-rectangular transition
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is in itself a source of loss, a uniformly rectangular fibre (with
a circular core) was also tapered to a similar taper ratio. This
nonstandard fibre had been fabricated from a rectangular
preform, and had an aspect ratio of 2-5 : 1 without needing to
be polished. A taper throughput loss of less than 0-1 dB was
readily obtained.

Fig. 1 Photographs, to same scale, of cleaved cross-sections of two
similar rectangularly polished fibres

Fibre (a) was not tapered, fibre (b) was tapered with taper ratio of
45:1

Discussion: The new mode transformer described above rad-
ically alters the shape of the fundamental mode from its initial
circular shape.

In a previous design of mode transformer,’ a single-mode
fibre with a rectangular core was fabricated from special soft
glasses. The initial rectangular core diffused into a circular
shape in part of the fibre after heat treatment, resulting in a
core cross-section which gradually varied from a rectangle to
a circle along the fibre. However, because the initial rectangu-
lar core waveguide was single-mode, the fundamental mode
was weakly confined by the core and was near-circular to
begin with. The change in the shape of the core therefore had
little effect on the mode shape.

In contrast, the tapered mode transformer reported here is
made from standard off-the-shelf silica fibre, and because of
the highly multimode and strongly confining nature of the
taper waveguide, there is a true circular-to-rectangular mode
transformation. Such transitions should permit more efficient
interconnection of fibres and other optical waveguides.

The typical throughput loss for the tapered rectangularly
polished fibres was (0-4 dB. This is probably due to scattering
from the rough polished surfaces; finer polishing should there-
fore reduce this loss. The circular to rectangular transition in
itself does not introduce any further loss, as was demonstrated
by tapering the rectangular fibre. The loss of one mode trans-
former is in any event half the measured throughput loss of

the tapered fibre, since each tapered fibre is cleaved at its waist
to yield two mode transformers.

The circular-to-rectangular transition discussed here is of
particular interest for waveguide interconnection. However,
other shape transitions are also possible with this polishing
and tapering approach. For instance, a circular-to-semi-
circular mode shape transformer has been fabricated with the
above technique, and may give low-loss joints between fibres
and ion-diffused waveguides, in which the modal fields can be
semicircular in shape.

Conclusion: A simple taper-based circular-to-rectangular
mode transformer in single-mode fibre has been demonstrated.
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