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Optical Diodes, or Non-Reciprocal Devices
A well-known problem with standing wave laser
resonators is the eﬀect of spa al hole burning
where the standing waves cause localized
satura on of the gain and the laser medium in
not used uniformly. This can lead to a loss of
eﬃciency as well as instability. One common
solu on for this is to use a ring laser cavity in
which no resonances can form so the whole of
the laser medium is u lized. However, it is not
desirable for the laser to have two counterpropaga ng waves of equal intensity compe ng
for the laser gain, so a method must be found to
produce a higher loss for light travelling in one
direc on around the ring versus the other. The
diﬀeren al loss generally does not need to be that
high, the nature of the laser gain compe on is
such that only one direc on of propaga on will be
supported.

la-er, a rota on of the polariza on axis in say a
clockwise sense for light passing through, will be
reversed for light travelling in the opposite
direc on leaving retro-reﬂected light polarized the
same as before. In the non-reciprocal TGG element
The problem then is how to create such a
though, the clockwise rota on in one direc on will
direc onal loss. The answer lies in the Faraday
also be clockwise for light passing through in the
eﬀect. Present to some extent in all media, the
other direc on so the polariza on axis is rotated
Faraday eﬀect describes a rota on of the plane of
through twice as much on retro-reﬂec on.
polariza on of light in the presence of a strong
Combining a TGG Faraday element with a passive
coaxial magne c ﬁeld. The eﬀect is generally quite
rota on of equal strength from a quartz rotator or
small and is only signiﬁcant in a handful of
half wave plate allows rota ons to be summed to
materials but especially so in terbium doped
zero in one direc on of propaga on, but doubled
glasses and in par cular in single crystal terbium
in the opposite direc on. A polariza on dependent
gallium garnet (TGG). What is especially important
loss in the cavity (such as in a polarized gain
about the rota on produced by the Faraday eﬀect
medium like Nd:YVO4 will have therefore have a
is that it is non-reciprocal in nature, unlike that
strong suppression eﬀect for light propaga ng in
produced by a quartz rota on plate or a suitably
one direc on only and uni-directional lasing
orientated half wave retarda on plate. In the
will be produced.
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