Manufacturers and suppliers of electro-op c components

Faraday Rotators and Isolators
The Faraday or Magneto-Op c Eﬀect

found in terbium doped dense ﬂint glasses and
be8er s ll in crystals of terbium gallium garnet
First described in 1845 by Michael Faraday, the
(TGG). Although expensive, this material has
eponymously named eﬀect occurs in most
signiﬁcant beneﬁts over glasses and other
op cally transparent dielectric materials
substrates, notably excellent transparency, high
(including liquids) when they are subject to strong
op cal quality and very high resistance to laser
magne c ﬁelds. The eﬀect, manifested as an
damage. All of Leysop's Faraday rotators are
induced op cal ac vity, is able to rotate the plane
manufactured from the highest quality crystals of
of polarisa on of an input op cal beam which
TGG because of this.
propagates parallel to the direc on of the
magne c ﬁeld in the material. The strength of the Although the Faraday eﬀect is not itself
chroma c, the verdet constant itself is quite
eﬀect is simply given by the formula: theta=BVl
strongly a func on of wavelength. At 632.8nm,
where theta is the angle of rota on; B is the
the verdet constant for TGG is reported to be magne c ﬁeld in tesla, V is the Verdet constant
134 radT-1m-1. whereas at 1064nm, it has fallen to
for the material and l is the eﬀec ve length of
-40radT-1m-1.This behaviour means that the
material contained within the magne c ﬁeld
devices manufactured with a certain degree of
(although due to the nature of most prac cal
magne c ﬁelds, this can some mes be diﬃcult to rota on at one wavelength, will produce much
ascertain with any certainty). Unlike the electro- less rota on at longer wavelengths. Our rotators
and isolators are all user adjustable by varying the
op c eﬀect, the magneto-op c eﬀect causes a
true rota on of the plane of polarisa on for any degree to which the ac ve TGG rod is inserted
input polarisa on angle. In a simple electro-op c into the magne c ﬁeld produced by an extremely
device, only pure rota ons of 90° are available; all strong permanent magnet. In this way, the device
can be tuned for use with a range of lasers within
other intermediate voltages produce diﬀerent
the design range of the device. Truly broadband
degrees of ellip cal polarisa on states from a
linear input state. A Faraday rotator however will sources (such as ultra-short pulse lasers and the
tunable vibronic lasers) will not see the same
truly rotate the plane of input polarisa on
rota on across the whole wavelength band as a
through any angle (providing you can provide a
result. We do however intend in the near future
strong enough magne c ﬁeld!
to launch a range of devices which oﬀer a well
The verdet constant for most materials
balanced performance simultaneously over the
is extremely small and is wavelength
wavelength range of opera on of the important
dependent. The eﬀect is at its
Ti:sapphire laser. This is achieved by the use of a
strongest in those substances
Faraday rotator with a carefully selected and
containing paramagne c ions such as
matched passive op cal rotator plate.
terbium. The highest Verdet constants are in fact
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Applica ons of Faraday Devices
The most common applica on for a Faraday rotator is when coupled with
input and output polarisers to form an isolator. The rota on is then set at
45°. The key property of a Faraday rotator which dis nguishes it from say a
quartz rota on plate, is that the eﬀect is uni-direc onal. A device which
produces a clockwise rota on of the op cal beam's polarisa on axis through
45° when the beam propagates in one direc on, will not reverse this eﬀect
for a beam passing back in the opposite direc on, will produce an addi onal
rota on of 45° for the reverse beam. This will then be at 90° to the input
polarisa on axis. This is demonstrated in the illustra on below:

In the form of isolator shown, the rejected beams is not used and is simply discarded (in most
applica ons it is not necessary to use a polariser with a side exit face, sca8ering of the rejected beam is
suﬃcient). This would for example be suitable when only rejec on of back-reﬂected radia on is
required. One could however make use of these beams to form an op cal circulator by the addi on of a
few extra components.
The commonest use of Faraday isolators is in preven ng laser oscillators from being damaged by strong
back reﬂec ons from subsequent op cs and especially from certain types of ampliﬁers where a
signiﬁcantly enhanced back reﬂec on may occur. They are also useful in preven ng unwanted feedback
from reducing the stability of line narrowed single frequency sources through mode pulling. Rotators
are also used for example in ring laser systems to introduce a loss mechanism (in conjunc on with some
other intra-cavity polarisa on selec ve element) which is greater for one direc on of propaga on than
for the other. This ensures uni-direc onal response. Usually such devices are not required to work at
such high rota on angles as the 45° found in isolators so may be made much smaller.
So if you think your laser system is suﬀering from the eﬀects of back reﬂec on, give us a call to discuss
what a Faraday isolator can do for your system.
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