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Optical Requirements

0-180 W CW power

Tforward>96%

Tbackwards>80%

“p” Input polarization

“p” output polarization

>38 dB power isolation

<5% coupling out of TEM00 
mode

<100 μrad thermal 
beamsteering



Verdet Constant of Common Materials



Motivation for Terbium

Substances with paramagnetic ions (such as Terbium) have the largest Verdet constants.  Maximum 
paramagnetism comes from lanthanide and actinide ions with maximum number of singly filled f shells

 



Mateial Properties of TGG

1.2 x 10-4

4.6 x 10-4

deg x gauss-1 x mm^-1

Terbium Gallium Garnet - TGG (Tb3Ga5O12)

Thermal conductivity is 
an order of magnitude 

higher than for 
terbium doped glasses

Verdet constant is 
twice that of terbium 

doped glasses



Typical Faraday Isolator Design

Large permanent magnet surrounds magneto-optic glass 
or crystal.  

Amount of insertion of magneto-optic material in magnet 
can be adjusted to compensate change in birefringence 
asa function of wavelength.  

Quartz rotator restores polarization of forward beam to 
match the input polarization. 

 Polarizers redirect retro-reflected beams

Quartz Rotator

PolarizerPolarizer

Magneto-optic

Permanent Magnet



Thermal Lensing

Parabolic radial temperature profile in optic leads 
to non-uniform thermal expansion producing 
“thermal lens”



Temp dependence of Verdet Constant

Temperature gradient in crystal due to beam profile 
results in a non-uniform polarization rotation

TEM00 mode power distribution and 
thermally induced strain field

parabolic distribution of depolarization



Stress Induced Birefringence

Like high power rod lasers, stress induced 
birefringence causes depolarization

TEM00 mode power distribution and 
thermally induced strain field

Spatial map of polarization conversion 
by  stress induced birefringence



LIGO Faraday Isolator Design

Material with negative thermal lens compensates for 
thermal lensing in the magneto-optic crystal (TGG) 

Quartz rotator (λ/2 plate at 22.5°) is placed between the 
two halves of the TGG crystal, allowing one crystal to 
compensate for the depolarization in the other one.  

 Thin Film Polarizers replace cube polarizers to reduce 
thermal drift of beam steering

Thin Film
Polarizer

TGG

Permanent Magnet

TGG

Quartz 
Rotator

-dn/dt 
material

Thin Film
Polarizer



LIGO Faraday Isolator Design 
LIGO faraday Isolator Design



LIGO Faraday Isolator Picture

LIGO faraday Isolator Design



Faraday Isolator Performance
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Faraday Isolator Performance

Depolarization ratio (γ) measued versus 
input power for traditional configuration 
(a) and LIGO configuration (c)

Faraday isolators at high average power is determined by
the photoelastic effect rather than by the temperature de-
pendence of the Verdet constant. In addition, the depo-
larization ratio in the dual-glass-based isolation methods
demonstrated here is significantly lower than in the tra-
ditional method. The geometry shown in Fig. 1(c) is most
optimal, reducing the depolarization ratio by two orders
of magnitude with respect to the single-isolator method.
These experimental results confirm the possibility of de-
signing a Faraday isolator based on glass magneto-optical

elements with isolation of 30 dB at an average laser
power of hundreds of watts. Such isolators will be useful
in applications such as gravitational-wave inter-
ferometry11–14 that require both high-power lasers and
high isolation ratios.
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the photoelastic effect rather than by the temperature de-
pendence of the Verdet constant. In addition, the depo-
larization ratio in the dual-glass-based isolation methods
demonstrated here is significantly lower than in the tra-
ditional method. The geometry shown in Fig. 1(c) is most
optimal, reducing the depolarization ratio by two orders
of magnitude with respect to the single-isolator method.
These experimental results confirm the possibility of de-
signing a Faraday isolator based on glass magneto-optical

elements with isolation of 30 dB at an average laser
power of hundreds of watts. Such isolators will be useful
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