
Faraday isolators are optical components which 

allow light travel in only one direction. Their mode 

of operation is based on the Faraday effect (linear 

magneto-optical effect). In principle, the function of 

an optical isolator is analogue to that of an electrical 

diode. 

Faraday isolators are composed of three elements: 

•  Entrance Polarizer

•  Faraday Rotator

•  Exit Polarizer

and exit polarizers, typically in form of a special 

polarizing beam splitter cube. These polarizers have 

an extremely high extinction ratio and are designed 

for use with high power lasers. The polarizer entrance 

element of the Faraday isolator is the Faraday rotator. 

The rotator consists of a strong permanent magnet 

containing a crystal with a high Verdet constant. 

Light of any polarization entering the entrance 

polarizer exits it as horizontally or vertically linearly 

polarized light. Since laser light is usually linearly 

polarized, one can match the orientation of the 

entrance polarizer and the polarization of the laser 

by simply rotating the isolator. Light then passes 

through the Faraday rotator. For most wavelengths 

the crystal is a Terbium Gallium Garnet (TGG) crystal 

which is placed in a strong homogeneous magnetic 

adjusted so that the light polarization is rotated by 

light is rotated counter clockwise when viewed in the 

the maximum beam intensity is transmitted. 

If light of any polarization, but with a reversed direction 

of propagation, meets the exit polarizer, it leaves 

the Faraday effect results in the direction of rotation 

once again being counter clockwise as viewed in the 

leaving the Faraday rotator, the polarization has 

The maximum isolation of the Faraday isolator is 

limited by inhomogenities of the TGG crystal and 

the extinction ratio by placing two isolators in series 

and by arranging the polarity of the two magnets to 

be opposite to each other. This way the polarization 

direction of the transmitted light remains unchanged 

in the transmission direction and the effect of both 

leads to a more compact isolator. The strength of 

this effect depends on the distance between the 

two magnets and can be used to tune the isolator to 

different wavelengths. The adjustment is necessary 

because the rotational angle of the TGG crystal is 

wavelength and temperature dependent. Please see 

section “Two Stage Isolators” (page 20) for more 

information.
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The properties of the LINOS Faraday isolators are 

determined by the quality of the optical elements and 

exit polarizers exhibit a very high extinction ratio, so 

that the isolation is mainly limited by inhomogenities 

in the crystal material. Specially selected crystal 

materials with a high Verdet constant combined with 

permanent magnets with a high remanence enable 

Qioptiq to use shorter crystals and obtain an isolation  

The radiation blocked by the entrance and exit 

by 90° with respect to the beam direction. This 

ensures a stable thermal operation even at higher 

laser power levels. The blocked radiation can be used 

for other applications. All optical surfaces are slightly 

tilted relative to the beam axis. 

The high transmission, typically > 90%, is achieved  

by using materials with low absorption and anti-

entrance and exit surfaces. 

All optical elements have been aligned to eliminate 

beam shading and allow for easy adjustment. 

Focusing is not necessary. The compact design is 

achieved by using rare earth magnets with the highest 

remanent magnetism and TGG crystal material with 

a high Verdet constant. The isolator is suitable for 

divergent beams or in setups with limited space. A 

minimal optical path length in the isolator results in 

Three sides of the entrance and exit polarizers are 

usable and readily accessible for easy cleaning. The 

degree of isolation can be adjusted over a wide 

range. 

The LINOS Faraday isolators can be mounted directly 

via threaded holes in the housing or via additional 

base plates or angle brackets. New rotatable Faraday 

isolators are available.

laser technology have created a need for optical 

components that shield the laser resonator from 

•  Protection of the resonator in solid state and gas 

•  Prevention of parasitic oscillation in multistage solid 

•  Protection of diode lasers against back scatter and 

extraneous light 

large aperture

high isolation

compact design low insertion 
loss
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The compact LINOS Faraday isolators in this section 

use a single stage rotator. The length is kept to a 

minimum with the use of powerful permanent 

magnets in an optimized geometry. Rotation of the 

exit polarizer provides a maximum extinction over a 

certain range around the central wavelength. The 

entrance and exit polarizers are polarizing beam 

splitter cubes. The blocked radiation is diverted by 

90° and is readily available for other applications. At 

for most standard applications. For specialized 

applications, selected isolators with an extinction up 

to 45 dB are available. An even higher extinction is 

provided by the two stage isolator series.

The Verdet constant of the TGG crystal is dependent 

upon wavelength and temperature. In order to 

compensate for different temperatures or different 

wavelengths, it is possible to tune the isolator in 

order to achieve maximum extinction. Tuning the 

isolator is accomplished by rotating the holder of the 

exit polarizer with respect to an engraved angular 

scale. 

The graph shows the typical reduction factor of the 

transmission ( ) that is due to the tuning of the 

isolator to a wavelength  that is different from the 

design wavelength 0. The bar has a length that covers 

the wavelength range for which 0.95 < T( ) < 1.05.

The bullet indicates the design wavelength 0. The 

overall transmission of a Faraday isolator is equal to 

Tt = T0 x T( ), where T0 is a factor that represents 

the transmission of the polarizers. At the design 

wavelength the overall transmission of the Faraday 

isolator is T0 > 90 %. 

The following single stage LINOS Faraday isolators 

are suitable for all lasers operating in the range 

especially: 

• Ar+ and Kr+ lasers

• Other Ion lasers 

• HeNe lasers

• Other gas lasers

• Dye lasers

• Diode lasers

• Ti:Sapphire lasers

• Cr:LiCAF lasers

• Short pulse lasers

• Mode-synchronized lasers

• Alexandrite lasers 

Tuning of design wavelength 



Subject to technical changes

   A closer look
 
The excellent quality of the high- 
precision LINOS magneto- and electro- 
optics from Qioptiq is a testament to 
decades of experience at both Gsän-
ger and Qioptiq. More than 50-year  
history of these products is marked by 
immense customer satisfaction, and 
has established Qioptiq as a leader in 
laser technology.

Dr. Gsänger, founder of Gsänger Optics in 
Munich, was instrumental in the success of 
electro-optics in laser technology.



Subject to technical changes



Subject to technical changes

  Less is more

These LO versions emit 25-times 
less volatile organic compounds 
than usual, combined with highest  
isolation as well as high damage 
threshold.



Subject to technical changes

  Forget thermal lensing

These Isolators are ideally suited for 
integration in medium to high power 
laser systems (CW laser power P  50W)
in the wavelength range from red to 
NIR. 

designed with a low absorption mag-
neto-optical material that results in sig-

enhanced optical isolation.



Subject to technical changes

  

These Isolators are ideally suited for  
integration in laser systems in cases 
where the output polarization orientati-
on is neither horizontal nor perpendicu-
lar. The new rotatable Faraday Isolator  

series provides easy alignment of the  
Isolator-input polarization according 
to the output polarization of the laser  
system.
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Subject to technical changes

  Customized isolators ...

.. are our passion. We are keen to  
develop customized isolator and 
rotator versions for your application. 



The function of the tunable LINOS Faraday isolators 

in the following section is based on a single stage 

isolator. Precision mechanics allow a continuous 

adjustment of the interaction between the magnetic 

components. 

It is possible to set the rotation angle to any value 

between 0° to 45° within the wavelength range 

in order to study the effects of varying degrees 

of feedback. Easy access to the blocked beam is 

provided by polarizing beam splitter cubes, which 

divert the blocked beam by 90°.

Precision mechanics allow the exact reproduction of 

adjustments previously established. With the addition 

of an optional micrometer display, an angular 

resolution in the arc minute range is achievable. The 

incorporation of very powerful magnets ensures a 

The isolator can be mounted on rods, cylindrical 

mounts or by using the assembly surfaces so that 

the laser polarization can be oriented horizontally or 

vertically. The entry and exit polarizers can be easily 

cleaned by removing the security rings. 

These isolators are suitable for all lasers operating 

wavelength range especially for: 

• Ar+ and Kr+ lasers

• Other Ion lasers 

• HeNe lasers

• Other gas lasers

• Diode lasers

• Nd:YAG lasers

• Ti: Sapphire lasers

• Cr:LiCAF lasers

• Dye lasers

• Alexandrite lasers

• Mode-locked lasers

• Short-pulse lasers

• Tunable lasers



Subject to technical changes



  High quality

Precision engineering parts enable 
smooth continuous wavelength ad-
justment. Without movement of the 
optics a broad wavelength range is 
realized.

Subject to technical changes


