
Polarization and WaveplatesPolarization and Waveplates

• Polarization states

• Linear polarizers

• Free space Waveplates

• Fiber waveleplatesp

• Optical isolators
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Linearly Polarized LightLinearly Polarized Light

• Axes determined by optical components or by definition• Axes determined by optical components, or by definition 

• Ex and Ez in phase
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Polarization StatesPolarization States
• Ex and Ez equal amplitude 

•Ex and Ez 90° out of phase

• Field rotates about 

propagation axis

• Ex and Ez arbitrary but fixed

amplitude and phase
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Stokes VectorStokes Vector
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M = Mueller Matrix forM = Mueller Matrix for 
polarization component
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Mueller MatricesMueller Matrices
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PolarizersPolarizers

• BirefringentBirefringent

• Polarization- dependent refractive index

• R di t l i ti t• Redirects one polarization component

• Dichroic

• Polarization-dependent absorption

• Absorbs one polarization component
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Birefringent PolarizersBirefringent Polarizers

d l i lEn undergoes total internal 
reflection, Ep does not. Ep

EEn

Glan Taylor Polarizery

2nd prism straightens beam
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Reflection PolarizersReflection Polarizers

Brewster’s angle: R 0
En + Ep

E

Brewster’s angle: Rp = 0

En

Dielectric stack

Ep

Polarizing beamsplitter cube
Ep

En
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Dichroic PolarizersDichroic Polarizers

• Oriented molecules or nanoparticles

Ab ti d d fi ld di ti• Absorption depends on field direction

• Example: polaroid lenses
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Extinction RatioExtinction Ratio
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Various PolarizersVarious Polarizers
Type Spectral

Width
Extinction

Ratio
Minimum 

Field of View,Width
nm

Ratio Field of View, 
deg

Birefringent
P i

2000 105 3
Prism

Dielectric 300-400 102 - 103 No specDielectric 
Stack
Cube

300-400 10 - 10 No spec
~5

Dichroic 30-1000 104-105 ±20
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Polarizer Power Handling LimitsPolarizer Power Handling Limits
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Quarter Wave RetardationQuarter Wave Retardation

• Linear polarization in, oriented 45º to wave plate fast axis

• Differential delay leads to circular polarization out

• Reciprocity: Circular input produces linear output
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Half Wave RetardationHalf Wave Retardation

• Linear polarization in, oriented θ to wave plate fast axis

• Differential delay leads to 2θ rotation relative to input angle

• Reciprocity: Backwards propagation reproduces original beam
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Wavelength SensitivityWavelength Sensitivity

Multiple order waveplates eg. (2m+1)λ/4 :Cheaper, more robust,  p p g ( ) p , ,

but higher wavelength sensitivity, poorer optical quality
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Waveplate Angle SensitivityWaveplate Angle Sensitivity
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Fiber PolarizersFiber Polarizers

• Stress induced birefringenceStress induced birefringence

• 1 loop = quarter wave retardation

• R t t ddl t dj t f t i• Rotate paddle to adjust fast axis

• 1st paddle: makes light linear

• 2d paddle: rotates linear axis

• 3rd paddle: makes light elliptical
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Faraday EffectFaraday Effect
Rotation of polarization axis due to a magnetic field

θ ∫B( )Vdθ = ∫B(x)Vdx

θ = Rotation angle

B = magnetic field component parallel to propagation

V = Verdet constant, radians/Tesla-m

dx = infinitesimal path length through rotator

Nonreciprocal: fixed viewer sees clockwise rotation whetherNo ec p oc ed v ewe sees c oc w se o o w e e

light propagates forward or backward 
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Faraday Isolator OperationFaraday Isolator Operation
Forward direction:

• Input polarizer selects linear component

• Faraday rotator rotates E field 45º

• O t t l i i t d t 45º b• Output polarizer oriented to pass 45º beam

Reverse direction:Reverse direction:

• Output polarizer selects linear component

• Faraday rotator adds additional 45ºy

• Input polarizer blocks backward transmission
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Polarization Independent IsolatorPolarization Independent Isolator

• No power penalty as input polarization drifts

• Forward: Birefringent wedges split then recombine beam

• Reverse: Birefringent wedges split and separate rotated beam
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Isolator PerformanceIsolator Performance
• Faraday rotation is dispersive

• Tune via magnetic field

• Compensate with quartz plate
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CreditsCredits

• www.newport.com/p
• www.cvimellesgriot.com
• www.meadowlarkoptics.com
•http://en wikipedia org/wiki/Polarizer•http://en.wikipedia.org/wiki/Polarizer
•http://en.wikipedia.org/wiki/Optical_isolator
• www.thorlabs.com
•http://www.enzim.hu/~szia/emanim/emanim.htm

• Yariv, A., Optical Electronics, , p
• Hecht and Zajac, Optics
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