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Planar Thin Film Optics and Electro-Optical Systems

Lenses

~100% efficient

Micrometer Thin

Fabricated as 
coatings and films

Fast and inexpensive  
fabrication

Broadband

Free-form/flexible

Prisms Beam shapers

Vortex phase plates Arrays and microarrays Scalable to very large 
sizes

Continuous structure



BEAM Team 

Founded in 1996



Thinnest optics

Lens
38 mm, F = 460 mm @ 442 nm, L = 1.3 mm 



Thinnest optics

“Prism” Lens arrays



Electrically switchable



Switchable planar lenses



Non-mechanical beam steering
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The concept of diffractive waveplates
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lmax = 2Dnd

Dn ~ 0.1-1

(liquid crystals and LC polymers)

Max efficiency (~ 100%)

d d ~ 1 mm

(for visible wavelengths)

Dn: optical birefringence

d: layer thickness

Optics of Diffractive Waveplates

a = qx
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Optics of Diffractive Waveplates
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Vector Vortex Waveplates (VVW)



Vector Vortex Waveplates (VVW)

a = n n = ±1/2, ± 1, ± 3/2… 

n = 1/2 n = 1 n = 3/2

n = 5/2n = 2



Cancelling light on the axis of VVWs

F = 2

a = 

L = l/2Dn



Light propagation through a VVW 

q =1 q =64

𝐼𝑛~
𝜌2

𝑧

𝑛

Intensity on axis

𝜌𝑛 ≈ 𝜆𝑧(1 + 0.54𝑛)

Vortex core size
𝐄𝑜𝑢𝑡 = 𝐄𝑖𝑛𝑒

±2𝑖𝛼(𝑥,𝑦) = 𝐄𝑖𝑛𝑒
±2𝑖𝑛𝜑



 

50 mm 

Material ImprovementsChallenges: reducing defect size



0.86 um

VVW with submicron defect size



Challenges: bandwidth
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Multilayer achromatic half-wave plates



a = qx + Qz

a = qx - Qz

x

z

Internally twisted layers

𝜂 = 4𝜂𝑆 1 − 𝜂𝑆 𝜂𝑆 = 𝐺2
𝑠𝑖𝑛𝑋

𝑋

2

𝐺 =  𝜋Δ𝑛𝐿 𝜆 𝑋 = 𝜙2 + 𝐺2



Architectures of broadband DWs
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Tolerance analysis for hybrid three layer design
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Fabrication cycle
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Coatings on polymer films



Future Tasks



Optimize vortex structure



Architectures for better tolerance 
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Architectures for better tolerance 



High precision characterization techniques

Mueller Matrix Spectro-polarimeter



Fabrication technology improvement

L

L

L < 0.4 L



Fabrication technology improvement



Fabrication technology improvement



Fabrication technology improvement



Fabrication technology improvement



𝐿 =
𝜆

2(𝑛∥ − 𝑛⊥)

Fabrication technology improvement



Fabrication technology improvement

• On-site recording
• On-site curing
• Compatibility between layers
• Recording with no mechanically moving parts



Improving materials, adapting to UV and other 

spectral ranges

Original beam

Diffracted Left-Hand 
Circular polarized

Diffracted Right-Hand 
Circular polarized
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Exploring multifunctionality

Vortices + Lenses + …



Diffractive Waveplate Lens

a ~ r2
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Non-mechanical shutter

Tunable spectral filter

Tunable filters and shutters



DW lens converting a flat into

a concave (convex) Mirror



Non-mechanical line-of-sight switch
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