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Optics Practice

Control of
– Intensity
– Operating frequency band
– Polarization state
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Optics Practice

Long History
– Intensity
– Operating frequency band

Short History
– Polarization state
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Optics Practice

Polarization
– Discovered in 1809

Etienne-Louis Malus 
     1775 - 1812
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Optics Practice
Polarization
– Discovered in 1809

– “Do not disturb” designs

Etienne-Louis Malus 
    1775 - 1812
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Polarization Engineering

– Anisotropic materials
– Uniaxial and biaxial crystals
– Piezoelectric materials

– Bianisotropic materials
– Chiral materials
– Magnetoelectric materials
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Polarization Engineering

– Anisotropic materials
– Bianisotropic materials

SPIE Press (2003)
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Polarization Engineering

– Sculptured Thin Films

SPIE Press (2005)
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Students & Collaborators

• Joseph Sherwin, Sean Pursel, Benjamin
Ross, Fei Wang (Penn State)

• Mark Horn, Jian Xu (Penn State)
• Ian Hodgkinson (Otago)
• Martin McCall (Imperial)
• John Polo (Edinboro)
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Outline

• Introduction
• Optical Modeling
• Examples of Polarization Engineering
• More Examples
• What’s next?
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INTRODUCTION
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Sculptured Thin Films

Assemblies of Parallel Curved Nanowires/Submicronwires

Controllable  Nanowire Shape

2-D - nematic
3-D - helicoidal

combination morphologies
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Sculptured Thin Films

Assemblies of Parallel Curved Nanowires/Submicronwires

Controllable  Nanowire Shape

2-D - nematic
3-D - helicoidal

combination morphologies
vertical sectioning
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Sculptured Thin Films
Assemblies of Parallel Curved Nanowires/Submicronwires

Controllable  Nanowire Shape

2-D - nematic
3-D - helicoidal

combination morphologies
vertical sectioning

Nanoengineered Materials (1-3 nm clusters)

Controllable Porosity (10-90 %)
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Sculptured Thin Films
Antecedents:

(i) Young and Kowal - 1959

(ii) Niuewenhuizen & Haanstra - 1966

(iii) Motohiro & Taga - 1989

Conceptualized by Lakhtakia & Messier (1992-1995)

Optical applications (1992- )

Biological applications (2003- )
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Sculptured Thin Films
Collaborators:

(i) Weiglhofer, University of Glasgow

(ii) Robbie & Brett, University of Alberta

(iii) McCall, Imperial College London

(iv) Hodgkinson, University of Otago

(v) Polo, Edinboro University

(vi) Reyes, UNAM, Mexico

(vii) Penn State Colleagues & Students
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Physical Vapor Deposition
         (Columnar Thin Films)
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Physical Vapor Deposition
         (Sculptured Thin Films)

Rotate about
y axis for
nematic
morphology

Rotate about
z axis for
helicoidal
morphology

Mix and match
rotations for
complex
morphologies
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Physical Vapor Deposition
(Serial Bideposition)

ξ (axis 2)

χv (axis 1)

SnO2

Adapted for STFs by Hodgkinson
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Sculptured Thin Films
Optical Devices: Polarization Filters

Bragg Filters
Ultranarrowband Filters
Fluid Concentration Sensors
Bacterial Sensors (Penn State)
Light Sources (Penn State)

Biomedical Applications: Tissue Scaffolds (Penn State)
Stents (Penn State)
Bone Repair (Penn State)

Other Applications: Photocatalysis (Toyota)
Thermal Barriers (Alberta)
Energy Harvesting (Penn State, 

Toledo)
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OPTICAL MODELING
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Optical Modeling of STFs

Linear
Bianisotropic 
Materials

SPIE Press (2003)
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Optical Modeling of STFs

Linear
Bianisotropic 
Materials

SPIE Press (2003)
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Optical Modeling of STFs
Dielectric Materials
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Optical Modeling of STFs
Locally Orthorhombic Materials

A. Lakhtakia



Optical Modeling of STFs
Homogenize a
collection
of
parallel ellipsoids
to get

Sherwin and Lakhtakia (2001-2003): 
      Bruggeman formalism

Mathematica
Program
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Optical Modeling of STFs
Wave Propagation

Mathematica
Program
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EXAMPLES OF
POLARIZATION
ENGINEERING
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Chiral STFs: Circular Bragg Phenomenon

A simple explanation (Coupled-
Wave Theory):

• Co-handed wave: Scalar Bragg
grating

• Cross-handed wave:
Homogeneous bulk medium



Chiral STF as CP FilterA. Lakhtakia



Chiral STF as CP Filter
Engineering of Bragg Regime and CP State
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Chiral STF as CP Filter

Rotational Speed:  Controls

Rotational Sense: Controls 

Vapor Incidence Angle: Controls 

Engineering of Bragg Regime and CP State
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Chiral STF as CP Filter
Post-Deposition Engineering of Bragg Regime

Annealing
      before                       after
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Chiral STF as CP Filter
Post-Deposition Engineering of Bragg Regime

Annealing

Blue-shift factors:
(i) Decreases pitch
(ii) Thins nanowires

Red-shift factors:
(i) Increases permittivity

Blue-shift
on annealing
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Spectral Hole Filter

Central Phase Defect in a Chiral STF

- Homogeneous-layer defect
- Isotropic
- Anisotropic

- Twist defect

- Structurally-chiral-layer defect 
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Spectral Hole FilterA. Lakhtakia
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Spectral Hole Filter

Defect-free
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Spectral Hole Filter

Defect-free

With defect

Thin Chiral STF         Thick Chiral STF
Reflection Hole          Transmission Hole
Co-handed   Cross-handed
Theory/Experiment   Theory only
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Spectral Hole Filter
Isotropic-layer defect

A. Lakhtakia



Spectral Hole Filter
Twist defect
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Spectral Hole Filter
Post-Deposition Engineering

Chemical Etching

Blue-shift

Pursel, Lakhtakia, and Horn, Optical Engineering (2007)
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Spectral Hole Filter
Post-Deposition Engineering

Chemical Etching Columnar Thinning Blue Shift

Pursel, Lakhtakia, and Horn, Optical Engineering (2007)
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Fluid Concentration SensorA. Lakhtakia



MORE
EXAMPLES OF
POLARIZATION
ENGINEERING
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Tilt-Modulated Chiral STFA. Lakhtakia



Tilt-Modulated Chiral STF
Ordinary Dielectric Mirror

Advantages:

(1) Single material

(2) Bragg FWHM governed by tilt-modulation amplitude
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Ambichiral STF
Reusch 1869
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Ambichiral STF

All layers of
equal thickness.

2 Bragg regimes

Different CP states
reflected

Bragg L

Bragg R

Left-handed structure
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Ambichiral STF

Layers of
unequal thickness.

1 Bragg regime
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Ambichiral STF

Layers of
unequal thickness.

1 Bragg regime

EP states (Ψ and δ) reflected

Better for CP and nearly CP states
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WHAT’s NEXT?
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STFs WITH TRANSVERSE ARCHITECTURE

STFs on Microscale Topography
(Cross-sectional SEMs of SiOx STFs)
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STFs WITH TRANSVERSE ARCHITECTURE

Chromium

Molybdenum

Aluminum

Metal STFs on
Topography
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STFs WITH TRANSVERSE ARCHITECTURE

SnOx STFs grown on photoresist patterns

Semiconductor  STFs on Micro and
Nanoscale Topography

1 µ
m

200
nm
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STFs WITH TRANSVERSE ARCHITECTURE

Fig.5a 

Sculptured Nanowires on Nanoscale Topography

Single SiOx nanowire
array grown on 60 nm e-

beam resist

HCP array of SiOx nanocolumns

BCC array of SiOx nanocolumns 1um x 1um mesh of SiOx nanolines
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STFs WITH TRANSVERSE ARCHITECTURE
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Thesis

Morphology can be nanoengineered

to obtain

desired polarization
&

operating frequency band

A. Lakhtakia



Thank
You
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