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Smart Optics Materials
 Smart Optics Materials (SOM) are various new optical  Liquid crystal Smart Optics Materials (SOM) are various new optical 

materials that can control deep properties (intensity, phase, 
polarization, coherence) of passing lights, including 
 electro‐optic materials (non‐linear optical crystals, liquid crystals, 

electro‐optic polymers) 
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 magneto‐optic materials (Faraday Effect and Kerr Effect), 
 electro/thermo‐chromic materials 
 chemicals that induce refractive index changes
 optical materials that depend on temperature and pressure
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 Characterization of these materials is difficult due to a lack 
of standard equipment.

 New prototype SOM characterization system with advanced 
ft  i   d  d l t  t NIA  d NASA L RC  
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software is under development at NIA and NASA LaRC. 
 It can measure intensity, phase, and polarization of passing 

lights through many new optical materials while applying 
various physical/chemical effects on the materials.

 A miniaturized compact system has standard‐PC‐interface and 

+ -

Ti

O
Dipole
Moment

Ti3+

O2-

Dipole
Moment

 A miniaturized compact system has standard‐PC‐interface and 
inter‐changeable components for various R&D and commercial 
applications. 

 This innovative versatile SOM characterization system and 
characterized optical materials will be used for complete micro 
spectrometer system  

BaBa3+

spectrometer system. 
 Commercialization of this system accelerates development of 

new optical materials and devices.

Non-linear optical crystal



Application of Light Phase Control

E l f O ti l Di l I d t 3D TV

Linear Polarizer

Phase control

Properties of LightProperties of Light
 IntensityIntensity
 WavelengthWavelength

Example of Optical Display Industry: 3D TV
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 PolarizationPolarization
 PhasePhase
 CoherenceCoherence

Applications of Phase Control

 3D monitor

Left image Right image

3D image

 CoherenceCoherence

 3D monitor

 Phase‐shift lithography

 Holography

3D image

 Phase contrast microscopy

 Interferometer

Vib t   t
Counter Clockwise
Circular Polarization

Clockwise
Circular 
Polarization

 Vibrato meter

 Adaptive optics From working principle of 3D monitor 
*3D image is independent from viewing angle



Industrial Applications
Most of today’s photon detectors measure intensity of light only. (No Phase Information)

M di l I d t

Most of today s photon detectors measure intensity of light only. (No Phase Information) 
NASA’s SOM characterization system measures the phase angle of light as well as its 
intensity. This ability to measure intensity & phase of light extends industrial applications.

 Medical Industry
 Syringe bubble inspection
 Blood inspection

M di i   i  i i Medicine, nutrients inspection

 Food Industry
 Ingredients in bottle inspection
 Brewing, fluid flow inspection 
 Sugar level & fruit ripening monitor

 Semiconductor Industry
 Wafer inspection
 Substrate inspection
 LCD/LED panel inspection

 Film and Packaging
 Film thickness & defect inspection



Based on Michelson Interferometer
 Michelson interferometer uses a 45˚ 

inclined beam splitter, two mirrors, and 
screen with a coherent light source such 
   l  I f      

Mirror-1

Beam 
as a laser. Interference patterns are 
made on the screen from two split lights 
reflected by two mirrors.

Mirror-2

Laser Splitter

 Michelson interferometer is used in 
many applications, such as FT‐IR.

 SOM characterization system uses 

Screen

SOM characterization system uses 
Michelson interferometer configuration 
with more advanced optical sample 
holder components for extended p
measurement, electronic imaging 
system, and intelligent software.

Interference PatternInterference Pattern



Smart Optics Material Characterization System

In FT-IR, Optical Mirror-1In FT IR, Optical Mirror 1 
or Mirror-2 moves forward 
/backward to scan the 
wavelength and the 

l i fi dsample is fixed.

In SOM, Optical mirror-
1&2 are fixed and the 
sample changes with 
electric field, magnetic 
field, voltage and etc.

Miniaturization of SOM 
system is underway.



Supported Sample Types
( ) S(1) Electro-optic materials (2) MEMS device, mechanical property

(3) Magneto-optic materials (4) Optical properties of chemicals



Smart Optics Material 
Ch t i ti  S tCharacterization System





Liquid Crystal Phase Retarder

Local maxima

Local minima





Dynamic Phase Map Analysis
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Liquid Crystal Single Layer Liquid Crystal Double Layer



Absolute Phase Angle Detection 
with Two Series Permutationwith Two Series Permutation

INDEX: CP: CenterINDEX: CP: Center--point Peak, CV: Centerpoint Peak, CV: Center--point Valley, RP: Relatedpoint Valley, RP: Related--point Peak, RV: Relatedpoint Peak, RV: Related--point Valleypoint Valley

RV, CV, RP, CP, RV, CV, RP, CP, RV, CV, RP, CP, …. RV, CV, RP, CP, RV, CV, CV, RV, CP, RP, … CV, RV, CP, RP, CV, RV.

{…RV, CV}, {RP, CP, RV, CV}, {RP, CP, RV, CV}, {RP, CP, …. RV, CV}, {RP, CP, RV, CV}, {CV, RV, CP, RP}, … {CV, RV, CP, RP}, {CV, RV…}

{ C D} {A B C D} {A B C D} {A B C D} {A B C D} {D C B A} {D C B A} {D C }{…C, D}, {A, B, C, D}, {A, B, C, D}, {A, B, …. C, D}, {A, B, C, D}, {D, C, B, A}, … {D, C, B, A}, {D, C…}

Permutation of peaks and valleys of two-point intensity measurement series 
determines whether the absolute phase angle increases or decreases.



Phase Angle Measurement



Absolute Phase Angle Change 
Detection AlgorithmDetection Algorithm

Start

Image Data Acquisition

Main and ReferencePoint SetupMain and Reference Point Setup

Configure Experiment

Start Scan

Record Intensity Changes of Main and 
Reference Points

Finish Scan

Assignment of Peaks and Valleys

Construct the list of orders (Cp,Cv,Rp,Rv)

Run permutation check for each point

New Algorithm

Run permutation check for each point

Permutation Order?
The first element gets a zero increment,
then reverse the phase change increment.

Add the phase change increment to the 
each prime peak and alle

Reversed

Normal

Error
Else

each prime peak and valley

Assign the absolute phase angle changes 
to the peaks and valleys

Calculate the phase angles of the 
intermediate points between the peaksintermediate points between the peaks 

and valleys

Make a table of phase angle changes for 
all points



Various Phase/Intensity Ripple Maps
(depending on materials & devices)( p g )

Thermal Expansion MEMS Vibration & Oscillation

Refractive Index Changes
(electro-chromism)

Liquid Crystal under E-field



Phase Measurement of 2D Array 

 NASA’s SOM characterization 
system can measure phase 
changes of multiple points (up to 
750 points). It can measure 2D 

d l k l d larray devices like liquid crystal 
display, multiple phase 
retarders, and adaptive optics 
arrayarray.

 Advanced imaging system and 
software calculate photon 

Front-side 
electrodes

Liquid injection
or thin-film layer

p
intensity and phase information 
from hundreds of pixels of 2D 
array devices.

Back-side 
electrodes

2D array sample holder with 
double sided electrodes



Summary
 Prototype SOM characterization system has been developed to measure 

i t it   h   l i ti   d  t l  hift  f  i  li ht  th h intensity, phase, polarization, and spectral shift of passing lights through 
many new optical materials while undergoing various physical/chemical 
effects.
 A miniaturized compact system has standard computer interfaces and  inter‐ A miniaturized compact system has standard computer interfaces and  inter

changeable components for various R&D and commercial applications with the 
support of a customizable software system. 

 Following materials and properties can be measuredFollowing materials and properties can be measured.
 Electro‐optic materials: Non‐linear optical crystals, Liquid crystals, Electro‐optic polymers

 Magneto‐optic materials: Faraday effect   ( = Bd), Kerr effect   (n = KE2)

 El t /Th   h i   t i l Electro/Thermo chromic materials
 Chemicals that induce change of refractive indices and light attenuation
 Spectral shift due to electric or magnetic field effect 
 Optical materials under influence of pressure or temperature changesp p p g
 Thermal expansion coefficients
 Movement of MEMS system or piezoelectric actuator
 Adaptive optics array element

oo Industrial Application Industrial Application 
 Semiconductor, Optical Display, Food & Medical Industry, Agriculture, Chemical Semiconductor, Optical Display, Food & Medical Industry, Agriculture, Chemical 

IndustryIndustry


