
ACCOMPLISHMENTS
···· Formed a team of 10 faculty team between Lehigh and Penn State,

LU: V.Dierolf, I.Biaggio, H.Jain, R.K.Pattnaik, J.Toulouse 
PSU: J.Badding, A.Bhalla, V.Gopalan, R.Guo, S.Yin

9visiting scientists/postdocs and 20 graduate students
···· Five on-going projects with multi-investigator involvement
···· Vertical integration, from materials/optical microstructures to subsystems      

implementation
···· 50 journal papers, 25 refereed conference papers and 75 conference 

abstracts published in 2004
···· 50 research proposals submitted and 25 funded in 2004
···· Major infrastructure developments in 5 research laboratories
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AOF Infrastructure

� Glass Synthesis, Processing

� Material characterization 

� Fiber preform fabrication, Fiber drawing

� Waveguide fabrication

� Emission, Raman spectroscopy Labs (high    
wavelength, spatial and temporal resolutions)

� Nonlinear Optics Labs (high power pulse lasers)

� Fiber Optics Lab

� Modeling and Simulation
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AOF 5 Major Research Areas

Optical Functionalities in:

I- New Glasses and their Fibers 

II- Microstructured Fibers 

III- 2D Photonic Crystals

IV- Single Crystal Ferroelectric Crystal Fiber

V- Ferroelectric Planar Waveguides
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Development of hybrid organic-glass fiber structures 
for  all-optical switching 

an example of the AOF vertical integration



I- New Glasses and Fibers
J.Wang. S.Nukavarapu, K.M. Kiang, P.Gupta, D.Iyer, H.Jain, J.Toulouse
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•Very broad emission band (e.g. Er in TeO2 180nm vs 35nm in silica)

•large linear and nonlinear refractive index
•wide band infrared transmittance
•Low melting point and glass transition, Tg

•Easy fiber drawing
•good chemical stability (resistance to moisture, etc)

• Take advantage of ferroelectric properties (piezoelectric, 
electrostrictive, electro-optic, acousto-optic, nonlinear optic)

• Ability to control with external electric field or optically
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II- Microstructured Fibers and 
III- Photonic Crystals 

R. Pattnaik, I. Biaggio, F.Ndi, J.Toulouse, J.Badding, V.Gopalan, 
P.Sazio (U. Southampton) 

-Microstructured/Photonic Crystal Fibers

• Tight confinement of the light and stronger nonlinearities
• Much greater flexibility in dispersion design

• Can be loaded with semicon, metals, molecules for special properties

-Planar Photonic Crystals
• Better control of propagation (e.g. 90° bends)
• New design opportunities using “defects/microresonators”
• Great potential for integrated functionalities (all-optical modulation)
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IV- Single Crystal Ferroelectric Fibers
V- Ferroelectric Waveguides

R.Guo, A.Bhalla, R.Pattnaik, J.Toulouse
V.Gopalan, V.Dierolf, A. Sharan, N. Malkova, D.A. Scrymgeour, L.Tian, P.Tafon

• Piezoelectric and electrostrictive effects to control polarization and strain 
with external electric field

• Electro- and elasto-optic effects to control the refractive index with an 
external electric field

• Large nonlinear index of refraction for nonlinear applications (Kerr)

• Phase matching through controlled ferroelectric domain microstructure
• Potential for many new all-optical and integrated optical devices
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VI- Network Functionali ties
S.Yin, V.Gopalan, P.Andrekson, J.Toulouse, R.Pattnaik,

• Fiber grating applications

• Comb generation using phase modulation

• Wavelength conversion using phase and intensity modulations
• New all-optical functionalities based on Stimulated Raman Scattering (SRS)
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Optical Fiber Development

Slice from the 
core-clad rod

Core: 95(0.7TeO2-0.25ZnO-0.05Na2O)-5 KNbO3

Clad: 70TeO2-25ZnO-5Na2O

Lifting after pouring the 
core glass melt

Preform Fabrication:
The suction method

Characterization
Surface of the preform

polished using various grit size 

SiC sheets, Al2O3 and CeO2 powders

Glass Polished and Etched in HCl

AFM image of the etched surface

Nanometer scale smoothness after
etching with HF and HBr



Optically Active Fiber

Up-conversion of Er3+

Emis si ons  o f  Er3+ in  TeO2 Glas ses
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Er3+ emiss ion

:High Nonlinearity fiber:
SrBaNb2O5–TeO2 and 

KNbO3 doped

Fiber Drawing

10000ppm(mole)-5Na2O-20ZnO-75TeO2
One time rod- in-tube drawing
Single mode
Fiber strength – moderate
Loss ~ 1.3 db/m

Optical Fiber Development



Degenerate 
For-Wave Mixing

(third order susceptibilities)

Optical Studies of Materials

 

Near two-photon resonanceOff-resonance

Second Harmonic Generation 
(Ferroelectric Glass-Ceramics)

Confocal Spectroscopy     
(Raman, Luminescence)

Optical Microscopy
(cross-polarizers)

Nonlinear Spectroscopy
(two-photon absorption)



Microstructured fibers

Microstructured Optical Fibers
(MOF’s)

• Versatile arrays of periodic holes in silica - new
nanotemplate

� Long, thin, ordered, strong, and transparent platform for
synthesizing new materials and new device geometries



Microstructured Fibers:
Supercontinuum Generation

Supercontinuum Generation Spec trum
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Microstructured Fibers: Stimulated Brillouin Scattering

Efficient Lasing
(nar row band lasers)
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High SBS threshold,          
Additional acoustic modes

(CW power delivery, special AO devices)



Microstructured Fibers: intercore coupling

Simulation: l inear coupling process in a 6-core � 3� ring coupler

Near field Far field

interference diffract ion interference

Simulation: l inear coupling process in a 2-core � 3� coupler 

� 3�

2� 2�

3core 
d=1.10µm � =2.52µm

Coupling length vs d/�



• High-pressure conformal filling
• Raman indicates crystalline material
• A wide variety of filling, e.g.:  Si, Ge, Au, 

Pt, GeS2, ZnO

Before After Si-Filling
SemiconductorSemiconductor--filled filled MicrostructuredMicrostructured Optical FibersOptical Fibers



Semiconductor Light GuidesSemiconductor Light Guides

World’s first optical fibre 
silicon waveguide

Si is transparent 
at  telecoms 
wavelengths
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• Cut Back Method
• Optical Losses: 2.8 dB/cm



Towards glass-organic hybrid 
microstructured fibers

Numerical Calculations

� All-Optical Switching
� Self-Phase Modulation
� Optical Limiting
� Two-Photon Absorption

DCM(n=1.424)
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New donor-substituted, robust molecules 
with 2D electron conjugation paths

Inserting mo lecules from Solut ion 
or  by Vapor Deposition

Applications

Solution free

Record Breaking
� (3) nonlinearities



2D-Photonic Crystals
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L =3.6 mm
at 840nm

Input IR
840 nm

Waveguide
s

LiTaO3

crystal

Output
Blue
420 nm

D. Scrymgeour, C. Sandmann, L. Tian, S. Penn Tafon, P. Capek, B. K. Das, S. H. 
Oruganti, W. Sohler, M. Gu, H. Liu, Y. Lee, R. Guo, A. Bhalla, V. Dierolf, V. Gopalan, 



10µm10µm

10µm10µm

Light Aided Domain EngineeringLight Aided Domain Engineering

Photonics Spectra Aug 2004
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Electro-optic modulation scheme in BaTiO3(001) film based on field 
dependent birefringence change.



Ferroelectric FibersFerroelectric Fibers



Glass Encapsulated Ferroelectric fibersGlass Encapsulated Ferroelectric fibers
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Temperature Compen sation wit h Electro-Opt ic Polymer
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Other Optical Functionalities

Fiber Gratings
Ultra-fast All-fiber Tunable Filter High Temperature Sensing
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15 km DS fiber

Data

SBS suppression
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Channel spacing = 25 GHz, Pp = 24 dBm

Error free performance confirmed at 2.5 Gb/s & 10 Gb/s  with small  penalty 
Significant improvement expected with highly nonl inear f iber
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Creating Optical Functionalities in:Creating Optical Functionalities in:

I- New Glasses and their Fibers 

II- Microstructured Fibers 

III- 2D Photonic Crystals

IV- Single Crystal Ferroelectric Crystal Fiber

V- Ferroelectric Planar Waveguides



AOF thrust Future
· Measure the nonlinear optical susceptibilities of tellurite glasses
· Optimize Tellurite glass compositions
· Draw tellurite fibers (conventional single mode from rod in tube)
· Develop preform fabrication using extrusion (for microstructured fibers)
· Characterize optical nonlinearities in newly drawn fibers and optimize

· Obtain glass ferroelectric nanocomposites (bulk crystallization)
· Develop laser writing technique for selective nanocrystallization
· Explore glass-ferroelectric nanocomposite fibers
· Characterize SRS and other optical nonlinearities in microstructured fibers

· Demonstrate optical functionalities based on SRS (e.g. wavelength conversion)
· Design and test new fiber microstructures to optimize these effects
· Design and fabricate low-loss planar photonic crystals (PPC)
· Demonstrate nonlinear effect in these (frequency conversion)

· Design and fabricate PPCs with defects/microresonators for selective applications
· Demonstrate a fiber/waveguide integrated electro-optic switch
· Develop frequency conversion devices in stoichiometric LiTaO3 using VTE growth
· Control the domain structure of crystal ferrolectric fibers during growth 
· Fabricate core-cladding ferroelectric fibers through in-diffusion or overclad
· Investigate giant nonlinear optical response in Bi-based compounds


