
FERROELECTRICSFERROELECTRICS--DISPERSED DISPERSED 
TeO2 GLASS STABILITY TeO2 GLASS STABILITY --

0.611216535464553345KTaO3-95T eO2-1.5KT aO3

2.5518159252134020ZnO- 80TeO2-5KT aO3

1.431535714643115Na2O-20ZnO-75TeO2

0.5811263143832620ZnO- 80TeO2

1.4114761951536825KNbO3-75TeO2

0.621246495384503265KTaO3-95T eO2

1.4416862951234410(KNb1/2Ka1/2O3)-90TeO2-0.1Ta2O5

0.9714663948834210(KNb1/2Ka1/2O3)-90TeO2-1.5KTaO3

(Tm-Tx1)/(T x1-
Tg)Tx1-TgTmTx2Tx1TgComposition (mole)

NONLINEARITY BY NONLINEARITY BY 
FOURFOUR--WAVE MIXING WAVE MIXING --

• Intensity

• TeO2 glass ~ 10-50 x SiO2
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FERROELECTRICSFERROELECTRICS--DISPERSEDDISPERSED
TeO2 GLASS XRD PHASE TeO2 GLASS XRD PHASE --

x(g)37010(KNb1/2Ka1/2O3)-90TeO2-1.5KTaO3

x32010(KNb1/2Ka1/2O3)-90TeO2-1.5KTaO3

x4205KTaO3-95TeO2-1.5KTaO3

x3705KTaO3-95TeO2-1.5KTaO3

g32010(KNb1/2Ka1/2O3)-90TeO2-0.3Ta2O5

g32020ZnO-80TeO2-5KTaO3

g37020ZnO-80TeO2
x3205Na2O-20ZnO-75TeO2-5KTaO3

x37015KTaO3-85TeO2

x3705KTaO3-95TeO2

g32025(KNbO3)-75TeO2

XRDHeat Treatment Temp [C]Composition (mole)

•• Optical Fiber Drawing Optical Fiber Drawing 
Tower:Tower:
1. Novel glass/polymer fiber drawing1. Novel glass/polymer fiber drawing
2. Specialty polymer coating2. Specialty polymer coating
3. In3. In--line fiberline fiber--modification processes:modification processes:

Laser/Heat/poling treatments, etc.Laser/Heat/poling treatments, etc.

WAVEGUIDE FABRICATION LABORATORY WAVEGUIDE FABRICATION LABORATORY --

•• AtmosphereAtmosphere--Controlled Controlled 
Glove Box:Glove Box:
1. Air/Moisture sensitive (waveguide) 1. Air/Moisture sensitive (waveguide) 
materials synthesismaterials synthesis
2. TeO2. TeO22; ; ChalcogenideChalcogenide, etc., etc.

•• Fume Hood:Fume Hood:
1. Cleaning: Crucible, 1. Cleaning: Crucible, 
Die, etc.Die, etc.
2. 2. PreformPreform/Fiber /Fiber 
chemical processchemical process
3. Waveguide Material 3. Waveguide Material 
synthesis: Solid state synthesis: Solid state 
and wet and wet chemistrylchemistryl

•• Glass/Ceramics Preparation Facility:Glass/Ceramics Preparation Facility:
1. Melting Furnace1. Melting Furnace
2. Annealing/Heat Treatment Furnace2. Annealing/Heat Treatment Furnace

RESEARCH AND GOAL RESEARCH AND GOAL --

•• Waveguide Waveguide 
fabrication:fabrication:
1. Glass melting 1. Glass melting 
2  Rod2  Rod
3. Tube3. Tube
4. Doped 4. Doped telluritetellurite fiber         fiber         
(0.5dB/cm @ 630nm)(0.5dB/cm @ 630nm)

•• Material/Chemistry:Material/Chemistry:
FACT But WHY?FACT But WHY?
1. Solubility: 1. Solubility: 

25%KNbO25%KNbO33--TeOTeO22 VS. 5%KTaOVS. 5%KTaO33--TeOTeO22
2. 5%KTaO2. 5%KTaO33 glass stability in:glass stability in:

ZnOZnO--TeOTeO22 > ZnO> ZnO--NaNa22OO--TeOTeO22 > Na> Na22OO--TeOTeO22
3. Unexpected Glass stability:3. Unexpected Glass stability:

KTaOKTaO33--ZnOZnO--TeO2 (TeO2 (TxTx--TgTg=180 =180 °° C) > C) > 
NaNa22OO--ZnOZnO--TeOTeO22 (150 (150 °°C)C)

•• Structural study:Structural study:
1. Raman:1. Raman:

NaNa22OO--ZnOZnO--TeOTeO22
Ferroelectric doped TeOFerroelectric doped TeO22

•• Optical characterization:Optical characterization:

1. Nonlinear optical test: 1. Nonlinear optical test: χχ2, , χχ3

χχ3(TeO(TeO2) ~ 50 x ) ~ 50 x χχ3(SiO(SiO2) ) 
Ferroelectric doped effect?Ferroelectric doped effect?
ATTRIBUTE TO ?ATTRIBUTE TO ?

2. Linear optical constants: n(2. Linear optical constants: n(λλ)    )    
Setup Setup Michelson interferometer 

•• General fiber characterization lab setup:General fiber characterization lab setup:
1. Loss, Strength, NA, etc.1. Loss, Strength, NA, etc.

•• Fiber/Glass Fiber/Glass 
modification:modification:
1. 1. KNbOKNbO33/LiNbO/LiNbO33 doped fiberdoped fiber

SrSr(1(1--x)x)BaBaxxNbNb22OO66 doped fiber doped fiber 
(Other ferroelectric doped fiber)(Other ferroelectric doped fiber)

2. Thermal/Electrical glass poling             2. Thermal/Electrical glass poling             
3. In3. In--line fiber polingline fiber poling
4. In4. In--line line NanoNano--crystallizationcrystallization
5. Submicron (5. Submicron (NanoNano--) fiber) fiber

•• Application:Application:
1. EO (TeO1. EO (TeO22) VS. EO (LiNbO) VS. EO (LiNbO33))
2. Nonlinearity: Physics & 2. Nonlinearity: Physics & 
applicationsapplications

Fiber Fabrication (RodFiber Fabrication (Rod--ININ--TUBE TECHNIQUE) TUBE TECHNIQUE) --

All Optical Network thrust


