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GasGas--FusionFusion™™ Substrate Features Match HEL RequirementsSubstrate Features Match HEL Requirements

ClosedClosed--back honeycomb structure.back honeycomb structure.
Mechanical stiffness: Behaves like a solid that is 40% thicker.Mechanical stiffness: Behaves like a solid that is 40% thicker.
Processed at high temperatures to create 100% fused cell structuProcessed at high temperatures to create 100% fused cell structure.re.
Radius corners at cell/faceplate intersection.Radius corners at cell/faceplate intersection.
Proven robust in demanding environments.Proven robust in demanding environments.
Low thermal inertia.Low thermal inertia.
Flexible geometry designs.Flexible geometry designs.
High degree of customization.High degree of customization.
Precision optical surface finishes > Precision optical surface finishes > λ/20 pλ/20 p--vv..
Fabrication to 1.5 m diameter.Fabrication to 1.5 m diameter.
Rapid manufacturing cycle times.Rapid manufacturing cycle times.
Space heritage.Space heritage.
Areal densities in the 15 kg/mAreal densities in the 15 kg/m22 range.range.
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JTO/HEL ULEJTO/HEL ULE®® GasGas--FusionFusion™™ Development ProgramDevelopment Program

ObjectivesObjectives

1. 1. GasGas--Fusion™ Application to ULE Fusion™ Application to ULE ®® GlassGlass
2. 2. Produce Prototype 250 mm Produce Prototype 250 mm ØØ BlankBlank
3. Evaluate Post3. Evaluate Post--Processed ULEProcessed ULE®® Physical CharacteristicsPhysical Characteristics
4. Optically Polish & Test a Blank4. Optically Polish & Test a Blank

HEL/JTO PayHEL/JTO Pay--OffOff
Develop a technology capability for high performance lightweightDevelop a technology capability for high performance lightweight mirrors that can be mirrors that can be 

manufactured in a fraction of the leadmanufactured in a fraction of the lead--time for existing technologies time for existing technologies 
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Key ULE Key ULE ®® GasGas--FusionFusion™™ Development Development -- ChallengesChallenges

Technical Objectives Required for Successful DevelopmentTechnical Objectives Required for Successful Development
–– Glass ChemistryGlass Chemistry

Can we process the glass without changing its chemistry?Can we process the glass without changing its chemistry?

–– Fusion BondingFusion Bonding
Are we able to bond the core to the face and back plates?Are we able to bond the core to the face and back plates?

–– Lightweight Cell Wall FormationLightweight Cell Wall Formation
Can we control and create the core structure?Can we control and create the core structure?

Fusion 
Bonds

Glass
Chemistry

Core
Creation
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Materials Compatibility Materials Compatibility 

Examples of 125 mm Examples of 125 mm ØØ test test samples processed through Gassamples processed through Gas--Fusion™ cycle.Fusion™ cycle.

No obvious chemistry No obvious chemistry 
change to pristine change to pristine 
areas of the glass.areas of the glass.

Most materials reacted Most materials reacted 
with the glass through with the glass through 

direct contact. direct contact. 

Some tooling materials Some tooling materials 
dramatically attacked dramatically attacked 

the glass.the glass.
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250 mm 250 mm ØØ GasGas--Fusion™ Mirror FabricationFusion™ Mirror Fabrication

Blank as removed Blank as removed 
from furnace.from furnace.

Blank after edging Blank after edging 
and fine grinding.and fine grinding.

Blank with specular Blank with specular 
polish.polish.

Substrate processed by Tucson Optical Research Corp.Substrate processed by Tucson Optical Research Corp.
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Post Processed ULEPost Processed ULE®® CTE ResultsCTE Results
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Avg.CTE(ppm/K)Specimen ID
Specimen 

#

The reported average CTE is calculated as a secant CTE using a 
polynomial regression fit to the measurement data set.

Cell samples in dilatometer.Cell samples in dilatometer. Parent blank.Parent blank.

Tests Conducted by PMIC with an LVDT dilatometer Tests Conducted by PMIC with an LVDT dilatometer 
system based on ASTM standard E 228system based on ASTM standard E 228--85 Modified85 Modified
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Optical Finishing and Stability VerificationOptical Finishing and Stability Verification

Shack Cube Interferometer Setup at Tucson Optical Research Corp.Shack Cube Interferometer Setup at Tucson Optical Research Corp.
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Optical Testing ResultsOptical Testing Results

IntelliWave: OPD Map [5C,S,PCG]
FILE: INTELLIWAVE1

  Range (PV) =   0.2489 waves, RMS =   0.0428 waves

0.2377
0.2261
0.2146
0.2031
0.1916
0.1801
0.1685
0.1570
0.1455
0.1340
0.1225
0.1110
0.0994
0.0879
0.0764
0.0649
0.0534
0.0419
0.0303
0.0188

Room Temperature Test (~20Room Temperature Test (~20°°C)C)
Instrument accuracy Instrument accuracy ±± λλ/15 (.067/15 (.067λλ) p) p--v.v.

Overall mirror size ~250 mm Overall mirror size ~250 mm ØØ..
–– Figure of Figure of λλ/2 p/2 p--v due to v due to 

turned down edge.turned down edge.

Central tested aperture ~ 100 mm Central tested aperture ~ 100 mm ØØ..
–– Typical figure Typical figure λλ/4 p/4 p--v.v.
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Optical Stability ResultsOptical Stability Results

Aperture size ~ 100 mm.    Accuracy Aperture size ~ 100 mm.    Accuracy ±± 0.0670.067λλ pp--vv

0.04720.04720.26740.26743131--50503232--404055

0.05370.05370.26730.26734040--75753333--363644

0.04940.04940.26470.26474040--6060272733

0.04280.04280.24890.24892020202022

0.04690.04690.25440.25442020202011

λλ rmsrmsλλ pp--vvBack Face Back Face °°CCFront Face Front Face °°CC

FlatnessFlatnessFlatnessFlatnessTemperature Temperature Temperature Temperature Test #Test #
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Lightweight GasLightweight Gas--FusionFusion™™ ULEULE®® MirrorsMirrors

1.1. Successful application of Successful application of ULEULE®® to the to the 
GasGas--FusionFusion™™ Process.Process.

2.2. Preliminary validation of glass cte Preliminary validation of glass cte 
integrity.integrity.

3.      Substrate is proven to be finished to 3.      Substrate is proven to be finished to 
precision optical tolerances.precision optical tolerances.

Program AccomplishmentsProgram Accomplishments

Produce high Produce high 
performance performance 
closedclosed--back mirror back mirror 
substrates in a substrates in a 
fraction of existing fraction of existing 
lead times.lead times.

Lead TimeLead Time

““Standard” ULE ClosedStandard” ULE Closed--Back Back 
LightweightLightweight

OpenOpen--Back Machined Zerodur  Back Machined Zerodur  
LightweightLightweight

GasGas--Fusion ULE  LightweightFusion ULE  Lightweight

Lightweight Mirror Blank FabricationLightweight Mirror Blank FabricationObjectiveObjective


