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CVC SiC for Advanced Optical SystemsCVC SiC for Advanced Optical Systems

Reliable, Repeatable, Reproducible, and 
Deliverable
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The Chemical Vapor Composites ProcessThe Chemical Vapor Composites ProcessThe Chemical Vapor Composites Process

MTS/H2 + 
Particulates

Reusable Preform
CHCH33SiClSiCl3(g)3(g) SiCSiC(s)(s) + 3HCl+ 3HCl(g)(g)

♦♦ Particles added to CVD stream lead to equiaxial Particles added to CVD stream lead to equiaxial 
grain growth and low intrinsic stressgrain growth and low intrinsic stress

US Patent No. 5,348,765US Patent No. 5,348,765
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CVD and CVC Silicon Carbide: Grain StructureCVD and CVC Silicon Carbide: Grain Structure

CVD SiC

scale bar = 15 µm
Trex CVC  SiC

scale bar = 15 µm

Conventional CVD 

Deposition Surface

Trex CVC 
Conventional CVD 

Trex CVC 

Face Formerly Attached
To substrate 

SiC Particulates added to CVD reaction stream relieve SiC Particulates added to CVD reaction stream relieve 
intrinsic stress, but also reduce average grain size.  intrinsic stress, but also reduce average grain size.  
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Mirror ApplicationsMirror ApplicationsMirror Applications
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Additional Advantages:Additional Advantages:

1.1. Fine polish possible with CVC SiCFine polish possible with CVC SiC

2.2. Near net shape possibleNear net shape possible

3.3. Highly reflective in vac. UV and Highly reflective in vac. UV and 
XX--ray regions of EM spectrumray regions of EM spectrum.

*Ealey, M.A.; Wellman, J.A.; Weaver, G.  *Ealey, M.A.; Wellman, J.A.; Weaver, G.  ““CERAFORM SiC: CERAFORM SiC: 
Roadmap to 2 Meters and 2 kg/m2 Areal DensityRoadmap to 2 Meters and 2 kg/m2 Areal Density””, in , in Advanced Advanced 
Materials for Optics and Precision StructuresMaterials for Optics and Precision Structures, M.A. Ealey, R.A. , M.A. Ealey, R.A. 
Paquin, and T.B. Parsonage, Eds., SPIE: Bellingham, WA, 1997.   Paquin, and T.B. Parsonage, Eds., SPIE: Bellingham, WA, 1997.   
RB SiC polishable to < 20 A rms.  < 3 A rms with amorph. Si overRB SiC polishable to < 20 A rms.  < 3 A rms with amorph. Si overcoatcoat.

Comparison of mirror material performance parameters*Comparison of mirror material performance parameters*
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Trex CVC SiC MirrorsTrex CVC SiC MirrorsTrex CVC SiC Mirrors

 

 

380 mm plano380 mm plano

254 mm 254 mm 
compositecomposite254 mm aperture254 mm aperture

1.0 m roc1.0 m roc powered mirrorpowered mirror
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Trex CVC SiC Optical PropertiesTrex CVC SiC Optical PropertiesTrex CVC SiC Optical Properties

Initial ConditionInitial Condition Single 11.3 minute CorrectionSingle 11.3 minute Correction

0.122 0.122 λλ PP--VV

0.022 0.022 λλ rmsrms

0.042 0.042 λλ PP--VV

0.003 0.003 λλ rmsrms
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Mirror Fabrication
Interference and Profile Analysis on 304 mm  Monolithic Mirror

Mirror FabricationMirror Fabrication
Interference and Profile Analysis on 304 mm  Monolithic MirrorInterference and Profile Analysis on 304 mm  Monolithic Mirror

304 mm diameter 10 mm thick flat.304 mm diameter 10 mm thick flat.
Areal density 32 kg/mAreal density 32 kg/m--22

Flatness 0.225 Flatness 0.225 λλ

RMS Roughness 7.36  RMS Roughness 7.36  ÅÅ
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304 mm  Monolithic Mirror
Super Polished

304 mm  Monolithic Mirror304 mm  Monolithic Mirror
Super PolishedSuper Polished

304 mm diameter 10 mm thick flat.304 mm diameter 10 mm thick flat.
Areal density 32 kg mAreal density 32 kg m--22

Flatness 0.037 Flatness 0.037 λ λ PP--V andV and 0.004 λ0.004 λ
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Net Shaped Deposition of 
Powered Silicon Carbide Mirrors

Net Shaped Deposition of Net Shaped Deposition of 
Powered Silicon Carbide MirrorsPowered Silicon Carbide Mirrors

Off-Axis CVC         
Deposition

After Liberation from Substrate and 
Final Figuring

Convex Graphite Substrate
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Interference Analysis of 254 mm Curved MirrorInterference Analysis of 254 mm Curved Mirror
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254 mm Curved mirror (1m r.o.c.) thickness of 3mm
Areal Density 8.1 kg/m2

254 mm Curved mirror (1m r.o.c.) thickness of 3mm254 mm Curved mirror (1m r.o.c.) thickness of 3mm
Areal Density 8.1 kg/mAreal Density 8.1 kg/m22
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Optical Properties of 3mm thick Powered Mirror
(Advanced Polishing)

Optical Properties of 3mm thick Powered MirrorOptical Properties of 3mm thick Powered Mirror
(Advanced Polishing)(Advanced Polishing)

126 nm rms126 nm rms 11 nm rms11 nm rms
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Mirror Fabrication: 
Lightweight Composite

Mirror Fabrication: Mirror Fabrication: 
Lightweight CompositeLightweight Composite

♦♦ 10" x 0.050" CVC SiC face10" x 0.050" CVC SiC face

1.0 in deep C1.0 in deep C--C Isogrid CoreC Isogrid Core

Trex CVC SiC Face Trex CVC SiC Face 
Plate (0.050” x 10” Plate (0.050” x 10” 
Aperture).Aperture).

Areal Density 13.1 kg mAreal Density 13.1 kg m--22

Presented at SPIEPresented at SPIE

CVC SiC facesheet 2 mm thick, ca. 50% of total mass.  1 mm is feCVC SiC facesheet 2 mm thick, ca. 50% of total mass.  1 mm is feasible (AD < 10 kg masible (AD < 10 kg m--22 within reach). within reach). 
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CVC SiC Foam Backed Mirror
Carbon and SiC Foams

CVC SiC Foam Backed MirrorCVC SiC Foam Backed Mirror
Carbon and SiC FoamsCarbon and SiC Foams
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Lightweighted Near Net Shaped
CVC SiC Mirror

Lightweighted Near Net Shaped
CVC SiC Mirror
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Expansion to Larger Reactor for >1.0 m DepositionExpansion to Larger Reactor for >1.0 m DepositionExpansion to Larger Reactor for >1.0 m Deposition

Thermocouple Probe

Heating Elements

Single Injector

Exhaust

Reactant Vapor 
and Seed Particles

Graphite Deposition 
Substrate

Substrate 
Rotational 
Feedthrough

Larger 
Substrate

Additional 
Thermocouple 
Probes

Additional Heating 
Elements 
(individually 
programmable)

Multiple Injector

Water Cooled 
Stainless Shell

Thermocouple Probe

Heating Elements

Single Injector

Exhaust
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and Seed Particles

Graphite Deposition 
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Substrate 
Rotational 
Feedthrough

Larger 
Substrate

Additional 
Thermocouple 
Probes

Additional Heating 
Elements 
(individually 
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Water Cooled 
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MATERIAL PROPERTIES
CVC SILICON CARBIDE

MATERIAL PROPERTIESMATERIAL PROPERTIES
CVC SILICON CARBIDECVC SILICON CARBIDE

Density (g/cc) (% theoretical)                      3.2 (99%+)Density (g/cc) (% theoretical)                      3.2 (99%+)

Grain size (microns)                                     5Grain size (microns)                                     5--10                               10                               

Flexural Strength (MPa) @ RT                  450Flexural Strength (MPa) @ RT                  450

YoungYoung’’s Modulus (GPa)                              466s Modulus (GPa)                              466

Hardness HV (0.3) kg/mm squared            2850Hardness HV (0.3) kg/mm squared            2850

Fracture toughness (MPa mFracture toughness (MPa m1/21/2)                   3.39)                   3.39

Thermal conductivity (W/mThermal conductivity (W/m--°°K) @ 25C    205K) @ 25C    205--250                          250                          

CTE (x10CTE (x10--66//°°C)                                              3.5C)                                              3.5

Heat capacity (J/kgHeat capacity (J/kg--°°K)                               640K)                               640

Total impurities                                            < 5 Total impurities                                            < 5 ppmppm
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OPTICAL PROPERTIES
CVC SILICON CARBIDE
OPTICAL PROPERTIESOPTICAL PROPERTIES
CVC SILICON CARBIDECVC SILICON CARBIDE

Current                    Future               PotentialCurrent                    Future               Potential
(<1 yr)(<1 yr)

Surface Figure (PSurface Figure (P--V & rms)            23.4 & 2.5 nm          6 nm PV & rms)            23.4 & 2.5 nm          6 nm P--V           2V           2--3 nm P3 nm P--VV

Surface Roughness (rms)                       2 Surface Roughness (rms)                       2 ÅÅ 1 1 ÅÅ <1 <1 ÅÅ

Areal Density (@ 300 mm                   8 kg/mAreal Density (@ 300 mm                   8 kg/m2                           2                           33--7 kg/m7 kg/m2 2 22--3 kg/m3 kg/m22

Areal Density (@ 1m)                             N/A            Areal Density (@ 1m)                             N/A            1010--15 kg/m15 kg/m2              2              33--7 kg/m7 kg/m22
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Nominal 300 mm Aperture CVC SiC MirrorNominal 300 mm Aperture CVC SiC MirrorNominal 300 mm Aperture CVC SiC Mirror
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CVC SiC Meter Class Optics Projected ScheduleCVC SiC Meter Class Optics Projected ScheduleCVC SiC Meter Class Optics Projected Schedule
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