IC for Advanced Optical Systems

Reliable, Repeatable, Reproducible, and
Deliverable
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CH,SiCly, > SiC, + 3HCl,

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

US Patent No. 5,348,765
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Mirror Ap___pl_ications

Comparisen of mirror materiall perfeimance parameters®

O cvb/ievesic
O RB SiC
AddienaiFACVaRtaeESs:

better performance

40 - . :
2. Neafr nei srieige gossiole
20 o Be 3. rlignly reflective in vac, UV aridl
o Al A-ray regions of EM sgectrur
0 T T T
0 50 10 B0 20
Specific Stiffness (E/rho,MN-m/kg)

“Haley, MLA; Wellmman, J.A ; Weayer, G, “CE‘_R_A_’_F"O_R;\/I SiC:
Roacdmap to 7 Meters anc 2 _!_ g/n? Areal Dengity”) in Acvericed)
Meatterials for Ogiics aricl Pr eg slon Struciures, LA, Baley, LA,

L—l‘l

Pacuin, and T8, Pargonage, Bels, SPIH: Bellingharn, WA, 1997,
RB SiC polishable to < 20 A <3 A rms with amorph. Si overcoat




Trex CVC 'S_lC errors
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Mirror-Eab rication .
Interference and Profile Analysis:on.304'mm Monolithic-Mirror:;

Wave Precision,

0.107

304 e cizeneter 10 e tnici flai, o o | ML LA oo
:’: u!: r IIIfL1 i..p W r'il.r'._T |III ]I"I,‘II Y Il'll"f;‘wlilr ~'|rtl'“'|‘I..|J
Areel density 32 g/ E T TR Fy Ty BT
Flaiinegss 0.225 0\
PMS Foughness 7.36 A )
G o —



mim

mim

min

i e 0.004 Slze ¥ Z267.6 b

304 e diarneier 10 g inicic flat,

Areal density 32 g

Flatness 0,037 A P-V and 0,004 A
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Net Shaped Deposition of

Powered 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 error -
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Mirror-Eabrication:

Lightweight Composite

CVC SiC Face
late (0.050" x 10"
Aperture).

s

1.0 in deep C-C Isogrid Core

¥ 10" x 0.050" CVC SiC face

Areal Density 13.1 kg m-2
Presented at SPIE

CVC SiC facesheet 2 mm thick, ca. 50% of total mass. 1 mm is feasible (AD < 10 kg m-2 within reach).
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CVC SIC Foam Backed Mirror
Carbon and SlC Foams
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Lightweighted Near Net Shaped: e —

CVC SiCMirror gl A
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2.4 inch diameter
center mounting post




Expansion to Larger R‘edc’t(jr for>1.0'm Deposit%ﬁ"_'ﬁ*

Thermocouple Probe

Heating Elements

-/f-- -

. Larger —T )
I \\ Substrate
‘ Graphite Deposition
Substrate
Exhaust Substrate
Rotational Additional Additional Heating
Feedthrough Thermocouple Elements
Probes (individually
programmable)
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MAT'_ERIAL PROPERTIES

CVC/ ﬁLj?ﬁﬂ/@AR?IDE
Density (g/cc) (% theoretical) 3.2 (99% +)
Grain size (microns) 5-10
Flexural Strength (MPa) @ RT 450
Young's M odulus (GPa) 466
Hardness HV (0.3) kg/mm squared 2850
Fractur e toughness (M Pa m¥/2) 3.39
Thermal conductivity (W/m-°K) @ 25C 205-250
CTE (x10%/°C) 35
Heat capacity (J/kg-°K) 640
Total impurities <5ppm
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OPT1CAL PR’PERTIE
CVC §1LI§§]§IJ_(}ARBIDE B
Current Future Potential
(<1yr)

Surface Figure (P-V & rms) 234 & 2.5nm 6 nm P-V 2-3nm P-V
Surface Roughness (r ms) 2 A 1A <1A
Areal Density (@ 300 mm 8 kg/m? 3-7 kg/m? 2-3 kg/m?
Areal Density (@ 1m) N/A 10-15 kg/m? 3-7 kg/m?
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Mandrel Prep—-

Deposition run
Machining
Polishing (A)

Polishing (B)

Mandrel Prep

Deposition run .
Machiningi -
Polishing (A)i o

Polishing (B)7 !

Days

Virtually Figure Independent, e.g plano, powered, aspherical




CVC SIC Meter Class O'p_tics Projected Schedules " (h

Mandrel Prepﬁ
Deposition run

Machining

Polishing (A)
Polishing (B)

Mandrel Prep []

Deposition run [l

Machining O
Polishing (A) L
Polishing (B) !

Days

Virtually Figure Independent, e.g plano, powered, aspherical
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