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§ Dr. Bill Goodman, Director, Optical Programs

8 Dr. Clifford Tanaka, Senior Supervisory Scientist

Contacts and Location

2701 Pan American Freeway NE, Suite C
Albuquerque, NM 87107
bgoodman@trexenterprises.com

CELL: 858.437.3899

KAUAI PLANT: 808.245.6465

3038 Aukele Street

Lihue, Kauai Island, Hawaii 96766
ctanaka@trexhawaii.com
PHONE: 808.245.6465 ext 12
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8 All Silicon Carbide Operations on Lihue, Kauai Island

8 Staff Comprised of >90% kamaaina (locals)



Business Area Description,

Products and Services

§ Products i Currently a Build-to-Print Component Supplier

I Manufacture of Lightweight Mirrors for Telescopes, Fast Steering and Scan Mirrors,
Lidar Mirrors, Beam Directors, Imagers, HELs, X-Ray Mirrors, Solar

§ Services | Corporate Capability

| Optical, Thermal & Structural, Coating Design & Analysis
I System Integration Support, Engineering & Performance Analysis
I Test Design, Risk & Life Cycle Cost & Data Analysis

8 Current customers
I MDA, DARPA, USASMDC
I NASA: MSFC, GSFC
I AFRL Directorates: RD, RV, RX
I Government Primes and Commercial

S Numerous Vendors and Suppliers
I All aspects of hard ceramic machining, polishing, and coating
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CVD SlC Has Columnar Growth Trex CVC SiCE ' HaEsjuiaxed Growth

\/ Dimensionally stable to temperatures as low as 4 K \V Low Z
\/ Large Size (6@ch) and Thick Parts ¢¥izh) \/ High Purity
\/ High thermal conductivity, low CTE \/ High Stiffness

\/ Faster growth rate (>5x CVD) CVCSi CE Ha s M uV IWetar i?esri)strimt e
\/ High Yields (Nearly 100%) \/ Corrosion Resistant

Advantages
\/ Uniform Microstructure \/ Machinablé.ike Glass
\/ Near Net Shape \/ High Aspect Ratio Mirrors
\/ Lightweight \/ Temperatures Up To 4560
\/ 100% Dense \/ SuperPolishablen/o Cladding
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Room Temperature Density Total Grain | Young's | Specific | Shear | Flexural | Tensile | Specific | Thermal | Thermal | Specific| Thermal | Steady State Transient|Poisson's| Surface
Property: Porosity Size | Modulus | Stiffness | Modulus | Strength |Strength| Strength |Expansion|Conductivity Heat |Diffusivity| Distortion |Distortion| Ratio Finish
Units:;| kg’ % m GPa  |MPa-mlkg Gpa MPa MPa |MPam’kg| 109K | wimkK jlkg-K 10%m%s | mW | sim®K aitrary | A, ims

Preferred Value:|  Small NONE Small Large | Large | Large | Large | Large | Large Small Large | Large | Large Small Small Small

Typical Mirror Materials

Corning Fused Silica 2190 0 73 3 0.00 05 14 750 0.85 0.36 059 0.2 10

Corning ULE® 2210 0 67 30 0.00 0.015 13 770 0.76 0.01 0.02 017 10

Schott Zerodur 2530 0 9 36 0.00 -0.09 16 810 0.78 -0.06 012 | 0243 15

BrushWellman Be I-70H Optical 1850 287 155 207 231 013 113 216 1920 | 6081 0.05 0.19 0.25 15

BrushWellman Be I-220H Structural | 1844 303 164 345 0.19 115 216 1925 | 60.85 0.05 019 018

BrushWellman AlBeMet 162 2100 196.5 94 226 305 015 139 212 1506 | 67.03 0.07 021 017

6061 Aluminum 2700 68 25 216 0.10 236 175 900 | 7202 013 033 033

Single Crystal Silicon 2330 0 130 56 120 0.05 25 148 640 | 99.25 0.02 0.03 0.24 <5

Invar 39 8080 0 1482 18 215 0.03 3.05 1043 520 248 029 123 0.26

Invar 36 8050 0 141 18 216 0.03 1 104 520 248 0.10 040 0.26

TREX CVC SiCE 3210 0 5-20 457 142 198 402 344 011 2.3 200 763 8166 0.01 0.03 017 <5

Web Based SiC By Others:

CVDSIC 3210 575 465 145 450 470 015 22 250 670 | 116.24 0.01 0.02 021 <5

ECM CESIC 2655 0 249 94 320 150 0.06 25 121 800 | 56.97 0.02 0.04 017 | 15t025

ECMHB CESIC 2970 0 347 17 254 0.00 2.3 125 730 | 57.65 0.02 0.04 018 <10

Coorstek UltraSiCE 3150 5 410 130 480 0.00 21 175 665 | 8354 0.01 0.03 021 10-20

Coorstek PureSiCE 3210 310 434 135 517 0.00 22 115 665 | 5387 0.02 0.04 021 510

Xinetics Reaction Bonded 2950 0 364 123 550 300 0.10 244 172 670 | 87.02 0.01 0.03 018 10-20

POCO SuperSiC® 2530 21.06 216.2 85 155 104 0.04 2.28 149 636 | 9260 0.02 0.02 017 10-20

SuperSiC plus Silicon® 2930 1.08 330 113 233 108 0.04 2.31 21 645 | 116.94 0.01 0.02 017 10-20

Let The Numbers Speak For Themselves
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Upto 1.5 Meter Diameter Mirror: Branks:







SCVC Si CE component fabrication ut.i
| Traditional Silicon Carbide Grinding
| Laser Milling & Mibtachining
| Water Jet Milling & Cutting

§ Each technology provides a unique solution to different challenges presentec
the fabrication process of CVC SIC. Careful utilization of these technologies
provides economical solutions for fabrication of light weighted large aperture
mirrors from CVC SI CE materi al
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CVCS|CE I\/IlrrorCharacterlstlcs = r
VC | Sl Mat a ‘
I Optical Grade
I Ultra Pure

8 Polishing Performance
I Surface Roughness: < 4 Angstroms rms
I Figure Accuracy: Y®0ave PV at HeNe

Property Value | Std Dev | Units Source
Youngds Mo ddd6.8 s| 34.8 GPa SoRI / UDRI
Shear Modulus 197.6 GPa UDRI
Poi ssonbs RA.17i o UDRI
CTE (RT) 2.3 ppm/K | SoRl
Thermal Conduction | 185.8 10.0 W/m-K | SoRI/ UDRI
Specific Heat 0.763 | 0.063 J/g-K SoRI / UDRI
Tensile Strength
Ground (220 grit) 3175 |394 MPa SoRI
Polished 343.7 | 67.3
Flexural Strength 402.3 | 64 MPa SoRI
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BarePolished CV/GiCvs Si Coat: Diamot

Turned CVGiCvs Nickel Plated Al

1E01
[ CVC SiC Silicon Carbide Out Sample 12 Averag
. Sample 14 Average
Performs Nl_ckel Plated e Sample C Averag
A|Umlnum —o— Sample M Average
1 —Polished Nickel Plated Aluminur
1E02 4 = —

_— BRDF Performance Reference: Polished
Nickel Plated Aluminum Mirror

— Diamond Turned CVC SIC
Demonstrates 2nd Best BRDF
— Performance (Sample 12 & 14—

BRDF (s}
[
m
o
w

Bare Polished CVC SIC Demonstrates Best BRDF
Performance (Sample C & M)

TREMirror Samples: S/Ns 12, 14, & M
Circular flat25.4 mm in diameter
PolishedCVC SiC (12 &14 are Si Cladded)
1804 T Coatings: A —]
S/NM: Uncoated
S/Ns 12, 14, & C: Al/SIO
RMS surface roughness: 3 A (before coating)
Wavelength: 632.8 nm
Angle of incidence: 20
Spotlocations: 4 mm from centell20 apart
Measurement date: 05/21/07 at Schmitt Industries
1E05
0.01 0.1 1
b- b,
Logarithmic View of BRDF to Distinguish Diffuse Data
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RMS Wavefrontwith Tilt Removed, Waves HeNe
| — 277sec lasing —2
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8 AFRL used a 110W, 1.064egm CW | aser. The
and turned off at 330 seconds. A high absorption coating (~17%) on the mirror
provided the equivalent absorbed power of 155 kW incident intensity with a low
loss HEL coating. The maximum RMS wavefront error is 0.0734 waves (with tilt
removed) with 0.0584 waves error coming from the thermal distortion. Once the
laser is turned off, the mirror relaxes quickly recovering 83% in 2.8 seconds.
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Ultra Low LOSS Optical Coatings 8= -~
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§ State-of-the-
Art Ultra Low
Loss High
Reflector (HR)

Results: Nb,O,/SiO,
High Reflectors (CW)

+ 23 Iayer quan'er wave stack lc = 1064 nm. Nl (5/5i0; Coating Absorption Frequency Distribution CO atl ngS
0° AOQI (R > 99.98%) 4nm
* Materials selected for CW laser applications |, 1 [y Developed by
* Three deposition runs, eight substrates/run % om NAWC and
+ Absorption measured on fused silica 2 2am AFRL for the
substrates. 3321 sites/sample, three z oy .
samples/run s o HEL JTO will
* All deposition parameters identical for allruns | 0 T—————"———"—""""""""""""""— be used for
1} 8 16 o) 2 L1l 43 o] .
Nb:0s/Si0; HR's Absorgtion (ppm) the Tactical
oLl h S A Average 6.7 ppm B_eam
g ® A IR absorption Director
s v R . I
g . | | Standard deviation 31% project. Dr.
X Goodman
£ . Demonstrated Excellent Process was a
i T Conftrol & Repeatability for ~440 participant.
[ ] 300 G0 oo g ] 0o {§ 1] 1200 1300 Hoa 1300 1800 1700 Measurements
Wavelength (nm)
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8 Fabrication and
0.080 . )
Cryogenic Testing
0.060 E— — of a Lightweighted
0049 7 ROC = 800.5 mm, Final Figure = 0.13V, 0.02d RMS. . CVC Si1 CE P
0.020 - No observablefigure change after 3 cycles to 200K and 1 cycle at 125K. —— Mirror for Dr. Dave
6.000 Change in bonding method (to prevent failure) resulted in changdiguire. Content showed
120 140 160 180 200 220 240 260 280 300 extreme figure
Temperature (K -
sSurface/Wavefront Map Stablllty for CryO‘
+0.0BR50 Mirrr Theal Cooldown Box tem peratu I‘e CyCI | n g
performed by
Raytheon SAS
\\ |
-0.13676 b' ,{lz/
e OD (%): 95| Aperture ID (%): ]
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§ CVC SiC Material Demonstrates High Performance in Cryogenic
Applications and Environments:
I Good performance is due to purity, uniformity and low residual stress

I 250mm Diameter Polished Mirrors:
i Optical Figure Performance tested down to 33 degrees Kelvin.
11 Optical Figure returns to original figure after cryogenic cycling.

Ambient Temperature Optical Figure Performance 33 Degree Kelvin Optical Figure Performance
RMS =4.27nm RMS = 16.6nm
PV =54.8nm PV =153nm
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