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gle Crystal Sili

> Thermal Management

The Pre-Eminent Material for Uncooled
Mirrors and Structures for Space Systems




' 'Advant'ages for Advanced
Aerospace Systems

The single crystal silicon mirrors and structures
supplied by McCarter Machine offer: |

» Thermal Management
* += hot and cold

» Load Strength

= design and fabrication

» Cost Efficiencies
= materials and processes

> Thermal
Management




" Optical Materials Data
THE USUAL PROPERTIES

Property* p E 5 E/p (p*/Ey? o k o'k w/D

Units glcm GPa Mpa Arbitrary  Arbitrary 104K Wim K 10" m/W s'm* K

Prefer Small Large Large Large Small Small Large Small Small

6061 Al 2.70 9 1] 5.34 22" 167 13.5 0.325
0-30 Be 1.85 7 : 1.4 ; 216 53 0.188
I-220 Be 1.85 : 1. y 216 53 0.188
5C5i 2.32 = ; . 156 1.6/ 0.027
5iC Sintered 3.15 480 2.76 ; 175 1.20 0.026
SiC CVC 3.20 466 433 2.66 . 205 1.56 0.032

5iC RB 30%5i 2.89 330 300 114 2.70 2.6 155 1.68 0.032

SUPERSIC-SiC 3.07 379 269 123 2.76 2.4 218 1.10 0.022

* p - density; E - Hastic modulus; s - Strength: tensile yield for Al & Be, floaral strength for Si & SiG Efp-
Spedific stiffness; {pP/EP# - Macs-deflection proportionality factor; o - Corff. of thermal expansion; k -
Thermal conductivity; o fk - Steady state thermal dist ertion coeff.; 0/D - Transent thesmal distoriion
coeff.

Current Available Data ]
Compiled#(2009) by Roger Paquin, Material Stabilization Scientist




- Thermal Management - Hot

SCSi will not distort during and after exposure to heat

» SCSi is the best available material for use in uncooled

laser optics due to its very low thermal dlstortlon Index
(SCSi =0.027)

= The thermal distortion index measures the distortion due to a
temperature gradient and is the ratio of the thermal coefficient of
expansion (SCSi = 2.6) to thermal conductivity of a material

*(SCSi = 156).

= For single crystal silicon this index is smaller than thatof a “zero
coefficient of expansion” material such as Schott Zerodur™

= Superior to Beryllium (Be = 0.188) and comparable to that of -
silicon carbide (SiC = 0.029)

= SCSi has no internal defects or second phases to.cause
distortions when heated, or cooled-




Thermal Manégement - Cold

SCSi cools rapidly which is useful in defense and space applications

» Seeker optics are often subjected to
cryogenic temperatures and must
reach equilibration in a matter of
minutes or less. With SCSi, a cooler
Is not required.

= SCSi’s very high thermal trahsport %J/;

McCarter's SCSi Lightweighted
*Mirror

means rapid cooling with minimal 4 S
transient gradients o

Zero-D single crystal homogeneity

SCSi’s low CTE and very low AL/L to

cryo temps combined with its McCarter 12.5 cm SILICON SPHERICAL MIRROR

: . W 100% (full) aperture
extremely high thermal conductivity
and diffusivity almost completely

eliminates the possibility of thermal
gradients and distortions at cryo ;

Tested at 70K~




Load Strength Design

The load strength of SCSi has as much to do with the design and
fabrication as it does with its inherent properties.

» The components must be able to support-loads
‘= with no permanent deformation within limits set by the error budget
= and certainly with no fracture.

» Selected strength properties

». The flexural strength
= the breaking strength in bending
= SCSi of >330 MPa competes with the average of all four SiC at 371MPa

> The mass-deflection proportionality factor, defined as (p3/E)1/2,

* = js a measure of deflection of a component with fixed mass. That is, when
comparing components with the same mass, the factor gives:the relative
deflections.

= 3.11 for SCSi competing with the average all four SiC pedigrees of SiC 2. 76. -

> DeS|gn issues
» Density
= SCSi = 2.33g/cm? which is 26% lighter than SiC at 3.15g/cm3
= Allows for thicker cross sections for comparable weight
> Stiffness

= Using McCarter’s frit bonding method, back sheets can be added to Iarge
mirrors to increase stiffness 4 to 5 times

= SCSi small mirrors are inherently stiff and do not require a back sheet




Load Strength - Fabrication
Load strength is affected by the fabrication methods used and the
associated material properties

» SCSi is a stress free material
= Extreme homogeneity, a single crystal
= Daily grown as Zero-Defect Material from multiple sources
> Fabricate to further'reduce possibility of thermal distortion
= Eliminate sub-surface damage using McCarter Superfinish
= Eliminate residual stress induced during manufacturing

» Using McCarter Proprietary Frlt Bondlng |t Is possible |
~ to build large, lightweight silicon mirrors that can be
Iaunched warm, and then cooled “on orblt .




8

> Single crystal silicon.is lower in cost than other IR materlals and is
much easier to fabricate.

= SCSi 2009 price $50/kg and
= machining rate 16x that of SiC

Cost Efficienéie‘s - Material

» Cooling capacity on space systems is limited and the thermal
properties of silicon minimizes the need for large, heavy, and
‘expensive cooling systems on orbit.

> 95% yield per boule

Zero-D SCSi Boule 6” McCarter Frit Bonded SCSi Mirror,




ost Efficiencies - Processes

» McCarter Superfinishing — Patented
' = Eliminates costly Sub Surface damage
= Prepares surface for SPDT without further processing, eg. lapping
» *McCarter Proprietary Frit,bonding — Proprietary

Eliminates the weight penalties associated with more conyventional
optical materials

Dampens vibration

Radiation resistant bond

Makes large and/or complex geometries possible
Enables direct mounting with metal inserts
Enables repair and rework *

Stable over the long-term

Frit bonded assemblies minimizes material and machlnlng time from_
machining a monolithic part

». No thermal processing required saving schedule days and
processing costs

» SCSi can be polished without cladding or platlng saving cost and
schedule. . a .




These characteristics are responsible for:

>

In Conclusion

The strength of SCSi n-wirror technology are derived from the unique

properties of SCSi. These are:

Extreme homogeneity
Absence of internal stress
Superior thermal properties

The ability to be diamond turned or polished without cladding for
optical or infrared applications.

Floor-to-floor advantage in shorter schedule, less cost, and rapld
component fabrication

Cryogenic performance
No detectable change in optical figure down to temperatures of 10K
Distortion by lightweighting is negligible for most appllcatlons (<1/40t

-wave RMS @ 633nm)

No need for cladding layer
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