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Abstract; The material properties and processing method of beryllium mirrors are reviewed and their applica-
tions and development are also proposed. Firstly, the material properties of beryllium mirrors widely used in
present and the current state-of-the-art of mirror substrate production, machining, grinding, nickel plating,
polishing are introduced. Then, the latest application of the beryllium and beryllium-aluminum in the JWST
(the James Webb Space Telescope) and the F-9120 high altitude dual band( EO/IR) tactical reconnaissance
sensor are given. Finally, the future developments and application of beryllium and beryllium-aluminum for
optical systems are discussed.
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Tab.1 Properties of beryllium grades commonly used for mirrors abroad

Property [-70H 0-30L S-200FH 1-220H AlBeMet® 162
Density/ (g + cm ™) 1.844 1.844 1.844 1.844 2.1
BeO content/% 0.7 max 0.3 max 1.5 max 2.2 max 0.3 max
Microyield/MPa 21 10 34 41 17.3
Flexural strength/MPa 207 248 275 226
Elastic modulus/GPa 303 303 303 303 196.5
Tensile strength/MPa 345 300 296 345 305
Fracture toughness/( Mpa - m~"?) 11.5 11 13.1
Thermal expansion/ ( ppm + K™") 11.4 11.4 11.5 11.5 13.9
Thermal conductivity/ (W + m~" - K) 216 204 216 216 212
Specific heat/(J - kg™' + K) 1.925 1.925 1.925 1.925 1.506
Recommended use condition Bare Bare EN EN EN
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Tab.2 Comparison of Be, SiC and Al mirrors processing

Beryllium Silicon Caebide Aluminum
Property ) CVSSiC or
Bare  EN clad Bare Si cald Bare  EN clad
CVDSIiC clad
Surface finish/nm <4 <0.5 <1.5(flat) <0.5 <0.5 <2 <0.5
Mechanical figure of merit( E/p) 164 135 28
Thermal stress( K/« « E) 63 155 99
Thermal figure of merit( K/a) 19 60 7
Wavelength of application IR All LWIR All All Vis All
Radiation tolerance Good Bad Promising Promising Promising Poor bad
Cost (200 mm asphere,70% LW ) 1.0 0.5 Source and quantity dependent 0.3 0.3
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Tab.3 Key imaging performance specifications of F-9120 sensor

Parameter

High altitude

Medium altitude ( optional )

Focal length(in)

F/#

Wavelength range ( m)

Instantaneous field of view( prad)

Detector max integration time/s

Image stabilization ( prad RMS)

120 visible

14. 8 visible

60 IR 10.9 IR
8.9 visible 6.0 visible
4.6 IR 4.6 IR

0.55 to 0.95 visible
3.0t05.0 IR
<3.0 visible <24 visible
<7.0 IR <37 IR
0.015

<0.5(Two-axis inertial ,roll and pitch)

R4 F-9120 EHEEN BB RERT EL

Tab.4 Comparison of representative properties of candidate materials used in the updated F-9120 sensor materials

Common support structure Optical ( mirror)
. Optical support structure materials
Material property and mirror materials materials

Composite'" Steel Ti® BeAl™ sic® Al® Be ULE

Modulus ( GPa) 172 193 110 193 331 69 303 68
Density (g » em ™) 1.578 8.027 4.429 2.076 2.906 2.713 1.854 2.214
Specific stiffness(E/p) 439 97 100 373 457 102 657 123
Thermal conductivi( W/m « K) 52 15.9 67 210 155 180 216 1.3
Specific heat(J/kg - K) 900 500 580 1 506 670 896 1925 767
Thermal expansion( ppm/K) 0.0 17.3 9.0 13.9 2.5 23.6 11.4 0.0
Fatigue strength( MPa) N/A 290 331 97 N/A 97 262 N/A
Microyield strength( MPa) N/A 300 150 21 -24 N/A 240 >28 N/A

# Note: (1) Epoxy Resin/Glass Fiber Composite, (2)6Al-4V Ti alloy, (3)AlBeMet® 162, Brush Wellman, (4 ) Reaction

Bounded 30% Si, (5) Aluminum Alloy 6016-T6,
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