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What is LUVOIR?
Large UV / Optical / Infrared Surveyor (LUVOIR)

A space telescope concept in tradition of Hubble

 Far-UV to Near-IR bandpass 

 Suite of imagers and spectrographs

 Serviceable and upgradable

 Time allocation following Hubble model: guest observer-
driven 
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LUVOIR-A

15-m, on-axis telescope
 120 segments, 1.223-m flat-to-flat
 155 m2 collecting area

Four instruments
 Extreme Coronagraph for Living 

Planetary Systems (ECLIPS)
 LUVOIR UV Multi-object 

Spectrograph (LUMOS)
 High Definition Imager (HDI)
 Pollux (CNES-contributed 

instrument design)
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LUVOIR-B

8-m, off-axis telescope
 55 segments, 0.955-m flat-to-flat
 43.4 m2 collecting area

Three instruments
 Extreme Coronagraph for Living 

Planetary Systems (ECLIPS)
 LUVOIR UV Multi-object 

Spectrograph (LUMOS)
 High Definition Imager (HDI)
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The LUVOIR Mission

Launch in 2039 aboard an SLS Block 1B/2
 SpaceX Starship and Blue Origin New Glenn 

are viable alternatives

5-year primary mission, designed to be 
serviceable for a 25+ year lifetime

Operate in Sun-Earth L2 orbit

Space Astrophysics Landscape for the 2020s & Beyond: LUVOIR 5
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we’re at AbSciCon…



NASA EPIC/DSCOVR

Imagine seeing other Earths…

NASA EPIC/DSCOVR
8
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how common are habitable planets?
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how common are inhabited planets?



LUVOIR A
૞૝ି૜૝

ା૟૚
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54 exoEarth candidates guarantees seeing at least one 
planet with life at 95% confidence if the frequency of 
inhabited planets is 5% of candidates

Exo-Earth Candidate Yields

LUVOIR B

૛ૡି૚ૠ
ା૜૙

Chris Stark (STScI)
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Exo-Earth Candidate Yields
LUVOIR A
૞૝ି૜૝

ା૟૚

LUVOIR B

૛ૡି૚ૠ
ା૜૙

28 exoEarth candidates guarantees seeing at least one 
planet with life at 95% confidence if the frequency of 
inhabited planets is 10% of candidates

Chris Stark (STScI)
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LUVOIR will tell us how rare life is.



Image by M. Turnbull
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vegetation

carbon dioxide

methane

oxygen 
and ozone water 

vapor

optical near
infrared

wavelength
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Image by M. Turnbull
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vegetation

carbon dioxide

methane

oxygen 
and ozone water 

vapor

optical near
infrared

wavelength

gas concentrations

atmospheric context 
+ stellar flux  

atmospheric models

gas production rates

production rates that cannot be explained by 

abiotic processes point to biology



Earth spectrum 

Credit: T. Robinson / G. Arney
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wavelength [μm]

Distance = 7 pc
Ttelescope = 270 K
Time = 35 / 120 hours per bandpass (LUVOIR-A/B) 
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earth’s history (millions of years ago)
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Proterozoic Earth (2.5 - .5 billion years ago)
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wavelength [μm]

Distance = 7 pc
Ttelescope = 270 K
Time = 35 / 120 hours per bandpass (LUVOIR-A/B) 



Archean Earth (3.8 – 2.5 billion years ago)
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wavelength [μm]

Distance = 7 pc
Ttelescope = 270 K
Time = 35 / 120 hours per bandpass (LUVOIR-A/B) 
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LUVOIR can put planetary systems into context



Imagine knowing the full diversity of worlds…

Credit: C Stark  
0

50

100

150

200

250

# 
of

 D
et

ec
te

d 
Pl

an
et

s

            



23

what about transiting planets?



24Big Bang to Biosignatures: The LUVOIR Mission Concept

Sing et al. 2016

Credit: Eric Lopez

LUVOIR
1 transit
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can you do this from the ground?
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Ground: 
Transits of M dwarf planets
Direct imaging of M dwarf planets

Space: 
Transits of M dwarf planets

Direct imaging of nearby M dwarf planets
Direct imaging of FGK dwarf planets
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okay, but is this actually feasible?



No previous strategic missions submitted to a Decadal Survey 
have been studied in as much detail

28

Mission Implementation Schedule Master Equipment Lists (MELs)

MASTER EQUIPMENT LIST (MEL)

LEVEL UNIT MASS

Subassembly / Component
Unit Mass 

[kg] 
(CBE)

Cold 
Units

Hot 
Units

Flight
Units 

Flight 
Spares

ETU / 
Qual 
Unit

EM / 
EDU /  
Proto-
type

Total Mass 
[kg] (CBE)

Contin-
gency [%]

Total Mass 
[kg] w/ 
Contgcy 
(MEV)

Unit Power 
[W] 

(CBE)

TOTAL FLIGHT HARDWARE

1 Optical Telescope Assembly-A 18498.274 0 1 1 18498.274 24% 24268.857 9562.712

2 Primary Mirror 10273.981 0 1 1 10273.981 21% 13008.302 3366.960

3 Primary Mirror Segment Assembly (PMSA) 
Prescription A

60.860 0 6 6 365.158 19% 451.845 28.058

4 Mirror Segment Substrate (Prescription A) 24.721 0 1 1 24.721 20% 30.901

4 Edge Sensor Sub-Assembly 0.006 0 6 6 0.036 30% 0.051 0.000

5 Edge Sensor Capacitive Plate 0.003 0 1 1 0.003 30% 0.004

5 Edge Sensor Capacitive Plate Mount 0.003 0 1 1 0.003 30% 0.004

4 PMSA Support and Actuation System 26.054 0 1 1 26.054 19% 32.124 0.000

5 Composite Flexure (Interface to substrate) 0.000 0 18 18 0.001 20% 0.002

5 Invar Puck 0.716 0 3 3 2.149 20% 2.686

5 Composite Blade Flexure 0.062 0 3 3 0.185 20% 0.231

5 Heater Plate Assembly 6.764 0 1 1 6.764 20% 8.454 0.000

6 Diffuser Plate 3.015 0 1 1 3.015 20% 3.769

6 Diffuser Plate Flexures 0.035 0 3 3 0.104 20% 0.130

6 Heater Plate 3.515 0 1 1 3.515 20% 4.394

6 Heater Plate Flexures 0.043 0 3 3 0.129 20% 0.161

5 Bipod Actuator Sub-Assembly 2.350 0 3 3 7.050 16% 8.370 0.000

6 Bipod Actuator 2.250 0 1 1 2.250 15% 2.647 0.000

6 Piezoelectric Actuator 0.050 0 2 2 0.100 30% 0.143

5 Delta Frame Sub-Assembly 9.905 0 1 1 9.905 20% 12.382 0.000

6 Delta Frame 8.681 0 1 1 8.681 20% 10.852

6 Flexure (Delta Frame to PMBSS) 0.240 0 3 3 0.720 20% 0.900

6 Primary Mirror Segment Snubbers 0.168 0 3 3 0.504 20% 0.630

4 PMSA Thermal System 0.827 0 1 1 0.827 20% 1.034 18.058

5 Thermal Strap (MSCE to Heater Plate) 0.460 0 1 1 0.460 20% 0.575

5 Temperature Sensors for Heater Plate Control 0.000 4 4 8 0.002 15% 0.003

5 Temperature Sensors for Heater Plate Telemetry 0.000 4 4 8 0.002 15% 0.003

5 PMSA Heaters 0.014 0 4 4 0.056 20% 0.070 4.515

5 Paint 0.047 0 1 1 0.047 20% 0.059

5 Epoxy and Adhesive 0.050 0 1 1 0.050 20% 0.063

5 Indium Foil 0.001 0 1 1 0.001 20% 0.001

5 Aluminum Foil Tape 0.208 0 1 1 0.208 20% 0.260

The power cases listed here do not necessarily occur simultaneously.  Please refer to the electrical presentation and the 

NAME (Mission or Payload Name) FLIGHT HARDWARE MASS NOMINAL FLIGHT HARDWARE POWER# OF UNITS

LEVEL
UNIT 
MASS

QUIESCENT Basis of Estimate

Subassembly / Component
Unit Mass 

[kg] 
(CBE)

Cold 
Units

Hot 
Units

Flight
Units 

Flight 
Spares

ETU / 
Qual 
Unit

EM / 
EDU /  
Proto-
type

Total 
Mass [kg] 

(CBE)

Contin-
gency [%]

Total Mass 
[kg] w/ 
Contgcy 
(MEV)

Unit Power 
[W] 

(CBE)

Total 
Power [W] 

(CBE)

Contin-
gency [%]

Total 
Power [W] 
w/ Contgcy 

(MEV)

Unit Power 
[W] 

(CBE)

Total 
Power [W] 

(CBE)

Contin-
gency [%]

Total 
Power [W] 
w/ Contgcy 

(MEV)

Total Power [W] 
(CBE)

Modeled (C),
Eng. Judgement 

(EJ),
Weighted (W),
Cus tomer Input 

(CI)

Quoted
Unit 
Price
($K)

Composition

ADDITIONAL INFORMATION 
(As  applicable:  Vendor, make, model, 

part #, volume, quote information, 
notation of identical items, ins trument / 

component characteristics , ETU 
approach...)

TECHNOLOGY
READINESS

LEVEL 
(TRL)

End of FY19

TECHNOLOGY
READINESS

LEVEL 
(TRL)

Mission PDR

Heritage Discipline

TOTAL FLIGHT HARDWARE

1
Extreme Coronagraph for Living Planetary Sys tems-
A

675.131 0 1 1 675.131 30% 964.474 1309.338 1309.338 40% 2182.230 1358.122 1358.122 40% 2263.537

2 Non-Optical Structure 52.157 0 1 1 52.157 30% 74.511 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

3 Interface Bench Assembly 21.188 0 1 1 21.188 30% 30.269 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 Interface Bench 17.806 0 1 1 17.806 30% 25.437 0.000 40% 0.000 0.000 40% 0.000 C Al, M55J M55J Panels, Al Honeycomb Core 7 7 Mechanical

4 Gus sets 1.558 0 2 2 3.116 30% 4.452 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

4 Gus set Flexures 0.133 0 2 2 0.265 30% 0.379 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 Molecular Abs orber Coating (MAC) 0.041 0 1 1 0.041 30% 0.059 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000 EJ
Zeolite, Silicate-
based binders

Density of 0.10 g/in3; average thicknes s 
of 0.0055 in, over 7.5e4 in2 area.

5 6 Contamination

3 Servicing Hardware Asembly 22.128 0 1 1 22.128 30% 31.612 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 Servicing Rails 6.507 0 2 2 13.014 30% 18.592 0.000 40% 0.000 0.000 40% 0.000 EJ Ti
Assumes  1" diameter passive rails  on the 
instrument.

6 6 Mechanical

4 Servicing Electrical Connectors 4.500 0 1 1 4.500 30% 6.429 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Au 6 6
Electro-

mechanical

4 Actuator, Electrical Connector Mating 1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
CRES, Cu, 
Magnets

Assumes  actuator power comes from the 
servicer.

6 6
Electro-

mechanical
4 A Latch 1.393 0 1 1 1.393 30% 1.990 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 B Latch with Flexure 0.943 0 1 1 0.943 30% 1.347 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 C Latch with Flexure 1.278 0 1 1 1.278 30% 1.826 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

3 Purge Hardware 8.800 0 1 1 8.800 30% 12.571 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 Manifold 2.640 0 1 1 2.640 30% 3.771 0.000 40% 0.000 0.000 40% 0.000 EJ Stainless Steel 7 7 Contamination

4 Tubing 5.280 0 1 1 5.280 30% 7.543 0.000 40% 0.000 0.000 40% 0.000 EJ Stainless Steel 7 7 Contamination

4 Connectors 0.880 0 1 1 0.880 30% 1.257 0.000 40% 0.000 0.000 40% 0.000 EJ Stainless Steel 7 7 Contamination

2 Pre-Optics Assembly 6.754 0 1 1 6.754 30% 9.649 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

3 Pre-Optics Support Structure 5.000 0 1 1 5.000 30% 7.143 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

3 Pupil Relay Mirror 1 Assembly 0.502 0 1 1 0.502 30% 0.717 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 Pupil Relay Mirror 1 0.002 0 1 1 0.002 30% 0.003 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 Pupil Relay Mirror 1 Mount 0.500 0 1 1 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

3 Pupil Relay Mirror 2 Assembly 0.588 0 1 1 0.588 30% 0.840 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 Pupil Relay Mirror 2 0.088 0 1 1 0.088 30% 0.126 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 Pupil Relay Mirror 2 Mount 0.500 0 1 1 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

3 Fold Mirror 1 Assembly 0.664 0 1 1 0.664 30% 0.949 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 Fold Mirror 1 0.164 0 1 1 0.164 30% 0.234 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 Fold Mirror 1 Mount 0.500 0 1 1 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

2 Ultraviolet Channel 122.079 0 1 1 122.079 30% 174.399 207.128 207.128 40% 345.213 209.760 209.760 40% 349.599

3 UV Optical Bench Assembly 58.807 0 1 1 58.807 30% 84.009 0.000 40% 0.000 0.000 40% 0.000

4 Optical Bench 31.002 0 1 1 31.002 30% 44.289 0.000 40% 0.000 0.000 40% 0.000 C Al, M55J M55J Panels, Al Honeycomb Core 7 7 Mechanical

4 270 K Zone Blanket Tent Posts 2.000 0 10 10 20.000 30% 28.571 0.000 40% 0.000 0.000 40% 0.000 EJ Al
Mounted to both sides of bench to 
support UV & VIS channel MLI closout.

7 7 Mechanical

4 Central Support Cylinder 3.689 0 1 1 3.689 30% 5.271 0.000 40% 0.000 0.000 40% 0.000 C Ti 7 7 Mechanical

4 Support Struts 1.555 0 2 2 3.109 30% 4.442 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

4 Support Strut Mounts 0.503 0 2 2 1.006 30% 1.437 0.000 40% 0.000 0.000 40% 0.000 C Ti 7 7 Mechanical

3 UV/VIS Dichroic Assembly 0.495 0 1 1 0.495 30% 0.707 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 UV/VIS Dichroic 0.211 0 1 1 0.211 30% 0.301 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 6 6 Optics

4 Dichroic Mount 0.284 0 1 1 0.284 30% 0.406 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Deformable Mirror Assemblies 2.114 0 2 2 4.229 30% 6.041 100.000 200.000 40% 333.333 100.000 200.000 40% 333.333

4 UV Deformable Mirror 2.000 0 1 1 2.000 30% 2.857 100.000 100.000 40% 166.667 100.000 100.000 40% 166.667 EJ

5% electro-
mech., 75% 

electrical, 20% 
mechanical

Bas ed on Boston Micromachines 4K-DM, 
scaled up by 2x in each dimens ion.  
Shares  NRE with VIS & NIR DMs (only 
difference is f ront surface coating).

4 6
Electro-

mechanical

4 UV Deformable Mirror Mount 0.114 0 1 1 0.114 30% 0.163 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Off-axis Parabola 1 Assembly 0.245 0 1 1 0.245 30% 0.350 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 UV Off-axis Parabola 1 0.078 0 1 1 0.078 30% 0.112 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 UV Off-axis Parabola 1 Mount 0.167 0 1 1 0.167 30% 0.239 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Fold Mirror 1 Assembly 0.144 0 1 1 0.144 30% 0.205 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 UV Fold Mirror 1 0.019 0 1 1 0.019 30% 0.028 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 UV Fold Mirror 1 Mount 0.124 0 1 1 0.124 30% 0.178 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Off-axis Parabola 2 Assembly 0.567 0 1 1 0.567 30% 0.811 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 UV Off-axis Parabola 2 0.378 0 1 1 0.378 30% 0.540 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 UV Off-axis Parabola 2 Mount 0.189 0 1 1 0.189 30% 0.270 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Apodizing Mask Wheel Assembly 8.957 0 1 1 8.957 30% 12.795 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877
NRE with VIS & NIR Apodizing Mask 
Assy. Same mechanism, different 
element count.

4 Roll  Flexures, 1 DOF 0.090 0 2 2 0.180 30% 0.257 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 Plate Flexures, 3 DOF 0.240 0 1 1 0.240 30% 0.343 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 UV Apodizer Wheel Mechanism Sub-Assembly 1.160 0 1 1 1.160 30% 1.657 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877

5 UV Apodizer Wheel Selection Mechanism 0.840 0 1 1 0.840 30% 1.200 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

6 Permanent Magnets 0.010 0 30 30 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical

6 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7
Electro-

mechanical

6 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6
Electro-

mechanical

6 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ
LED, Cu, Optical 

Sensor
6 6

Electro-
mechanical

5 UV Apodizer Positioner Mechanism 0.320 0 1 1 0.320 30% 0.457 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

6 Launch Lock 0.070 0 1 1 0.070 30% 0.100 0.000 40% 0.000 0.000 40% 0.000 W CRES, Fuse Wire NEA Model 9100 9 9
Electro-

mechanical

4 UV Apodizing Mask Optical Assembly 7.377 0 1 1 7.377 30% 10.538 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 UV Apodizing Mask Wheel 4.742 0 1 1 4.742 30% 6.774 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 UV Apodizing Mask Wheel Roll  Carriage 0.196 0 1 1 0.196 30% 0.280 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 UV Apodizing Mask Retaining Rings 0.207 0 4 4 0.827 30% 1.181 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 UV Apodizing Masks 0.378 0 4 4 1.512 30% 2.160 0.000 40% 0.000 0.000 40% 0.000 C ULE
Three masks , each with a unique pattern 
etched on front surface.

5 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 UV Off-axis Parabola 3 Assembly 0.559 0 1 1 0.559 30% 0.799 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 UV Off-axis Parabola 3 0.378 0 1 1 0.378 30% 0.540 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 UV Off-axis Parabola 3 Mount 0.181 0 1 1 0.181 30% 0.259 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Focal Plane Mask Wheel Assembly 5.651 0 1 1 5.651 30% 8.072 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877
NRE with VIS & NIR Focal Plane Mask 
Assy. Same mechanism, different 
element count.

4 UV Focal Plane Mask Wheel Baffle 0.500 0 1 1 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

4 UV Focal Plane Mask Wheel Housing 3.000 0 1 1 3.000 30% 4.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 Structural Flexures 0.100 0 3 3 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 Launch Lock 0.070 0 1 1 0.070 30% 0.100 0.000 40% 0.000 0.000 40% 0.000 W CRES, Fuse Wire NEA Model 9100 9 9
Electro-

mechanical

4 UV Focal Plane Mask Selection Mechanism 0.350 0 1 1 0.350 30% 0.500 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical
5 Detent Dis c & Arm 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Al 6 6

Electro-
mechanical

4 UV Focal Plane Mask Positioner Mechanism 0.650 0 1 1 0.650 30% 0.929 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Flexure 0.100 0 2 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 Flexure Housing 0.200 0 1 1 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 UV Focal Plane Mask Optical Assembly 0.781 0 1 1 0.781 30% 1.115 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.360 0 1 1 0.360 30% 0.514 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 Retaining Rings 0.020 0 16 16 0.320 30% 0.457 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 Focal Plane Mas ks 0.000 0 16 16 0.001 30% 0.001 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 16 unique mas ks 5 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 UV Off-axis Parabola 4 Assembly 0.118 0 1 1 0.118 30% 0.168 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 UV Off-axis Parabola 4 0.008 0 1 1 0.008 30% 0.011 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 UV Off-axis Parabola 4 Mount 0.110 0 1 1 0.110 30% 0.157 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Lyot Stop Wheel Assembly 4.033 0 1 1 4.033 30% 5.761 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439
NRE with VIS & NIR Lyot Mask Assy. 
Same mechanism, different element 

4 Lyot Stop Wheel Housing 1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 Structural Flexures 0.060 0 5 5 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 UV Lyot Stop Wheel Selection Mechanism 2.390 0 1 1 2.390 30% 3.414 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Permanent Magnets 0.070 0 25 25 1.750 30% 2.500 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical

5 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7
Electro-

mechanical

5 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6
Electro-

mechanical

5 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ
LED, Cu, Optical 

Sensor
6 6

Electro-
mechanical

5 Detent Dis c & Arm 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Al 6 6 Electro-
mechanical

4 UV Lyot Stop Optical Assembly 0.343 0 1 1 0.343 30% 0.490 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.211 0 1 1 0.211 30% 0.302 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Retaining Rings 0.015 0 2 2 0.029 30% 0.042 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Lyot Stop Masks 0.001 0 2 2 0.002 30% 0.003 0.000 40% 0.000 0.000 40% 0.000 C Al Two unique masks. 6 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 UV Selectable Optical Filter Assembly (SOFA) 19.860 0 1 1 19.860 30% 28.371 0.000 0.000 40% 0.000 1.053 1.053 40% 1.754
NRE with VIS & NIR SOFA. Same 
mechanism, different element count.

4 UV Selectrable Optical Fi lter As sembly Mount 2.297 0 1 1 2.297 30% 3.281 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 UV Selectrable Optical Fi lter As sembly Hous ing 6.659 0 1 1 6.659 30% 9.513 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4
UV Selectable Optical Filter Assembly Selection 
Mechanism

2.290 0 4 4 9.160 30% 13.086 0.000 0.000 40% 0.000 0.263 1.053 40% 1.754

5 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Permanent Magnets 0.070 0 25 25 1.750 30% 2.500 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical
5 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7

Electro-

mechanical
5 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6

Electro-
mechanical

5 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ
LED, Cu, Optical 

Sensor
6 6

Electro-
mechanical

4 UV Selectable Optical Filter Disc Assembly 0.436 0 4 4 1.744 30% 2.492 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.274 0 1 1 0.274 30% 0.391 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Retaining Rings 0.005 0 5 5 0.023 30% 0.033 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Spectral Fi lters 0.008 0 5 5 0.039 30% 0.056 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica
5 identical glass substrates (20 total in 4 
discs), each with unique dielectric filter 
coatings

6 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 UV Image Relay Mirror 1 Assembly 0.116 0 1 1 0.116 30% 0.166 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 UV Image Relay Mirror 1 0.008 0 1 1 0.008 30% 0.011 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 UV Image Relay Mirror 1 Mount 0.108 0 1 1 0.108 30% 0.155 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Image Relay Mirror 2 Assembly 0.063 0 1 1 0.063 30% 0.091 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 UV Image Relay Mirror 2 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 UV Image Relay Mirror 2 Mount 0.063 0 1 1 0.063 30% 0.090 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 UV Focal Plane Assembly 9.476 0 1 1 9.476 30% 13.538 3.564 3.564 40% 5.940 3.827 3.827 40% 6.379

4 UV Focal Plane Enclosure 7.338 0 1 1 7.338 30% 10.483 0.000 40% 0.000 0.000 40% 0.000 C Ta 6 6 Mechanical

4 UV Focal Plane Thermal Isolation Flexures 0.200 0 3 3 0.600 30% 0.857 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 UV Focal Plane Mounting Plate 0.080 0 1 1 0.080 30% 0.114 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 UV Focal Plane Sensor Chip Assembly 0.148 0 1 1 0.148 30% 0.212 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107

5 EMCCD e2v CCD 201-20, 1k x 1k 0.100 0 1 1 0.100 30% 0.143 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107 EJ Si, Alumina Base
Active detector mas s is 0.7 grams. Us e 
standard E2V UV Enhanced Coating

4 6 Detectors

5 Ribbon Cable 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 EJ
Ribbon Cable (24 

awg)
7 7 Electrical

4 UV Focal Plane Assembly Front End Electronics 0.500 0 1 1 0.500 30% 0.714 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833

5 Front-end Electronics  PCB 0.300 0 1 1 0.300 30% 0.429 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833 EJ
55% Analog, 45% 

Digital
1 output; 1 FPGA, 1 unique algorithm. NRE 
with VIS-Imager FEE

4 6 Electrical

5 Front-end Electronics  Hous ing 0.200 0 1 1 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4
UV Focal Plane Assembly Focus Adjust 
Mechanism

0.810 0 1 1 0.810 30% 1.158 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox 0.200 0 1 1 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical
5 Differential Lead Screw & 2 Nuts 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6

Electro-

mechanical
5 Flexures 0.100 0 5 5 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 UV Image Fold Mirror Mounting Pos t 0.010 0 1 1 0.010 30% 0.014 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 UV Image Fold Mirror 2 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

3 UV Low-order Wavefront Sensor Assembly 8.759 0 1 1 8.759 30% 12.514 3.564 3.564 40% 5.940 3.564 3.564 40% 5.940

4 UV LOWFS Relay Mirror 1 Sub-assembly 0.063 0 1 1 0.063 30% 0.090 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 UV LOWFS Relay Mirror 1 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

5 UV LOWFS Relay Mirror 1 Mount 0.063 0 1 1 0.063 30% 0.090 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

4 UV LOWFS Focal Plane Assembly 8.696 0 1 1 8.696 30% 12.423 3.564 3.564 40% 5.940 3.564 3.564 40% 5.940

5 UV LOWFS Focal Plane Enclosure 7.338 0 1 1 7.338 30% 10.483 0.000 40% 0.000 0.000 40% 0.000 EJ Ta 6 6 Mechanical

5 UV LOWFS Focal Plane Thermal Isolation Flexures 0.200 0 3 3 0.600 30% 0.857 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 UV LOWFS Focal Plane Mounting Plate 0.080 0 1 1 0.080 30% 0.114 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 UV LOWFS Focal Plane Sensor Chip Assembly 0.178 0 1 1 0.178 30% 0.254 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107

6 UV LOWFS Pre-amp Board 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ 100% Analog 4 6 Electrical

6 e2V CCD 57-10 Frame Transfer Sensor 0.080 0 1 1 0.080 30% 0.114 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107 EJ Si, Alumina Base
Detector active area is  0.200 grams.  Use 
standard E2V UV Enhanced Coating

4 6 Detectors

6 Ribbon Cable 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 EJ
Ribbon Cable (24 

awg)
7 7 Electrical

5 UV LOWFS Focal Plane Front-end Electronics 0.500 0 1 1 0.500 30% 0.714 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833

6 Front-end Electronics  PCB 0.300 0 1 1 0.300 30% 0.429 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833 EJ
55% Analog, 45% 

Digital
1 output; 1 FPGA, 1 unique algorithm. NRE 
with VIS LOWFS FEE

4 6 Electrical

6 Front-end Electronics  Hous ing 0.200 0 1 1 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

2 Visible Channel 158.712 0 1 1 158.712 30% 226.732 210.692 210.692 40% 351.153 214.113 214.113 40% 356.855

3 VIS/NIR Dichroic Assembly 0.505 0 1 1 0.505 30% 0.721 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS/NIR Dichroic 0.211 0 1 1 0.211 30% 0.301 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 6 6 Optics

4 Dichroic Mount 0.294 0 1 1 0.294 30% 0.420 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Deformable Mirror Assemblies 2.114 0 2 2 4.229 30% 6.041 100.000 200.000 40% 333.333 100.000 200.000 40% 333.333

4 VIS Deformable Mirror 2.000 0 1 1 2.000 30% 2.857 100.000 100.000 40% 166.667 100.000 100.000 40% 166.667 EJ

5% electro-

mech., 75% 
electrical, 20% 

mechanical

Bas ed on Boston Micromachines 4K-DM, 

scaled up by 2x in each dimens ion.  
Shares  NRE with UV & NIR DMs (only 
difference is f ront surface coating).

4 6 Electro-
mechanical

4 VIS Deformable Mirror Mount 0.114 0 1 1 0.114 30% 0.163 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Off-axis Parabola 1 Assembly 0.245 0 1 1 0.245 30% 0.350 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS Off-axis Parabola 1 0.078 0 1 1 0.078 30% 0.112 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS Off-axis Parabola 1 Mount 0.167 0 1 1 0.167 30% 0.239 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Fold Mirror 1 Assembly 0.131 0 1 1 0.131 30% 0.187 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS Fold Mirror 1 0.007 0 1 1 0.007 30% 0.010 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS Fold Mirror 1 Mount 0.124 0 1 1 0.124 30% 0.178 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Off-axis Parabola 2 Assembly 0.567 0 1 1 0.567 30% 0.811 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS Off-axis Parabola 2 0.378 0 1 1 0.378 30% 0.540 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS Off-axis Parabola 2 Mount 0.189 0 1 1 0.189 30% 0.270 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Apodizing Mask Wheel Assembly 21.518 0 1 1 21.518 30% 30.740 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877
NRE with UV & NIR Apodizing Mask 
Assy. Same mechanism, different 
element count.

4 Roll  Flexures, 1 DOF 0.090 0 2 2 0.180 30% 0.257 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 Plate Flexures, 3 DOF 0.240 0 1 1 0.240 30% 0.343 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 VIS Apodizer Wheel Mechanism Sub-Assembly 1.160 0 1 1 1.160 30% 1.657 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877

5 VIS Apodizer Wheel Selection Mechanism 0.840 0 1 1 0.840 30% 1.200 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6 Electro-
mechanical

6 Permanent Magnets 0.010 0 30 30 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical

6 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7
Electro-

mechanical

6 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6
Electro-

mechanical

6 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ
LED, Cu, Optical 

Sensor
6 6

Electro-
mechanical

5 VIS Apodizer Positioner Mechanism 0.320 0 1 1 0.320 30% 0.457 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

6 Launch Lock 0.070 0 1 1 0.070 30% 0.100 0.000 40% 0.000 0.000 40% 0.000 W CRES, Fuse Wire NEA Model 9100 9 9
Electro-

mechanical

4 VIS Apodizing Mask Optical Assembly 19.938 0 1 1 19.938 30% 28.483 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 VIS Apodizing Mas k Wheel 7.504 0 1 1 7.504 30% 10.721 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 VIS Apodizing Mas k Wheel Roll Carriage 8.826 0 1 1 8.826 30% 12.608 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 VIS Apodizing Mas k Retaining Rings 0.207 0 6 6 1.240 30% 1.771 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 VIS Apodizing Mas ks 0.378 0 6 6 2.268 30% 3.240 0.000 40% 0.000 0.000 40% 0.000 C ULE
Six masks, each with a unique pattern 

etched on front surface.
5 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 VIS Off-axis Parabola 3 Assembly 0.579 0 1 1 0.579 30% 0.827 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS Off-axis Parabola 3 0.378 0 1 1 0.378 30% 0.540 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS Off-axis Parabola 3 Mount 0.201 0 1 1 0.201 30% 0.287 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Focal Plane Mask Wheel Assembly 6.092 0 1 1 6.092 30% 8.702 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877
NRE with UV & NIR Focal Plane Mask 
Assy. Same mechanism, different 
element count.

4 VIS Focal Plane Mask Wheel Baffle 0.500 0 1 1 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

4 VIS Focal Plane Mask Wheel Housing 3.000 0 1 1 3.000 30% 4.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 Structural Flexures 0.100 0 3 3 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 Launch Lock 0.070 0 1 1 0.070 30% 0.100 0.000 40% 0.000 0.000 40% 0.000 W CRES, Fuse Wire NEA Model 9100 9 9
Electro-

mechanical

4 VIS Focal Plane Mask Selection Mechanism 0.350 0 1 1 0.350 30% 0.500 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Detent Dis c & Arm 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Al 6 6
Electro-

mechanical

4 VIS Focal Plane Mask Positioner Mechanism 0.650 0 1 1 0.650 30% 0.929 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 

10W / motor; 38 motors  total.
6 6

Electro-

mechanical
5 Flexure 0.100 0 2 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 Flexure Housing 0.200 0 1 1 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 VIS Focal Plane Mask Optical Assembly 1.222 0 1 1 1.222 30% 1.745 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.360 0 1 1 0.360 30% 0.514 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 Retaining Rings 0.020 0 38 38 0.760 30% 1.086 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 Focal Plane Mas ks 0.000 0 38 38 0.002 30% 0.002 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 38 unique mas ks 5 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 VIS Off-axis Parabola 4 Assembly 0.084 0 1 1 0.084 30% 0.119 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS Off-axis Parabola 4 0.008 0 1 1 0.008 30% 0.011 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS Off-axis Parabola 4 Mount 0.076 0 1 1 0.076 30% 0.108 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Lyot Stop Wheel Assembly 4.049 0 1 1 4.049 30% 5.784 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 NRE with UV & NIR Lyot Mask Assy. 
Same mechanism, different element 

4 Lyot Stop Wheel Housing 1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 Structural Flexures 0.060 0 5 5 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 VIS Lyot Stop Wheel Selection Mechanism 2.390 0 1 1 2.390 30% 3.414 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Permanent Magnets 0.070 0 25 25 1.750 30% 2.500 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical

5 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7
Electro-

mechanical

5 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6
Electro-

mechanical

5 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ
LED, Cu, Optical 

Sensor
6 6

Electro-
mechanical

5 Detent Dis c & Arm 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Al 6 6
Electro-

mechanical

4 VIS Lyot Stop Optical Assembly 0.359 0 1 1 0.359 30% 0.513 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.211 0 1 1 0.211 30% 0.302 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Retaining Rings 0.015 0 3 3 0.044 30% 0.063 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Lyot Stop Masks 0.001 0 3 3 0.003 30% 0.005 0.000 40% 0.000 0.000 40% 0.000 C Al Three unique mas ks. 6 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 VIS Selectable Optical Filter Assembly 22.831 0 1 1 22.831 30% 32.616 0.000 0.000 40% 0.000 1.316 1.316 40% 2.193
NRE with UV & NIR SOFA. Same 
mechanism, different element count.

4 VIS Selectrable Optical Filter Assembly Mount 2.271 0 1 1 2.271 30% 3.245 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 VIS Selectrable Optical Filter Assembly Housing 6.805 0 1 1 6.805 30% 9.722 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4
VIS Selectable Optical Filter Assembly Selection 
Mechanism

2.290 0 5 5 11.450 30% 16.357 0.000 0.000 40% 0.000 0.263 1.316 40% 2.193

5 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Permanent Magnets 0.070 0 25 25 1.750 30% 2.500 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical

5 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7
Electro-

mechanical

5 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6
Electro-

mechanical
5 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ LED, Cu, Optical 

Sensor
6 6 Electro-

mechanical
4 VIS Selectable Optical Filter Disc Assembly 0.461 0 5 5 2.305 30% 3.292 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.274 0 1 1 0.274 30% 0.391 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Retaining Rings 0.005 0 7 7 0.032 30% 0.046 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Spectral Fi lters 0.008 0 7 7 0.055 30% 0.078 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica
7 identical glass substrates (35 total in 5 
discs), each with unique dielectric filter 
coatings

6 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 VIS Imager Flip-in Mirror Assembly 0.768 0 1 1 0.768 30% 1.098 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

4 Hous ing 0.132 0 1 1 0.132 30% 0.189 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

4 Kinematic Mount Sys tem 0.080 0 3 3 0.240 30% 0.343 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7 Mechanical

4 VIS Imager Flip-in Mirror Optical Sub-Assembly 0.056 0 1 1 0.056 30% 0.080 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 VIS Imager Flip- in Mirror 0.008 0 1 1 0.008 30% 0.011 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

5 VIS Imager Flip- in Mirror Mount 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 VIS Imager Flip-in Mirror Mechanism 0.340 0 1 1 0.340 30% 0.486 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Crankarm 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ Al 6 6
Electro-

mechanical
5 Link 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ Al 6 6

Electro-
mechanical

5 Bearings 0.020 0 6 6 0.120 30% 0.171 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical

5 Microswitches 0.010 0 2 2 0.020 30% 0.029 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical

3 VIS Image Relay Mirror 1 Assembly 0.101 0 1 1 0.101 30% 0.145 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS Image Relay Mirror 1 0.008 0 1 1 0.008 30% 0.011 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS Image Relay Mirror 1 Mount 0.093 0 1 1 0.093 30% 0.134 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Image Relay Mirror 2 Assembly 0.042 0 1 1 0.042 30% 0.060 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS Image Relay Mirror 2 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS Image Relay Mirror 2 Mount 0.041 0 1 1 0.041 30% 0.059 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS Imager Focal Plane Assembly 9.425 0 1 1 9.425 30% 13.465 3.564 3.564 40% 5.940 3.827 3.827 40% 6.379

4 VIS Imager Focal Plane Enclosure 7.287 0 1 1 7.287 30% 10.410 0.000 40% 0.000 0.000 40% 0.000 C Ta 6 6 Mechanical

4 VIS Imager Focal Plane Thermal Isolation Flexures 0.200 0 3 3 0.600 30% 0.857 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 VIS Imager Focal Plane Mounting Plate 0.080 0 1 1 0.080 30% 0.114 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 VIS Imager Focal Plane Sensor Chip Assembly 0.148 0 1 1 0.148 30% 0.212 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107

5 EMCCD e2v CCD 201-20, 1k x 1k 0.100 0 1 1 0.100 30% 0.143 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107 EJ Si, Alumina Base Active detector mas s is 0.7 grams 4 6 Detectors

5 Ribbon Cable 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 EJ
Ribbon Cable (24 

awg)
7 7 Electrical

4
VIS Imager Focal Plane Assembly Front End 
Electronics

0.500 0 1 1 0.500 30% 0.714 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833

5 Front-end Electronics  PCB 0.300 0 1 1 0.300 30% 0.429 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833 EJ
55% Analog, 45% 

Digital
1 output; 1 FPGA, 1 unique algorithm. NRE 
with VIS-Imager FEE

4 6 Electrical

5 Front-end Electronics  Hous ing 0.200 0 1 1 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4
VIS Imager Focal Plane Assembly Focus Adjust 
Mechanism

0.810 0 1 1 0.810 30% 1.158 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox 0.200 0 1 1 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Differential Lead Screw & 2 Nuts 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical
5 Flexures 0.100 0 5 5 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 VIS Imager Fold Mirror Mounting Post 0.010 0 1 1 0.010 30% 0.014 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 VIS Imager Fold Mirror 2 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

3 VIS IFS Relay Mirror 1 Assembly 0.101 0 1 1 0.101 30% 0.144 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS IFS Relay Mirror 1 0.008 0 1 1 0.008 30% 0.011 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS IFS Relay Mirror 1 Mount 0.093 0 1 1 0.093 30% 0.133 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS IFS Relay Mirror 2 Assembly 0.041 0 1 1 0.041 30% 0.059 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 VIS IFS Relay Mirror 2 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 VIS IFS Relay Mirror 2 Mount 0.041 0 1 1 0.041 30% 0.059 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 VIS IFS Lenslet & Pinhole Assembly 0.067 0 1 1 0.067 30% 0.096 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 Lens let & Pinhole Array 0.017 0 1 1 0.017 30% 0.025 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 6 6 Optics

4 Lens let & Pinhole Array Mount 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

3 VIS IFS Optical Assembly 78.578 0 1 1 78.578 30% 112.254 3.564 3.564 40% 5.940 3.827 3.827 40% 6.379

4 Lens  Tube Mounting Flexures 0.037 0 2 2 0.073 30% 0.105 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

4 VIS IFS Field Lens Tube Assembly 0.592 0 1 1 0.592 30% 0.846 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 VIS IFS Field Lens  1 0.152 0 1 1 0.152 30% 0.218 0.000 40% 0.000 0.000 40% 0.000 C S-BAH11 6 6 Optics

5 VIS IFS Field Lens  2 0.112 0 1 1 0.112 30% 0.161 0.000 40% 0.000 0.000 40% 0.000 C PBM3 6 6 Optics

5 VIS IFS Field Lens  Tube 0.327 0 1 1 0.327 30% 0.467 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 VIS IFS Collimating Lens Tube Assembly 4.594 0 1 1 4.594 30% 6.563 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 VIS IFS Collimating Lens 1 0.999 0 1 1 0.999 30% 1.427 0.000 40% 0.000 0.000 40% 0.000 C CAF2 6 6 Optics

5 VIS IFS Collimating Lens 2 0.882 0 1 1 0.882 30% 1.260 0.000 40% 0.000 0.000 40% 0.000 C BSM7 6 6 Optics

5 VIS IFS Collimating Lens 3 0.620 0 1 1 0.620 30% 0.885 0.000 40% 0.000 0.000 40% 0.000 C S-TIM5 6 6 Optics

5 VIS IFS Collimating Lens Tube 2.093 0 1 1 2.093 30% 2.990 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 VIS IFS Prism Tube Assembly 7.608 0 1 1 7.608 30% 10.869 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 VIS IFS Prism 1 2.028 0 1 1 2.028 30% 2.897 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 6 6 Optics

5 VIS IFS Prism 2 2.079 0 1 1 2.079 30% 2.971 0.000 40% 0.000 0.000 40% 0.000 C PMB2Y 6 6 Optics

5 VIS IFS Prism 3 2.016 0 1 1 2.016 30% 2.880 0.000 40% 0.000 0.000 40% 0.000 C BSL7Y 6 6 Optics

5 VIS IFS Prism Tube 1.485 0 1 1 1.485 30% 2.121 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 VIS IFS Imaging Lens Tube Assembly 3.733 0 1 1 3.733 30% 5.333 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 VIS IFS Imaging Lens  1 0.749 0 1 1 0.749 30% 1.070 0.000 40% 0.000 0.000 40% 0.000 C S-BAM12 6 6 Optics

5 VIS IFS Imaging Lens  2 1.114 0 1 1 1.114 30% 1.592 0.000 40% 0.000 0.000 40% 0.000 C S-LAH55 6 6 Optics

5 VIS IFS Imaging Lens  3 0.899 0 1 1 0.899 30% 1.284 0.000 40% 0.000 0.000 40% 0.000 C CAF2 6 6 Optics

5 VIS IFS Imaging Lens  Tube 0.970 0 1 1 0.970 30% 1.386 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 VIS IFS Focal Plane Assembly 61.977 0 1 1 61.977 30% 88.539 3.564 3.564 40% 5.940 3.827 3.827 40% 6.379

5 VIS IFS Focal Plane Enclosure 58.683 0 1 1 58.683 30% 83.832 0.000 40% 0.000 0.000 40% 0.000 C Ta 6 6 Mechanical

5 VIS IFS Focal Plane Thermal Is olation Flexures 0.250 0 3 3 0.750 30% 1.071 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 VIS IFS Focal Plane Mounting Plate 0.626 0 1 1 0.626 30% 0.895 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 VIS IFS Focal Plane Sensor Chip Assembly 0.208 0 1 1 0.208 30% 0.297 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107

6 EMCCD e2v CCD 282, 4k x 4k 0.160 0 1 1 0.160 30% 0.229 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107 EJ Si, Alumina Base
Active detector mas s is 4.7 grams. Us e 
e2v standard VIS coating.

4 6 Detectors

6 Ribbon Cable 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 EJ
Ribbon Cable (24 

awg)
7 7 Electrical

5 VIS IFS Focal Plane Front-end Electronics 0.900 0 1 1 0.900 30% 1.286 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833

6 Front-end Electronics  PCB 0.500 0 1 1 0.500 30% 0.714 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833 EJ
55% Analog, 45% 

Digital
8 outputs ; 1 FPGA, 1 unique algorithm. 4 6 Electrical

6 Front-end Electronics  Hous ing 0.400 0 1 1 0.400 30% 0.571 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 VIS IFS Focal Plane Focus Adjust Mechanism 0.810 0 1 1 0.810 30% 1.158 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 Stepper Motor, Gearbox 0.200 0 1 1 0.200 30% 0.286 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

6 Differential Lead Screw & 2 Nuts 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical
6 Flexures 0.100 0 5 5 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

6 VIS IFS Fold Mirror Mounting Post 0.010 0 1 1 0.010 30% 0.014 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

6 VIS IFS Fold Mirror 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 EJ ULE 6 6 Optics

3 VIS Low-order Wavefront Sensor Assembly 8.759 0 1 1 8.759 30% 12.514 3.564 3.564 40% 5.940 3.564 3.564 40% 5.940

4 VIS LOWFS Relay Mirror 1 Sub-assembly 0.063 0 1 1 0.063 30% 0.090 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 VIS LOWFS Relay Mirror 1 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

5 VIS LOWFS Relay Mirror 1 Mount 0.063 0 1 1 0.063 30% 0.090 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

4 VIS LOWFS Focal Plane Assembly 8.696 0 1 1 8.696 30% 12.423 3.564 3.564 40% 5.940 3.564 3.564 40% 5.940

5 VIS LOWFS Focal Plane Enclosure 7.338 0 1 1 7.338 30% 10.483 0.000 40% 0.000 0.000 40% 0.000 EJ Ta 6 6 Mechanical

5 VIS LOWFS Focal Plane Thermal Isolation Flexures 0.200 0 3 3 0.600 30% 0.857 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 VIS LOWFS Focal Plane Mounting Plate 0.080 0 1 1 0.080 30% 0.114 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 VIS LOWFS Focal Plane Sensor Chip Assem bly 0.178 0 1 1 0.178 30% 0.254 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107

6 VIS LOWFS Pre-amp Board 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ 100% Analog 4 6 Electrical

6 e2V CCD 57-10 Frame Transfer Sensor 0.080 0 1 1 0.080 30% 0.114 0.064 0.064 40% 0.107 0.064 0.064 40% 0.107 EJ Si, Alumina Base Detector active area is  0.200 grams. 4 6 Detectors

6 Ribbon Cable 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 EJ
Ribbon Cable (24 

awg)
7 7 Electrical

5 VIS LOWFS Focal Plane Front-end Electronics 0.500 0 1 1 0.500 30% 0.714 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833

6 Front-end Electronics  PCB 0.300 0 1 1 0.300 30% 0.429 3.500 3.500 40% 5.833 3.500 3.500 40% 5.833 EJ
55% Analog, 45% 

Digital
1 output; 1 FPGA, 1 unique algorithm. NRE 
with UV LOWFS FEE

4 6 Electrical

6 Front-end Electronics  Hous ing 0.200 0 1 1 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

2 Near-Infrared Channel 128.457 0 1 1 128.457 30% 183.510 200.480 200.480 40% 334.133 204.427 204.427 40% 340.712

3 NIR Optical Bench Assembly 52.271 0 1 1 52.271 30% 74.672 0.000 40% 0.000 0.000 40% 0.000

4 Optical Bench 32.346 0 1 1 32.346 30% 46.209 0.000 40% 0.000 0.000 40% 0.000 C Al, M55J M55J Panels, Al Honeycomb Core 7 7 Mechanical

4 270 K Zone Blanket Tent Posts 2.000 0 5 5 10.000 30% 14.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 Central Support Cylinder 9.924 0 1 1 9.924 30% 14.178 0.000 40% 0.000 0.000 40% 0.000 C Ti 7 7 Mechanical

3 NIR Fold Mirror Assembly 0.422 0 1 1 0.422 30% 0.602 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 NIR Fold Mirror 1 0.211 0 1 1 0.211 30% 0.301 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 NIR Fold Mirror 1 Mount 0.211 0 1 1 0.211 30% 0.301 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 NIR Deformable Mirror Assemblies 2.114 0 2 2 4.229 30% 6.041 100.000 200.000 40% 333.333 100.000 200.000 40% 333.333

4 NIR Deformable Mirror 2.000 0 1 1 2.000 30% 2.857 100.000 100.000 40% 166.667 100.000 100.000 40% 166.667 EJ

5% electro-
mech., 75% 

electrical, 20% 
mechanical

Bas ed on Boston Micromachines 4K-DM, 
scaled up by 2x in each dimens ion.  
Shares  NRE with UV & VIS DMs  (only 
difference is f ront surface coating).

4 6
Electro-

mechanical

4 NIR Deformable Mirror Mount 0.114 0 1 1 0.114 30% 0.163 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 NIR Off-axis Parabola 1 Assembly 0.221 0 1 1 0.221 30% 0.316 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 NIR Off-axis Parabola 1 0.078 0 1 1 0.078 30% 0.112 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 NIR Off-axis Parabola 1 Mount 0.143 0 1 1 0.143 30% 0.204 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 NIR Fold Mirror 2 Assembly 0.050 0 1 1 0.050 30% 0.071 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 NIR Fold Mirror 2 0.002 0 1 1 0.002 30% 0.003 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 NIR Fold Mirror 2 Mount 0.048 0 1 1 0.048 30% 0.068 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 NIR Off-axis Parabola 2 Assembly 0.583 0 1 1 0.583 30% 0.832 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 NIR Off-axis Parabola 2 0.378 0 1 1 0.378 30% 0.540 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 NIR Off-axis Parabola 2 Mount 0.204 0 1 1 0.204 30% 0.292 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 NIR Apodizing Mask Wheel Assembly 22.125 0 1 1 22.125 30% 31.607 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877
NRE with UV & VIS Apodizing Mask 
Assy. Same mechanism, different 
element count.

4 Roll  Flexures, 1 DOF 0.090 0 2 2 0.180 30% 0.257 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 Plate Flexures, 3 DOF 0.240 0 1 1 0.240 30% 0.343 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 NIR Apodizer Wheel Mechanism Sub-Assembly 1.160 0 1 1 1.160 30% 1.657 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877

5 NIR Apodizer Wheel Selection Mechanism 0.840 0 1 1 0.840 30% 1.200 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

6 Permanent Magnets 0.010 0 30 30 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical

6 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7
Electro-

mechanical

6 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6
Electro-

mechanical

6 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ
LED, Cu, Optical 

Sensor
6 6

Electro-
mechanical

5 NIR Apodizer Positioner Mechanism 0.320 0 1 1 0.320 30% 0.457 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

6 Launch Lock 0.070 0 1 1 0.070 30% 0.100 0.000 40% 0.000 0.000 40% 0.000 W CRES, Fuse Wire NEA Model 9100 9 9
Electro-

mechanical

4 NIR Apodizing Mask Optical Assembly 20.545 0 1 1 20.545 30% 29.350 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 NIR Apodizing Mas k Wheel 7.504 0 1 1 7.504 30% 10.721 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR Apodizing Mas k Wheel Roll Carriage 9.432 0 1 1 9.432 30% 13.475 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR Apodizing Mas k Retaining Rings 0.207 0 6 6 1.240 30% 1.771 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR Apodizing Mas ks 0.378 0 6 6 2.268 30% 3.240 0.000 40% 0.000 0.000 40% 0.000 C ULE
Six masks, each with a unique pattern 
etched on front surface.

5 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 NIR Off-axis Parabola 3 Assembly 0.579 0 1 1 0.579 30% 0.827 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 NIR Off-axis Parabola 3 0.378 0 1 1 0.378 30% 0.540 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 NIR Off-axis Parabola 3 Mount 0.201 0 1 1 0.201 30% 0.287 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 NIR Focal Plane Mask Wheel Assembly 6.011 0 1 1 6.011 30% 8.588 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877
NRE with UV & VIS Focal Plane Mask 
Assy. Same mechanism, different 
element count.

4 NIR Focal Plane Mask Wheel Baffle 0.500 0 1 1 0.500 30% 0.714 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

4 NIR Focal Plane Mask Wheel Housing 3.000 0 1 1 3.000 30% 4.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 Structural Flexures 0.100 0 3 3 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 Launch Lock 0.070 0 1 1 0.070 30% 0.100 0.000 40% 0.000 0.000 40% 0.000 W CRES, Fuse Wire NEA Model 9100 9 9
Electro-

mechanical

4 NIR Focal Plane Mask Selection Mechanism 0.350 0 1 1 0.350 30% 0.500 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical
5 Detent Dis c & Arm 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Al 6 6

Electro-
mechanical

4 NIR Focal Plane Mask Positioner Mechanism 0.650 0 1 1 0.650 30% 0.929 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox, Ball  Screw 0.250 0 1 1 0.250 30% 0.357 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Flexure 0.100 0 2 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 Flexure Housing 0.200 0 1 1 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 NIR Focal Plane Mask Optical Assembly 1.141 0 1 1 1.141 30% 1.631 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.360 0 1 1 0.360 30% 0.514 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 Retaining Rings 0.020 0 34 34 0.680 30% 0.971 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 Focal Plane Mas ks 0.000 0 34 34 0.001 30% 0.002 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 34 unique mas ks 5 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 NIR Off-axis Parabola 4 Assembly 0.064 0 1 1 0.064 30% 0.092 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 NIR Off-axis Parabola 4 0.008 0 1 1 0.008 30% 0.011 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 NIR Off-axis Parabola 4 Mount 0.056 0 1 1 0.056 30% 0.081 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 NIR Lyot Stop Wheel Assembly 4.049 0 1 1 4.049 30% 5.784 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439
NRE with UV & VIS Lyot Mask Assy. 
Same mechanism, different element 

4 Lyot Stop Wheel Housing 1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 Structural Flexures 0.060 0 5 5 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 NIR Lyot Stop Wheel Selection Mechanism 2.390 0 1 1 2.390 30% 3.414 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Permanent Magnets 0.070 0 25 25 1.750 30% 2.500 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical

5 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7
Electro-

mechanical

5 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6
Electro-

mechanical

5 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ
LED, Cu, Optical 

Sensor
6 6

Electro-
mechanical

5 Detent Dis c & Arm 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Al 6 6 Electro-
mechanical

4 NIR Lyot Stop Optical Assembly 0.359 0 1 1 0.359 30% 0.513 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.211 0 1 1 0.211 30% 0.302 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Retaining Rings 0.015 0 3 3 0.044 30% 0.063 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Lyot Stop Masks 0.001 0 3 3 0.003 30% 0.005 0.000 40% 0.000 0.000 40% 0.000 C Al Three unique mas ks. 6 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 NIR Selectable Optical Filter Assembly 20.091 0 1 1 20.091 30% 28.702 0.000 0.000 40% 0.000 1.053 1.053 40% 1.754
NRE with UV & VIS SOFA. Same 
mechanism, different element count.

4 NIR Selectrable Optical Filter Assembly Mount 2.283 0 1 1 2.283 30% 3.261 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 NIR Selectrable Optical Filter Assembly Housing 6.805 0 1 1 6.805 30% 9.722 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4
NIR Selectable Optical Filter Assembly Selection 
Mechanism

2.290 0 4 4 9.160 30% 13.086 0.000 0.000 40% 0.000 0.263 1.053 40% 1.754

5 Brushles s DC Motor 0.100 1 1 2 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Permanent Magnets 0.070 0 25 25 1.750 30% 2.500 0.000 40% 0.000 0.000 40% 0.000 EJ
Rare Earth 
Magnets

7 7
Electro-

mechanical
5 Ball  Bearings 0.020 0 2 2 0.040 30% 0.057 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7

Electro-

mechanical
5 Encoder 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 6 6

Electro-
mechanical

5 Encoder Read Head 0.100 1 1 2 0.200 30% 0.286 0.000 40% 0.000 0.000 40% 0.000 EJ
LED, Cu, Optical 

Sensor
6 6

Electro-
mechanical

4 NIR Selectable Optical Filter Disc Assembly 0.461 0 4 4 1.844 30% 2.634 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Disc 0.274 0 1 1 0.274 30% 0.391 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Retaining Rings 0.005 0 7 7 0.032 30% 0.046 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 Spectral Fi lters 0.008 0 7 7 0.055 30% 0.078 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica
7 identical glass substrates (28 total in 4 
discs), each with unique dielectric filter 
coatings

6 6 Optics

5 Counterweight 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Mallory Metal 7 7 Mechanical

3 NIR Spectrograph Relay Mirror 1 Assembly 0.092 0 1 1 0.092 30% 0.132 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

4 NIR Spectrograph Relay Mirror 1 0.008 0 1 1 0.008 30% 0.011 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 NIR Spectrograph Relay Mirror 1 Mount 0.085 0 1 1 0.085 30% 0.121 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

3 NIR Spectrograph Relay Mirror 2 Assembly 0.834 0 1 1 0.834 30% 1.191 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877

4 NIR Spectrograph Relay Mirror 2 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

4 NIR Spectrograph Relay Mirror 2 Mount 0.093 0 1 1 0.093 30% 0.134 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

4
NIR Spectrograph Relay Mirror 2 Steering 

Mechanism
0.740 0 1 1 0.740 30% 1.057 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877

5 Stepper Motor, Gearbox, Ball  Screw 0.250 0 2 2 0.500 30% 0.714 0.000 0.000 40% 0.000 0.263 0.526 40% 0.877 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Flexures 0.030 0 4 4 0.120 30% 0.171 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 Linear Variable Differential  Trans former (LVDT) 0.030 0 4 4 0.120 30% 0.171 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Cu, Steel 7 7
Electro-

mechanical

3 NIR Spectrograph Backend Instrument Assembly 9.807 0 1 1 9.807 30% 14.010 0.000 0.000 40% 0.000 0.526 0.526 40% 0.877

4 NIR Spectrograph Lenslet & Pinhole Assembly 0.067 0 1 1 0.067 30% 0.096 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 Lens let & Pinhole Array 0.017 0 1 1 0.017 30% 0.025 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 6 6 Optics

5 Lens let & Pinhole Array Mount 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

4 NIR Slit Insertion Assembly 1.303 0 1 1 1.303 30% 1.862 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 NIR Slit Insert Housing 0.450 0 1 1 0.450 30% 0.643 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 NIR Slit Insert Kinematic Mount System 0.150 0 3 3 0.450 30% 0.643 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 7 7 Mechanical

5 NIR Slit Sub-assembly 0.063 0 1 1 0.063 30% 0.091 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

6 NIR Slit 0.003 0 1 1 0.003 30% 0.005 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Optics

6 NIR Slit Mount 0.060 0 1 1 0.060 30% 0.086 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 NIR Slit Insertion Mechanism 0.340 0 1 1 0.340 30% 0.486 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 Stepper Motor 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

6 Crankarm 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ Al 6 6
Electro-

mechanical

6 Link 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ Al 6 6
Electro-

mechanical

6 Bearings 0.020 0 6 6 0.120 30% 0.171 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical

6 Microswitches 0.010 0 2 2 0.020 30% 0.029 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical

4 NIR Spectrograph Pre-optics Assembly 1.165 0 1 1 1.165 30% 1.665 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 NIR Spectrograph Field Lens Sub-Assembly 0.516 0 1 1 0.516 30% 0.738 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

6 NIR Spectrograph Field Lens 0.046 0 1 1 0.046 30% 0.065 0.000 40% 0.000 0.000 40% 0.000 C S-BSL7 6 6 Optics

6 NIR Spectrograph Field Lens Tube 0.408 0 1 1 0.408 30% 0.583 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

6 NIR Spectrograph Field Lens Tube Flexure 0.062 0 1 1 0.062 30% 0.089 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR Spectrograph Collimating Lens Sub-assembly 0.649 0 1 1 0.649 30% 0.927 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

6 NIR Spec. Collimating Lens 1 0.126 0 1 1 0.126 30% 0.180 0.000 40% 0.000 0.000 40% 0.000 C CAF2 6 6 Optics

6 NIR Spec. Collimating Lens 2 0.069 0 1 1 0.069 30% 0.099 0.000 40% 0.000 0.000 40% 0.000 C S-TIM8 6 6 Optics

6 NIR Spec. Collimating Lens 3 0.119 0 1 1 0.119 30% 0.170 0.000 40% 0.000 0.000 40% 0.000 C S-TIM8 6 6 Optics

6 NIR Spec. Collimating Lens Tube 0.334 0 1 1 0.334 30% 0.477 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 NIR Spectrograph Dispersing Optics Assembly 4.810 0 1 1 4.810 30% 6.871 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 NIR Spec. Dispers ing Optics Housing 3.392 0 1 1 3.392 30% 4.846 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR Spec. Dispers ing Optics Housing Flexures 0.074 0 3 3 0.221 30% 0.316 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR Spec. Flip-in Mirror Assembly 0.424 0 1 1 0.424 30% 0.606 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

6 NIR Spec. Flip-in Mirror 0.036 0 1 1 0.036 30% 0.051 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

6 NIR Spec. Flip-in Mirror Mount 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

6 NIR Spec. Flip-in Mirror Mechanis m 0.340 0 1 1 0.340 30% 0.486 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

7 Stepper Motor 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

7 Crankarm 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ Al 6 6
Electro-

mechanical

7 Link 0.050 0 1 1 0.050 30% 0.071 0.000 40% 0.000 0.000 40% 0.000 EJ Al 6 6
Electro-

mechanical

7 Bearings 0.020 0 6 6 0.120 30% 0.171 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical

7 Microswitches 0.010 0 2 2 0.020 30% 0.029 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical

5 NIR IFS Prism Sub-assembly 0.374 0 1 1 0.374 30% 0.534 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

6 NIR IFS Prism 1 0.111 0 1 1 0.111 30% 0.158 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 6 6 Optics

6 NIR IFS Prism 1 Clamp 0.035 0 1 1 0.035 30% 0.050 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

6 NIR IFS Prism 2 0.141 0 1 1 0.141 30% 0.202 0.000 40% 0.000 0.000 40% 0.000 C ZnSe 6 6 Optics

6 NIR IFS Prism 2 Clamp 0.035 0 1 1 0.035 30% 0.050 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

6 NIR IFS Prism Mount 0.052 0 1 1 0.052 30% 0.074 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR HRS Prism Sub-assembly 0.398 0 1 1 0.398 30% 0.569 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

6 NIR HRS Prism 1 0.122 0 1 1 0.122 30% 0.174 0.000 40% 0.000 0.000 40% 0.000 C Fused Silica 6 6 Optics

6 NIR HRS Prism 1 Clamp 0.032 0 1 1 0.032 30% 0.046 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

6 NIR HRS Prism 2 0.119 0 1 1 0.119 30% 0.170 0.000 40% 0.000 0.000 40% 0.000 C ZnSe 6 6 Optics

6 NIR HRS Prism 2 Clamp 0.033 0 1 1 0.033 30% 0.048 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

6 NIR HRS Prism Mount 0.092 0 1 1 0.092 30% 0.132 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 NIR IFS Imaging Optics Assembly 1.504 0 1 1 1.504 30% 2.149 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 NIR IFS Imaging Lens  1 0.115 0 1 1 0.115 30% 0.164 0.000 40% 0.000 0.000 40% 0.000 C S-TIH14 6 6 Optics

5 NIR IFS Imaging Lens  2 0.104 0 1 1 0.104 30% 0.149 0.000 40% 0.000 0.000 40% 0.000 C S-TIM8 6 6 Optics

5 NIR IFS Imaging Lens  3 0.277 0 1 1 0.277 30% 0.396 0.000 40% 0.000 0.000 40% 0.000 C CAF2 6 6 Optics

5 NIR IFS Field Corrector Lens 0.152 0 1 1 0.152 30% 0.218 0.000 40% 0.000 0.000 40% 0.000 C S-TIH6 6 6 Optics

5 NIR IFS Imaging Optics Tube 0.794 0 1 1 0.794 30% 1.135 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR IFS Imaging Optics Tube Flexure 0.061 0 1 1 0.061 30% 0.088 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

4 NIR HRS Imaging Optics Assembly 0.957 0 1 1 0.957 30% 1.367 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 NIR HRS Imaging Lens 1 0.069 0 1 1 0.069 30% 0.099 0.000 40% 0.000 0.000 40% 0.000 C S-TIH14 6 6 Optics

5 NIR HRS Imaging Lens 2 0.064 0 1 1 0.064 30% 0.092 0.000 40% 0.000 0.000 40% 0.000 C S-TIM8 6 6 Optics

5 NIR HRS Imaging Lens 3 0.104 0 1 1 0.104 30% 0.148 0.000 40% 0.000 0.000 40% 0.000 C CAF2 6 6 Optics

5 NIR HRS Imaging Optics Tube 0.654 0 1 1 0.654 30% 0.935 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

5 NIR HRS Imaging Optics Tube Flexure 0.066 0 1 1 0.066 30% 0.094 0.000 40% 0.000 0.000 40% 0.000 C Al 7 7 Mechanical

3 NIR IFS Focal Plane Assembly 2.546 0 1 1 2.546 30% 3.637 0.160 0.160 40% 0.267 0.423 0.423 40% 0.705

4 NIR IFS Focal Plane Ass embly Mount 0.088 0 1 1 0.088 30% 0.125 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

4 NIR IFS Focal Plane Enclosure 0.600 0 1 1 0.600 30% 0.857 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 NIR IFS Focal Plane Baffle 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Al, Black Coating 7 7 Mechanical

4
MLI Blanket on Baffle and Between Detectors and 
FEE

0.771 0 1 1 0.771 30% 1.101 0.000 40% 0.000 0.000 40% 0.000 EJ
StaMet, Kapton, 

Al, Dacron
7 7 Thermal

4 NIR IFS Focal Plane Thermal Isolation Flexures 0.008 0 3 3 0.024 30% 0.034 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 NIR IFS Focal Plane Sensor Chip Assembly 0.118 0 1 1 0.118 30% 0.169 0.010 0.010 40% 0.017 0.010 0.010 40% 0.017

5 Teledyne H4RG-10 (packaged in Ce-6 tub) 0.070 0 1 1 0.070 30% 0.100 0.010 0.010 40% 0.017 0.010 0.010 40% 0.017 W Si, HgCdTe, Ce-6 HgCdTe mass is 0.7 g 6 6 Detectors

5 Ribbon Cable 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 EJ
Ribbon Cable (24 

awg)
7 7 Electrical

4 NIR IFS Focal Plane Front-end Electronics 0.175 0 1 1 0.175 30% 0.250 0.150 0.150 40% 0.250 0.150 0.150 40% 0.250

5 ACADIA Plate 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 ACADIA ASIC (comes packaged) 0.075 0 1 1 0.075 30% 0.107 0.150 0.150 40% 0.250 0.150 0.150 40% 0.250 EJ Al, Si 3 6 Detectors

4 NIR IFS Focal Plane Focus Adjust Mechanism 0.670 0 1 1 0.670 30% 0.957 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox 0.200 0 1 1 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6 Electro-
mechanical

5 Differential Lead Screw & 2 Nuts 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical

5 Flexures 0.100 0 3 3 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7
Electro-

mechanical

5 Launch Lock 0.070 0 1 1 0.070 30% 0.100 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Fuse Wire NEA Model 9100 9 9
Electro-

mechanical

3 NIR HRS Focal Plane Assembly 2.546 0 1 1 2.546 30% 3.637 0.160 0.160 40% 0.267 0.423 0.423 40% 0.705

4 NIR HRS Focal Plane Ass embly Mount 0.088 0 1 1 0.088 30% 0.125 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

4 NIR HRS Focal Plane Enclosure 0.600 0 1 1 0.600 30% 0.857 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

4 NIR HRS Focal Plane Baffle 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Al, Black Coating 7 7 Mechanical

4
MLI Blanket on Baffle and Between Detectors and 
FEE

0.771 0 1 1 0.771 30% 1.101 0.000 40% 0.000 0.000 40% 0.000 EJ
StaMet, Kapton, 

Al, Dacron
7 7 Thermal

4 NIR HRS Focal Plane Thermal Is olation Flexures 0.008 0 3 3 0.024 30% 0.034 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

4 NIR HRS Focal Plane Sensor Chip Assembly 0.118 0 1 1 0.118 30% 0.169 0.010 0.010 40% 0.017 0.010 0.010 40% 0.017

5 Teledyne H4RG-10 (packaged in Ce-6 tub) 0.070 0 1 1 0.070 30% 0.100 0.010 0.010 40% 0.017 0.010 0.010 40% 0.017 W Si, HgCdTe, Ce-6 HgCdTe mass is 0.7 g 6 6 Detectors

5 Ribbon Cable 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 EJ
Ribbon Cable (24 

awg)
7 7 Electrical

4 NIR HRS Focal Plane Front-end Electronics 0.175 0 1 1 0.175 30% 0.250 0.150 0.150 40% 0.250 0.150 0.150 40% 0.250

5 ACADIA Plate 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 ACADIA ASIC (comes packaged) 0.075 0 1 1 0.075 30% 0.107 0.150 0.150 40% 0.250 0.150 0.150 40% 0.250 EJ Al, Si 3 6 Detectors

4 NIR HRS Focal Plane Focus Adjust Mechanism 0.670 0 1 1 0.670 30% 0.957 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439

5 Stepper Motor, Gearbox 0.200 0 1 1 0.200 30% 0.286 0.000 0.000 40% 0.000 0.263 0.263 40% 0.439 EJ CRES, Cu, Steel
Only one mechanism actuated at a time. 
10W / motor; 38 motors  total.

6 6
Electro-

mechanical

5 Differential Lead Screw & 2 Nuts 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ CRES 6 6
Electro-

mechanical

5 Flexures 0.100 0 3 3 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7
Electro-

mechanical

5 Launch Lock 0.070 0 1 1 0.070 30% 0.100 0.000 40% 0.000 0.000 40% 0.000 EJ CRES, Fuse Wire NEA Model 9100 9 9
Electro-

mechanical

3 NIR Low-order Wavefront Sensor Assembly 1.939 0 1 1 1.939 30% 2.770 0.160 0.160 40% 0.267 0.160 0.160 40% 0.267

4 NIR LOWFS Relay Mirror 1 Sub-assembly 0.063 0 1 1 0.063 30% 0.090 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

5 NIR LOWFS Relay Mirror 1 0.000 0 1 1 0.000 30% 0.000 0.000 40% 0.000 0.000 40% 0.000 C ULE 6 6 Optics

5 NIR LOWFS Relay Mirror 1 Mount 0.063 0 1 1 0.063 30% 0.090 0.000 40% 0.000 0.000 40% 0.000 EJ M55J 7 7 Mechanical

4 NIR LOWFS Focal Plane Assembly 1.876 0 1 1 1.876 30% 2.679 0.160 0.160 40% 0.267 0.160 0.160 40% 0.267

5 NIR LOWFS Focal Plane Assembly Mount 0.088 0 1 1 0.088 30% 0.125 0.000 40% 0.000 0.000 40% 0.000 C M55J 7 7 Mechanical

5 NIR LOWFS Focal Plane Enclosure 0.600 0 1 1 0.600 30% 0.857 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

5 NIR LOWFS Focal Plane Baff le 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Al, Black Coating 7 7 Mechanical

5
MLI Blanket on Baffle and Between Detectors and 
FEE

0.771 0 1 1 0.771 30% 1.101 0.000 40% 0.000 0.000 40% 0.000 EJ
StaMet, Kapton, 

Al, Dacron
7 7 Thermal

5 NIR LOWFS Focal Plane Thermal Isolation Flexures 0.008 0 3 3 0.024 30% 0.034 0.000 40% 0.000 0.000 40% 0.000 EJ Ti 7 7 Mechanical

5 NIR LOWFS Focal Plane Sensor Chip Assembly 0.118 0 1 1 0.118 30% 0.169 0.010 0.010 40% 0.017 0.010 0.010 40% 0.017

6 Teledyne H1RG (packaged in Ce-6 tub) 0.070 0 1 1 0.070 30% 0.100 0.010 0.010 40% 0.017 0.010 0.010 40% 0.017 W Si, HgCdTe, Ce-6 HgCdTe mass is 0.6 g 6 6 Detectors

6 Ribbon Cable 0.048 0 1 1 0.048 30% 0.069 0.000 40% 0.000 0.000 40% 0.000 EJ
Ribbon Cable (24 

awg)
7 7 Electrical

5 NIR LOWFS Focal Plane Front-end Electronics 0.175 0 1 1 0.175 30% 0.250 0.150 0.150 40% 0.250 0.150 0.150 40% 0.250

6 ACADIA Plate 0.100 0 1 1 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

6 ACADIA ASIC (comes packaged) 0.075 0 1 1 0.075 30% 0.107 0.150 0.150 40% 0.250 0.150 0.150 40% 0.250 EJ Al, Si 3 6 Detectors

2 Calibration Lamp Subsystem 2.989 0 1 1 2.989 30% 4.270 0.000 0.000 40% 0.000 2.500 2.500 40% 4.167

3 Tungsten Lamps 0.088 1 1 2 0.176 30% 0.251 0.000 40% 0.000 2.500 2.500 40% 4.167 EJ W, Glass
Tungsten Filaments and glass bulbs (50% 
elec., 50% mech.) Only one lamped used 
at a time.

7 7 Optics

3 Deuterium Lamps 0.088 1 1 2 0.176 30% 0.251 0.000 40% 0.000 0.000 40% 0.000 EJ D2, Glass

Glass bulb (SiO2) with D2 ins ide (50% 
elec., 50% mech.) Only one lamp used at 

a time. Power reported on Tungsten lamp 
line.

7 7 Optics

3 LEDs 0.050 3 3 6 0.300 30% 0.429 0.000 40% 0.000 0.000 40% 0.000 EJ Si, Glas s

Red, green, blue light emitting diode 
(100% elec.). Only one lamp used at a 
time. Power reported on Tungsten lamp 
line.

7 7 Optics

3 Calibration Source Housing 2.000 0 1 1 2.000 30% 2.857 0.000 40% 0.000 0.000 40% 0.000 EJ Al 7 7 Mechanical

3 Calibration Source Diffus er 0.117 0 1 1 0.117 30% 0.167 0.000 40% 0.000 0.000 40% 0.000 EJ Spectralon 7 7 Optics

3 Calibration Source Optics 0.220 0 1 1 0.220 30% 0.314 0.000 40% 0.000 0.000 40% 0.000 EJ Fused Silica 7 7 Optics

2 Main Electronics Box (MEB) 12.992 1 1 2 25.984 30% 37.120 295.272 295.272 40% 492.120 305.028 305.028 40% 508.380

3 LEON3FT Proces sor Card 0.500 0 1 1 0.500 30% 0.714 12.600 12.600 40% 21.000 12.600 12.600 40% 21.000 EJ
5% Analog, 95% 

Digital
7 7 Electrical

3 Housekeeping & Memory Card 0.500 0 1 1 0.500 30% 0.714 3.000 3.000 40% 5.000 3.000 3.000 40% 5.000 EJ
80% Analog, 20% 

Digital
Includes 86.4 GB of flash memory. 7 7 Electrical

3 Heater Control Card 0.500 0 5 5 2.500 30% 3.571 3.000 15.000 40% 25.000 3.000 15.000 40% 25.000 EJ
55% Analog, 45% 

Digital
7 7 Electrical

3 DC Motor Drive Card 0.500 0 6 6 3.000 30% 4.286 3.500 21.000 40% 35.000 3.500 21.000 40% 35.000 EJ
55% Analog, 45% 

Digital
1 FPGA per card 7 7 Electrical

3 Stepper Motor Drive Card 0.500 0 3 3 1.500 30% 2.143 3.500 10.500 40% 17.500 3.500 10.500 40% 17.500 EJ
55% Analog, 45% 

Digital
1 FPGA per card 7 7 Electrical

3 Power Supply Card (@ ~80% efficiency) 0.500 0 4 4 2.000 30% 2.857 58.293 233.172 40% 388.620 60.732 242.928 40% 404.880 EJ
95% Analog, 5% 

Digital
7 7 Electrical

3 Backplane 1.200 0 1 1 1.200 30% 1.714 0.000 40% 0.000 0.000 40% 0.000 EJ Passive 7 7 Electrical

3 Hous ing 1.792 0 1 1 1.792 30% 2.560 0.000 40% 0.000 0.000 40% 0.000 EJ Mg 7 7 Mechanical

2 Control System Processor (CSP) 9.128 1 1 2 18.256 30% 26.080 143.750 143.750 40% 239.583 143.750 143.750 40% 239.583

3 High Performance Space Computer (HPSC) 0.500 0 1 1 0.500 30% 0.714 10.000 10.000 40% 16.667 10.000 10.000 40% 16.667 EJ
5% Analog, 95% 

Digital
Boeing development w/GSFC 
management. 1 CPU, 8 cores

4 6 Electrical

3 I/O Interface PCB 0.500 0 1 1 0.500 30% 0.714 5.000 5.000 40% 8.333 5.000 5.000 40% 8.333 EJ
5% Analog, 95% 

Digital
1 FPGA, 1 unique algorithm 6 6 Electrical

3 Matrix Invers ion PCB 0.500 0 10 10 5.000 30% 7.143 10.000 100.000 40% 166.667 10.000 100.000 40% 166.667 EJ
5% Analog, 95% 

Digital

1 FPGA per card, 1 unique algorithm 

(shared by all cards)
6 6 Electrical

3 Power Supply Card (@ ~80% efficiency) 0.500 0 1 1 0.500 30% 0.714 28.750 28.750 40% 47.917 28.750 28.750 40% 47.917 EJ
95% Analog, 5% 

Digital
7 7 Electrical

3 Backplane 0.900 0 1 1 0.900 30% 1.286 0.000 40% 0.000 0.000 40% 0.000 EJ Passive 7 7 Electrical

3 Hous ing 1.728 0 1 1 1.728 30% 2.469 0.000 40% 0.000 0.000 40% 0.000 EJ Mg 7 7 Mechanical

2 Thermal Management System 63.758 0 1 1 63.758 30% 91.083 252.016 252.016 40% 420.027 278.544 278.544 40% 464.240

3
Ethane Heat Pipes  (170K detectors to Thermal 
Junction Point)

2.500 2 2 4 10.000 30% 14.286 0.000 40% 0.000 0.000 40% 0.000 EJ Al, Ethane 7 7 Thermal

3
Indium Foil 100K and 170K Thermal Interface 
Material

1.500 0 1 1 1.500 30% 2.143 0.000 40% 0.000 0.000 40% 0.000 EJ Indium 7 7 Thermal

3 Epoxy Thermal 270K Interface Material 1.500 0 1 1 1.500 30% 2.143 0.000 40% 0.000 0.000 40% 0.000 EJ Epoxy 7 7 Thermal

3 Thermal Strap (100K NIR IFS to NIR HRS) 1.500 0 1 1 1.500 30% 2.143 0.000 40% 0.000 0.000 40% 0.000 EJ RR200 Cu Straps  two NIR focal planes together 7 7 Thermal

3
Thermal Strap (100K NIR HRS to Thermal Junction 
Point)

5.000 0 1 1 5.000 30% 7.143 0.000 40% 0.000 0.000 40% 0.000 EJ RR200 Cu
Straps  NIR focal planes  to radiator 
interface.

7 7 Thermal

3
Thermal Strap (170K NIR IFS FEE to Ethane Heat 
Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
High Purity Al 

Foil
7 7 Thermal

3 Thermal Strap (170K NIR HRS FEE to Ethane Heat 
Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ High Purity Al 
Foil

7 7 Thermal

3
Thermal Strap (170K NIR LOWFS Detector to Ethane 
Heat Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
High Purity Al 

Foil
7 7 Thermal

3
Thermal Strap (170K NIR LOWFS FEE to Ethane Heat 
Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
High Purity Al 

Foil
7 7 Thermal

3
Thermal Strap (170K UV Detector to Ethane Heat 
Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
High Purity Al 

Foil
7 7 Thermal

3
Thermal Strap (170K UV LOWFS to Ethane Heat 
Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
High Purity Al 

Foil
7 7 Thermal

3
Thermal Strap (170K VIS Imager Detector  to Ethane 
Heat Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
High Purity Al 

Foil
7 7 Thermal

3
Thermal Strap (170K VIS IFS Detector to Ethane 
Heat Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
High Purity Al 

Foil
7 7 Thermal

3
Thermal Strap (170K VIS LOWFS Detector  to Ethane 
Heat Pipe)

1.000 0 1 1 1.000 30% 1.429 0.000 40% 0.000 0.000 40% 0.000 EJ
High Purity Al 

Foil
7 7 Thermal

3 Operational Heaters  (Large) 0.028 56 56 112 3.136 30% 4.480 3.316 185.696 40% 309.493 3.316 185.696 40% 309.493 EJ Cu,Kapton 9 9 Thermal

3 Operational Heaters  (Small) 0.014 20 20 40 0.560 30% 0.800 3.316 66.320 40% 110.533 3.316 66.320 40% 110.533 EJ Cu,Kapton 9 9 Thermal

3 Survival Heaters 0.014 76 76 152 2.128 30% 3.040 0.000 40% 0.000 0.000 40% 0.000 EJ Cu,Kapton 9 9 Thermal

3 Decontamination Heaters 0.014 8 8 16 0.224 30% 0.320 0.000 0.000 40% 0.000 3.316 26.528 40% 44.213 EJ Cu,Kapton 9 9 Thermal

3 Mechanical Thermos tats 0.006 76 76 152 0.912 30% 1.303 0.000 40% 0.000 0.000 40% 0.000 EJ
Stainless Steel, 

Nickel Alloy
9 9 Thermal

3 PRT / Sil icon Diode Sensors for Control 0.000 76 76 152 0.046 30% 0.065 0.000 40% 0.000 0.000 40% 0.000 EJ Platinum, Si 9 9 Thermal

3 PRT / Sil icon Diode Sensors for Telemetry 0.000 0 76 76 0.023 30% 0.033 0.000 40% 0.000 0.000 40% 0.000 EJ Platinum, Si 9 9 Thermal

3 MLI Tent for Optical Benches 15.730 0 1 1 15.730 30% 22.471 0.000 40% 0.000 0.000 40% 0.000 EJ
StaMet, Kapton, 

Al, Dacron
7 7 Thermal

3 MLI for 100K Enclosures 0.050 0 2 2 0.100 30% 0.143 0.000 40% 0.000 0.000 40% 0.000 EJ
StaMet, Kapton, 

Al, Dacron
7 7 Thermal

3 MLI for 170K Enclosures 0.100 0 8 8 0.800 30% 1.143 0.000 40% 0.000 0.000 40% 0.000 EJ
StaMet, Kapton, 

Al, Dacron
7 7 Thermal

3 Buttons, tape, adhesive, etc. for MLI 6.600 0 1 1 6.600 30% 9.429 0.000 40% 0.000 0.000 40% 0.000 EJ
Acrylic adhesive, 

Kapton, 
Fiberglass

7 7 Thermal

3
Adhesive, aluminum foil , etc. for heaters , 
thermostats, and sensors

5.000 0 1 1 5.000 30% 7.143 0.000 40% 0.000 0.000 40% 0.000 EJ
Acrylic adhesive, 
Nusil, Stycast, Al

7 7 Thermal

2 Harness 63.835 0 1 1 63.835 30% 91.193 0.000 0.000 40% 0.000 0.000 0.000 40% 0.000

3 UV Imager FEE to I/O Interface PCB [CSP] 0.275 1 1 2 0.551 30% 0.787 0.000 40% 0.000 0.000 40% 0.000 EJ
Power, RS422, 

LVDS
7 7 Electrical

3 UV LOWFS FEE to I/O Interface PCB [CSP] 0.275 1 1 2 0.551 30% 0.787 0.000 40% 0.000 0.000 40% 0.000 EJ
Power, RS422, 

LVDS
7 7 Electrical

3 VIS Imager FEE to I/O Interface PCB [CSP] 0.242 1 1 2 0.483 30% 0.690 0.000 40% 0.000 0.000 40% 0.000 EJ
Power, RS422, 

LVDS
7 7 Electrical

3 VIS IFS FEE to I/O Interface PCB [CSP] 0.309 1 1 2 0.618 30% 0.883 0.000 40% 0.000 0.000 40% 0.000 EJ
Power, RS422, 

LVDS
7 7 Electrical

3 VIS LOWFS FEE to I/O Interface PCB [CSP] 0.242 1 1 2 0.483 30% 0.690 0.000 40% 0.000 0.000 40% 0.000 EJ
Power, RS422, 

LVDS
7 7 Electrical

3 NIR IFS ACADIA ASIC to I/O Interface PCB [CSP] 0.242 1 1 2 0.483 30% 0.690 0.000 40% 0.000 0.000 40% 0.000 EJ
Power, RS422, 

LVDS
7 7 Electrical

3 NIR HRS ACADIA ASIC to I/O Interface PCB [CSP] 0.309 1 1 2 0.618 30% 0.883 0.000 40% 0.000 0.000 40% 0.000 EJ
Power, RS422, 

LVDS
7 7 Electrical

3 NIR LOWFS ACADIA ASIC to I/O Interface PCB [CSP] 0.242 1 1 2 0.483 30% 0.690 0.000 40% 0.000 0.000 40% 0.000 EJ
Power, RS422, 

LVDS
7 7 Electrical

3 CSP to MEB 0.094 1 1 2 0.188 30% 0.268 0.000 40% 0.000 0.000 40% 0.000 EJ Power, SpW 7 7 Electrical

3 CSP to MEB 0.057 1 1 2 0.113 30% 0.162 0.000 40% 0.000 0.000 40% 0.000 EJ MIL-STD-1553 7 7 Electrical

3 OTA I/F Junction to CSP 0.055 1 1 2 0.110 30% 0.157 0.000 40% 0.000 0.000 40% 0.000 EJ LVDS 7 7 Electrical

3 OTA I/F Junction to CSP 0.052 1 1 2 0.104 30% 0.148 0.000 40% 0.000 0.000 40% 0.000 EJ MIL-STD-1553 7 7 Electrical

3 DC Motor Control Card [MEB] to DC Motors 0.081 19 19 38 3.078 30% 4.398 0.000 40% 0.000 0.000 40% 0.000 EJ TP-20AWG 7 7 Electrical

3 Position Encoders to DC Motor Control Card [MEB] 0.086 19 19 38 3.265 30% 4.665 0.000 40% 0.000 0.000 40% 0.000 EJ TSP-24AWG 7 7 Electrical

3 Stepper Control Card [MEB] to Stepper Motors 0.089 19 19 38 3.390 30% 4.843 0.000 40% 0.000 0.000 40% 0.000 EJ TP-20AWG 7 7 Electrical

3 LVDT to Stepper Control Card [MEB] 0.095 2 2 4 0.380 30% 0.544 0.000 40% 0.000 0.000 40% 0.000 EJ TSP-24AWG 7 7 Electrical

3 Microswitches to Stepper Control Card [MEB] 0.095 6 6 12 1.141 30% 1.631 0.000 40% 0.000 0.000 40% 0.000 EJ TSP-24AWG 7 7 Electrical

3 MEB to One-time Actuators 0.089 8 8 16 1.427 30% 2.039 0.000 40% 0.000 0.000 40% 0.000 EJ TP-20AWG 7 7 Electrical

3 Heater Control Card [MEB] to Operational Heaters 0.106 84 84 168 17.744 30% 25.348 0.000 40% 0.000 0.000 40% 0.000 EJ TP-20AWG 7 7 Electrical

3 Temperature Sensors  to Housekeeping Card [MEB] 0.113 76 152 228 25.876 30% 36.966 0.000 40% 0.000 0.000 40% 0.000 EJ TSP-24AWG 7 7 Electrical

3 High Performance CPU [CSP] to Deformable Mirrors 0.120 6 6 12 1.440 30% 2.057 0.000 40% 0.000 0.000 40% 0.000 EJ RS422 7 7 Electrical

3 Power Supply Card [MEB] to Deformable Mirrors 0.063 6 6 12 0.754 30% 1.077 0.000 40% 0.000 0.000 40% 0.000 EJ
Power 

(s econdary)
7 7 Electrical

3 OTA I/F Junction to MEB 0.116 1 1 2 0.232 30% 0.331 0.000 40% 0.000 0.000 40% 0.000 EJ
Pwr, RS422, 
1553, 1pps

7 7 Electrical

3 OTA I/F Junction to MEB 0.067 1 1 2 0.133 30% 0.190 0.000 40% 0.000 0.000 40% 0.000 EJ SpaceWire (SpW) 7 7 Electrical

3 OTA I/F Junction to Survival Heaters 0.095 1 1 2 0.190 30% 0.271 0.000 40% 0.000 0.000 40% 0.000 EJ TP-20AWG 7 7 Electrical

2 5% Miscellaneous Hardware 32.149 0 1 1 32.149 30% 45.927

The power cas es lis ted here do not necessarily occur simultaneous ly.  Please refer to the electrical 
presentation and the power summary for each ins trument mode.

MaturityNAME (Mission or Payload Name) FLIGHT HARDWARE MASS NOMINAL FLIGHT HARDWARE POWER PEAK FLIGHT HARDWARE POWER# OF UNITS



“The search for life on other worlds is both a profound and a 
profoundly difficult endeavor.” 

– NAS Exoplanet Science Strategy report
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Two Teams, One Vision
Statement by the LUVOIR & HabEx STDTS

 The HabEx and LUVOIR (and Lynx and Origins) Science and 
Technology Definition Teams have devoted over three years and 
many thousands of person-hours to studying future large 
strategic space mission concepts.  

 Together, HabEx and LUVOIR will present eleven different 
architectures.

 The HabEx and LUVOIR teams have collaborated since their 
initiation, and as a result are offering a ‘buffet’ of options, with 
corresponding flexibility in budgeting and phasing.   

 The studies agree that a joint astrophysics – exoplanet 
UV/optical/near-IR space observatory provides a bold, 
compelling, and achievable vision for space astronomy.
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understand the star



constrain masses
33

Total astrometric program time for 
exoEarth masses to within 25%:
LUVOIR-A: 24 days                       
LUVOIR-B: 43 days



The ECLIPS coronagraph

3434June 24, 2019 Big Bang to Biosignatures: The LUVOIR Mission Concept

Observational challenge
Faint planets next to bright stars

Solution

Extreme Coronagraph for Living Planet 
Systems (ECLIPS)

Coronagraph with contrast < 10-10

Imaging spectroscopy (R = 70-200)

Bandpass:  0.2 μm to 2.0 μm

Tech development via WFIRST coronagraph

WFIRS
T
HLC

WFIRS
T
SPC



The LUMOS instrument

35

Observational challenge

Spatially-resolved spectra of gases in many different 
environments, solar system targets in the UV

Solution

LUVOIR UV Multi-Object Spectrograph (LUMOS)

R = 500 – 63,000

Bandpass:  100 nm to 900 nm

FOV: 2’ x 2’ with 0.07” x 0.14” slitlets

FUV imaging channel

Heritage from STIS, COS, & NIRSPEC HST STIS UV instrument

35June 24, 2019 Big Bang to Biosignatures: The LUVOIR Mission Concept



The HDI instrument

36

HST Wide Field Camera 3

36June 24, 2019 Big Bang to Biosignatures: The LUVOIR Mission Concept

Observational challenge

Imaging the ultra faint and very small at high resolution. 
Long-term imaging of objects in the outer solar system.

Solution

High-Definition Imager (HDI)

2 x 3 arcmin field-of-view

Bandpass:  0.2 μm to 2.5 μm

Nyquist sampled

Micro-arcsec astrometry capability (planet masses, etc)

Heritage from HST WFC3 & WFIRST



POLLUX: a European contribution to the LUVOIR mission 
study

POLLUX is a concept for a UV spectro-polarimeter with high resolution point-

source capability (R ~ 105)

Complementary to the LUMOS instrument

To be defined & designed by a consortium of 10 European institutions, with 

leadership/support from CNES

The conceptual study conducted by CNES could serve as a support for a 

future ESA contribution

3737June 24, 2019 Big Bang to Biosignatures: The LUVOIR Mission Concept



Is this technologically feasible?

WFIRST has achieved 109 contrast in coronagraph testbeds

“Coronagraph technologies have significantly evolved over the past 10 
years such that the challenge of designing and building a coronagraph 
that is insensitive to segmented/obscured apertures and low-order 
wavefront errors has largely been overcome.”

– NAS Exoplanet Science Strategy Report

3838June 24, 2019 Big Bang to Biosignatures: The LUVOIR Mission Concept



Is this technologically feasible?

Big Bang to Biosignatures: The LUVOIR Mission Concept 39June 24, 2019

LUVOIR Architecture A (15-m) Credit: A. Jones (GSFC)

Deployment of large segmented telescope 

to be demonstrated by JWST
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R&A

Explorers

Source: Paul Hertz

Is all of this affordable?

40June 24, 2019 Big Bang to Biosignatures: The LUVOIR Mission Concept
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Source: NAS Report
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LUVOIR online simulation tools https://luvoir.stsci.edu
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