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AGENDA HUGHES
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« INTRODUCTION: MODIS OVERVIEW

« HARDWARE DEVELOPMENT STATUS

« PERFORMANCE OVERVIEW

« GHOSTING REDUCTION

« GSE, INTEGRATION, AND TEST HARDWARE
 RISK STATUS

« CONCLUSIONS
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INTRODUCTION




g#Y. MODIS HAS PRIME LOCATION HUGHES
‘)((~ ON THE EOS AM SPACECRAFT SANTA BARBARA RESEARCH CENTER

a subsidiary

- 705.3 Km ORBIT ALTITUDE

« DESCENDING ORBIT

« 98.21° INCLINATION

« 10:30 AM EQUITORIAL
CROSSING TIME

a

ON-ORBIT
CONFIGURATION

'l_,[ .
LAUNCH CONFIGURATION

3/93
93-0204-2



SYSTEM REQUIREMENTS HUGHES |

ARE CHALLENGING SANTA BARBARA RESEARCH CENTER
a subsidiary
 Spectral Coverage 0.407 um - 14.385 um, 36 Bands
» Spectral Resolution 10 nm < AA <500 nm
« Spectral Stability A & A) stable to <2 nm (VIS bands, desired for NIR bands
A & AL stable to < 1% (all other bands)
» Spatial Coverage +55°, 2330 km swath length at 705 km
(contiguous scans at Nadir at the equator)
« Spatial Resolution 250m; 500m; 1000m at Nadir
+ Spatial Registration 0.2 IFOV (0.1 IFOV goal)
- IFOV 0.354 mr, 0.709 mr, 1.418 mr (All £6%)
« Radiometric Range 0.002% < p <100%, 3K < T < 700K
- Dynamic Range NEAL to Lmax (requires 12 bits)
+ Radiometric Performance 57 <SNR <1087, 0.05K < NEAT < 5.0K
- Polarization Isolation <2%,043 ym <A <22 um
- Calibration Accuracy Absolute Calibration: +1% A > 3 um; +5% A < 3 pum;

+0.75 (Band 20), +0.5% (Bands 31, 32)
+2% Reflectance (A <3 um)
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MODIS DESIGN FROM
PHOTONS To DATA SANTA BARBARA RESEARCH CENTER
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MODIS SCAN CAVITY VIEW m
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INSTRUMENT PARAMETERS

MODIS BASELINE

ORBIT

SWATH

SCANNING

IFOV

DWELL TIME
TELESCOPE
REIMAGING OPTICS
SPECTRAL

FOCAL PLANES

DETECTOR SIZES
DETECTOR COOLING
CALIBRATION

DATA RATES
SIZE, WEIGHT POWER

705 km, 10:30 AM DESCENDING

+55°, 10.0 km TRACK x 2330 km SCAN

360° SCAN, DOUBLE SIDED, 20.3 RPM, 2.954 sec PERIOD

0.354 mr (0.25 km), 0.709 mr (0.50 km), 1.418 mr (1.0 km)

83.3 us (0.25 km), 166.7 us (0.50 km), 333.3 us (1.0 km)

2-MIRROR OFF-AXIS AFOCAL GREGORIAN, 4X MAGNIFICATION, EPD 17.8 CM
REFRACTIVE, EFL 380.8 mm, 282.1 mm (LWIR ONLY)

36 BANDS FROM 0.41 um to 14.3 um, DICHROIC BEAMSPLITTERS, BANDPASS FILTERS

SILICON (0.4 um < A. < 1 um), PV HgCdTe (1 um < A< 10 um)
PC HgCdTe (A > 10 um), CTIA READOUTS FOR PV, BIPOLAR PREAMPS FOR PC

NOMINALLY SQUARE: 135 um (0.25 km), 270 pum (0.5 km), 540(400 LWIR) um (1.0 km)
THEMATIC MAPPER-TYPE RADIATIVE, T~85K

LABORATORY, GROUND TRUTH, ON-BOARD BLACKBODY, SOLAR
DIFFUSER, SRCA, AND SDSM

10.125 MBPS (DAY MODE), 2.733 MBPS (NIGHT MODE) WITH CAL AND OVERHEAD

0.97 m x 1.59 m x 0.99 m , <250 kg, <225W 393

93-0204-6
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MODIS HARDWARE
DEVELOPMENT STATUS




KEY STATUS SUMMARY m

SANTA BARBARA RESEARCH CENTER

a subsidiary

IMPLEMENTATION OF GHOSTING SOLUTIONS INITIATED
(ALL BANDS MEET SPEC EXCEPT FOR 18, 21 AND 30)

WEIGHT AND POWER STABLE SINCE PDR

PERFORMANCE MARGINS REMAIN POSITIVE
(>25% EXCEPT FOR BAND 36)

EM FPAs COMPLETE - READY FOR FILTER ASSEMBLIES
(FPA PERFORMANCE BETTER THAN SCA TEST RESULTS)

SIGNIFICANTLY IMPROVED PC HgCdTe CROSSTALK TEST RESULTS
ALL BUT ONE PWB LAYOUTS COMPLETE

ALL HYBRID P.0.D.s MODELS SUCCESSFULLY TESTED

THE EM AOP AND ATB ARE COMPLETE

ALL EM RADIATIVE COOLER PARTS ARE IN HOUSE

THE STE INTERNAL SW CDR AND HARDWARE CDRs WERE COMPLETED



MODIS EM SCHEDULE SUMMARY
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#&°. MODULAR DESIGN FACILITATES m
¢ INTEGRATION AND TEST SANTA sanBARA REscARCH SR




MAINFRAME FABRICATION
OF SHEET & BLOCK PARTS
IN PROCESS AT ABC ...

 BRUSH-WELLMAN DELIVERED
SHEET AND PRESSED BLOCK

« HIP FORMS AVAILABLE FIRST
WEEK OF OCTOBER

« BLOCK 1 & 2 CHANGES
TRANSMITTED

« RENEGOTIATION OF DELIVERY
DATE IS REQUIRED - TRIP
PLANNED END OF SEPTEMBER

« MARTIN KINEMATIC MOUNTS
REQUIRED DECEMBER 1993

« SIMULATED MASSES REQUIRED
DECEMBER 1993

SANTA BARBARA RESEARCH CENTER
a subsidiary




Y. SUCCESSFUL CONSOLIDATION
‘ OF HlP BERYLL'UM SANTA BARBARA RESEARCH CENTER
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MOTOR ENCODER DVU READY
FOR ASSEM B LY : SANTA BARBARA RESEARCH gj!ts)su&gc
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2 OF 4 BEARING SCREEN
TESTS H AVE ST ARTED . SANTA BARBARA RESEARCH CENTER

1 « CHAMBER 1 IS LOADED WITH
A PENNZANE LUBE/HYBRID
BEARING SET & RUNNING

L LR | « CHAMBER 2 IS LOADED WITH
By DR A PENNZANE LUBE/STEEL
BEARING SET & RUNNING

- « CHAMBER 3 WILL CONTAIN A

d SET OF STEEL BEARINGS USING
APIEZON LUBE. START DATE IS
SEPTEMBER 30

W ‘' CHAMBER 4 WILL CONTAIN A

S SET OF HYBRID BEARINGS WITH
DRY LUBE. START DATE IS
SEPTEMBER 30




70 AFOCAL TELESCOPE ASSEMBLY
wooes OFFERS HIGH THROUGHPUT IN
UNOBSCURRED DESIGN

SANTA BARBARA RESEARCH CENTER
a subsidiary

PRIMARY MIRROR

TELESCOPE
FIELD STOP
BENCH ASSEMBLY

AQP
INTERFACE
(3 PLACES)

o FE ATURES SECONDARY MIRROR
+ 17.8 cm UNOBSCURRED DESIGN OFFERS HIGH THROUGHPUT

INTERMEDIATE FIELD STOP PROVIDES EXCELLENT STRAY LIGHT CONTROL

4X MAGNIFICATION: AFOCAL DESIGN SIMPLIFIES SPECTRAL SEPARATION

PARABOLIC MIRRORS: EASY TO FABRICATE

SMALL PACKAGE

LOW CTE GRAPHITE EPOXY HELPS MAINTAIN ALIGNMENT

FOLD MIRROR CANCELS PRIMARY COMPONENT OF SCAN MIRROR POLARIZATION

3/93
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AFOCAL TELESCOPE BENCH
FABRICATION IS COMPLETE | s esect o
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REFRACTIVE OBJECTIVES AND
yooss DICHROIC BEAMSPLITTERS MOUNT
TO AFT-OPTICS ASSEMBLY

SANTA BARBARA RESEARCH CENTER

FIELD

sTOP

vis SWIRMWIR
SECONDARY FIELD LWIR
MIRROR sTOP e

ASSEMBLY
I NiR OBJECTIVE
(APERTURE STOP) "
J (= ATA INTERFACE

FIELD OS> (3PLACES)

e MANIFRAME

INTERFACE

NIR (3 PLACES)

\— AFT OPTICS
PLATFORM

—————
ENERGY FROM FOLD MIRROR \\
c———
———

~ (SCAN MIRROR AND FOLD MIRROR NOT SHOWN)
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AFT OPTICS PLATFORM
FABRICATION COMPLETE

93-9-33
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. S/MWIR OBJECTIVE ASSEMBLY
oY\ ~"KEY MECHANICAL PARTS HUGHES
AREINFAB Lo e

FOLD MIRROR
E3 ~ RETAINER

A 9193
DICHROIC 3 %0723
MOUNT



MODIS HAS FOUR FPAs
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ALL FOUR MODIS ENGINEERING MODEL m
FOCAL PLANES ARE READY FOR FILTER
ASSEMBLIES, FINAL TESTS & DELIVERY [ “'m s resse e

93-8-232

COLD FOCAL PLANE
ASSEMBLIES (FPAs)

EM
LONGWAVE
IRFPA

SHORT/MID WAVE
IR FPA

) ——e
VISIBLE FPA AMBIENT FPAs NEAR IR FPA



COATED FILTER SUBSYSTEMS
IN FABRICAT'ON SANTABAHBAR%
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« FILTERS
« ALL VIS, NIR FILTERS DELIVERED IN SPEC THROUGH FLIGHT MODEL
« SWIR/MWIR FAB COMPLETED; IN ENVIRONMENTAL TESTING
« LWIR FAB COMPLETED; 27-31 DELIVERED, REMAINDER READY FOR SOURCE
INSPECTION
« MASK SUBSTRATES
« VIS IN-HOUSE, IN SPEC
» NIR IN-HOUSE, AWAITING INSPECTION
- SW/MWIR IN FAB (MOST CHALLENGING OF ALL MASK SUBSTRATES)
« LWIR IN-HOUSE, IN SPEC

« DICHROIC BEAMSPLITTERS
« DBS-1: EM UNIT IN-HOUSE; ADDITIONAL PARTS COATED AND IN TEST
- DBS-2: EM READY FOR SHIPMENT

- DBS-3: EM COMPLETE; BAND 36 TRANSMISSION IS LOW; ADDITIONAL PARTS
IN FAB BUT EXPECTED TO BE LOW

9/93
93-0778-7



VISIBLE FILTER / MASK ASSY.
FOR ENGINEERING MODEL
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18mm j
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a subsidiary

SANTA BARBARA RESEARCH CENTER

EM VISIBLE DETECTIVE ASSEMBLY
IS READY FOR FILTER ASSEMBLY
AND FINAL TEST

®
H




NIR DA IS READY FOR FILTER
ASSEMBLY AND FINAL TEST | suesswosmsresciocoer

93-6-67B
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EM SW/MW IR DA IS READY FOR
FILTER ASSEMBLY AND
FINAL TEST e
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EM LWIR DA IS READY FOR
FILTER ASSEMBLY AND
FINAL TEST

PoHUOHETE
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Lo

MAJOR MAGNESIUM
PARTS IN-HOUSE

INTERMEDIATE  cOLD STAGE

SANTA BARBARA RESEARCH CENTER
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HOUSING WINDOW HOUSINGS INTERMEDIATE
FIN HOUSING | COMPLETE [H_] HOUSING
ASSEMBLY 9/17/93
COMPLETE DEWAR STEM CONT
BRAZEMENT | iR WiNDow | SOVER BARR
DEWAR SUPPORT 10/1/93 HOUSING 9/31/93
ASSEMBLY (W] 10/15/93
COMPLETE [@j_ljsn 882‘.1’.:

COLD STAGE
RADIATOR ASSEMBLY

COMPLETE
INTERMEDIATE

INTERMEDIATE / N\ STAGE SHIELD
STAGE RADIATOR N/ STRUCTURE E

9/14/93 \ f ASSEMBLY

U
RING ASSEMBLY

OUTER WINDOW
HOUSING
10/15/93
WINDOW
ELEMENTS
11/24/93

9/93
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COLD STAGE
SUPPORT
ASSEMBLY
40530/NF100 EM
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RAD COOLER
MAG N ES' U M HOUSI NG SANTA BARBARA RESEARCH CENTER

93-5-46 a subsidlary




CLouw oAl

SIMPLIFIED ELECTRONICS

BLOCK DIAGRAM

FOCAL
PLANES (4)

WARM |—

CcoLD

SANTA BARBARA RESEARCH CENTER
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r——=--=-=--=-=-=—-=—=- === s |
| |
| |
DIGITAL o DATA OUT
SPACE- = FORMATTING l 10.1 MHZ AVG.
VIEWING - CHAIN |
ANALOG | |
MODULE |
(SAM) I |
| MIL-STD-1553B
- ' MAIN COMMAND |<kg|—sm TELEMETRY &
| ELECTRONICS & I COMMAND
| MODULE TELEMETRY | | INTERFACE
| |
FonwaRD | || l
CLAM | |
ANALOG | CONTROLS |
' ' SPACECRAFT
| Mecramew | | boWER, e — PONER
OPTICS | | (+120 VDC)
IBRAT
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MAIN ELECTRONICS MODULE
(MEM)

J

MEM CIRCUIT CARDS

SANTA BARBARA RESEARCH CENTER
a subsidiary

i
I’ =B
| e
SPACE-VIEWING ANALOG MODULE

BANDS 1-30
(SAM)

FORWARD-VIEWING A 9/93

BANDS 31-36 93.0778-9
(FAM) .



ool LEBW L. lmlmas o mpnoi G

ELECTRONICS
ACCOMPLISHMENTS
JUNE-AUGUST 1993

SANTA BARBARA RESEARCH CENTER
a subsidiary

-« MEM

« EM CHASSIS IN DIGITIZATION

. 13 OF 14 PWB LAYOUTS COMPLETE; LAST ONE IN CIRCUIT DESIGN. 11 PWBs
DUE IN-HOUSE BY 9/20

. TWO ENGINEERING MODEL PWB SUBASSEMBLIES TESTED, TWO MORE IN
TEST, TWO IN ASSEMBLY

. BREADBOARD AND ENGINEERING MODEL BACKPLANES IN DESIGN

« AEMs
« FAM AND SAM ENGINEERING MODEL CHASSIS FAB COMPLETE
« ALL PWBs IN-HOUSE FOR EM

« GENERAL
. ALL HYBRID P.0.D. MODELS TESTED; EM QUANTITY IN WORK
. DESIGN, FAB STARTED ON NEW PORTABLE ENCODER TESTER
« ALL EM PARTS ON ORDER; > 90% IN HOUSE
« > 80% OF PROTOFLIGHT PARTS ON ORDER

9/93
93-0778-9



X E.M. MOTOR DRIVER
S/A & TESTER SANTA BARBARA RESEARCI;QCSSN';ES




OBC’s STATUS HUGHES

9/2 2/93 SANTA BARBARA RESEARCH CENTER
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« SRCA

Solid modeling of the SRCA, including collimator, is nearly complete. Mirror and
grating drawings have been sent to vendors for quotes. Production of working
drawings from the solid model has begun. The two motors for the SRCA are in
procurement. The heat sinks for the 10-watt quartz-halogen lamps have been veri-
fied. A 5-week UV test is in process. Slight mods to the SIS and heatsinks will in-
crease output radiance.

« SDSM

Solid modeling of the SDSM is now being reviewed. Some SDSM components
have been drafted for procurement and fabrication. Detailed drafting will begin af-
ter design of the SD is completed. The motor for the SDSM is in procurement.

« SD

The design of the SD has been determined and only needs to be drawn. This will
be done when the more complicated SDSM has been finished.

- BB

The BB design has been completed. Currently, we plan to use 61101-T6 aluminum.
A bar of material has been ordered to evaluate various BB surface treatments.

9/93
93-0778-37A



#&Y  MODIS SOLAR DIFFUSER AND HUGHES
({d SOLAR VIEW DOOR ASSEMBLIES SANTA BARBARA RESEARCH CENTER
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11.28

SOLID DOORJ

SOLAR DIFFUSER SOLAR VIEW DOOR
ASSEMBLY ASSEMBLY

+ BRDF: 0.3158r
o EFFECTIVE ALBEDO: 54%

3/93

 BASELINE DIFFUSER MATERIAL IS SPECTRALON (PTFE) =™



V-GROOVE BLACKBODY HUGHES
ACHIEVES HIGH EMISSIVITY SANTA BARBARA RESEARCH CENTER
AND LOW T-GRADIENTS

« ALUMINUM

+ FULL APERTURE
« V-GROOVE

+ €20.992°

« AT<0.1K
. AI!_- <0.554%

....

V-GROOVE 12 TEMPERATURE
DETAIL SENSORS

LI
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« THERMAL MODEL SHOWS < 0.03° GRADIENTS AT AMBIENT 393
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SRCA (CUTAWAY) HUGHES

SANTA BARBARA RESEARCH CENTER
a subsidiary

45° MIRROR

/ COLLIMATOR SECONDARY MIRROR
COLLIMATOR PRIMARY MIRROR
ENTRANCE SLIT

EXIT SLIT

SLIT DRIVE MOTOR

GRATING/MIRROR
ASSEMBLY

DIODE CARD

SOURCE RELAY
MIRROR

FILTER WHEEL

APERTURE
STOP MIRROR

BLACKBODY

SIS
FILTER WHEEL
DRIVE MOTOR MOTOR DRIVER 9/93
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MODIS SDSM IN HUGHES

FINAL DESIGN SANTA BARBARA RESEARCH CENTER
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MODIS PERFORMANCE
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CURRENT MASS ESTIMATE
WITHIN SPECIFICATION

Estimated|Estimated] Budgeted
Components Wt, kg A kg Wt, kg |
l. 46,2 -2.9 50.4
1. Scan Mirror 114 105
2. Afocal Telescope Assembly 135 11.3
3. Aft Optics Assembly 10.2 18.5
4. Radiative Cooler 111 10.1
Il. ON BOARD CALIBRATORS 189 17 161
1. Blackbody 49 41
2. SRCA 10.9 8.6
3. Solar Diffuser 1.2 1.2
4. Solar Diffuser Monitor 19 22
INl. STRUCTURES/TOP ASSY 79.9 0.0 8.9
1. Mainframe 54.3 52.6
2. Doors and Actuators 13.9 146
3. Top Assy Bill of Materials 117 11.7
IV.ELECTRONICS 908 1.2 832
1. Main Electronics Module 64.7 57.0
2. Analog Elex-Forward Viewing 75 7.6
3. Analog Elex-Space Viewing 144 144
4. Cabling, Misc 4.2 4.2
MODIS TOTAL WEIGHT 235.8 * 0.0 228.6
SPECIFICATION WEIGHT 250.0 - 250
MARGIN 14.2 0.0 21.4

* 0.8 kg HIGHER THAN PDR ESTIMATE

8/93
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MODIS POWER & DATA RATE
WITHIN SPECIFICATION m

SANTA BARBARA RESEARCH CENTER
a subsidiary

1-orbit Avg | 2-orbit Avg Peak Avg Data | PeakData
I i Pwr(W) Pwr (W) Pwr (W;__ Rate (Mbps) | Rate (Mbps)

Allocation 225 225 275 6.2 11.0
Current Estimate 186.2 172.4 227.3 6.1 10.5
Previous Estimate 186.2 172.4 227.3 5.7 10.2
Change from Last Report 0 0 0 0 0.3
Margin to Allocation 38.8 52.6 47.7 0.1 0.6
Basis (%) . .

Estimated 0 0 0 0 0

Calculated 100 100 100 100 100

Actual 0 0 0 0 0
1] 1-Orbit Avg is for 75 % imagining with SRCA Cal & 25% straight imaging (more margin if only imaging).
2] 2-Orbit Avg is 1-Orbit Avg value & a full orbit of straight imaging.
3] Data rate based on 40% day and 60% night per orbit duty cycle. 9/93

e CHANGE DUE TO INCREASED COLLECTS ACROSS BB, SRCA & SPACE VIEWS.

9/93
93-0720-126



LATEST OPTICAL
TRANSM I SSI O N DATA SANTA BARBARA RESEARCH CENTER
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EM PREDICTIONS REFLECT m

- ENGINEERING MODEL
SNR for Reflective Bands SNRS MAR G'Ns
::: { { £ S\R Reqd 300 T!aam!szws.27,2amd:;ohm»:aocvacnmqln
1500 + {{{{ } © SNR Pred s 1 ;
1 _ { = SNR Hgh =7 ) ) X
X bR RS2 s L T { )
Band Number 10T <
€
5100 + 4 { I,
NEAT for MODIS Emissive Bands NEAT 5T :
S0 ¢
51 ATs 1 { 11 { H
0 ! 14
03 1 & B | ¥ neT Read 2 4
034 3
Coxsi © NET Pred 50 -HH-HHHHHHHH-HHHHHHHR R
0.1 1 = NET Low -
0.05 o « INCLUDES PV AND PC ENGINEERING MODEL DETECTOR DATA
e N EtaNE A S n e - INCLUDES UPDATED OPTICAL SYSTEM TRANSMISSIONS,
NERAEA S Sy e FILTER BANDWIDTHS
« ERROR BARS ARE 3 SIGMA DEVIATIONS: INCLUDE PC IN-BAND
VARIATIONS 993

93-0720-129



(MTF) IS CAL

MODULATION TRANSFER FUNCTION
CULATED FROM SPATIAL

RESPONSE

SANTA BARBARA RESEARCH CENTER
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F{LSF(x)} = MTF(f) e I O(f) MTF(f) = Modulation Transfer Function

0 +
0. 0. 0.1 0.1 0.3 05
H] 3 Position on FPA (mm)

0.7

FOURIER
TRANSFORM
OF SPATIAL
RESPONSE
IS MTF

Modulation Transfer Function

09
08
0.7
0.6
0.5
0.4
0.3
0.2
0.1

e
~
-

——
. —
—

od(f) = Phase Transfer Function

"~ ~*~-MANY CONTRIBUTORS MODELED
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Requirement
Optical Crosstalk
Detector Crosstalk
Fab & Align
Optics

Integration
Detector Size
Total
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-
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Spatial Frequency (cy/mm)
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OPTICS
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FOR ALL BANDS




NO CHANGE FOR SYSTEM
REFLECTIVE BAND
REFLECTANCE ACCURACY

SANTA BARBARA RESEARCH CENTER
a subsidiary

5.000
4.500 Reflectance Accuracy Assumes:
: 2
¢ No Wavelength Shift Error E3 Rad Accy
4.000 + s No Out-of-Band Error B Dift Accy
¢ No Polarization Error
® 3.500 O 1/SNR{Source)
g .
£ 3.000 1/SNR(Cal)
§ © 1/SNR(Space)
2.500
8 A Lin Uncty
g A Crosstalk
e
«c ® Stray Light
O Scat. Light
X SM Temp

Band Number

« SINGLE SAMPLE SHOWN TO DEMONSTRATE HIGH PERFORMANCE
« BAND 7 AND 18 MEET SPEC FOR MULTIPLE SAMPLES (SNR ERROR GOES TO ZERO)

9/93
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EMISSIVE BANDS
RADIOMETRIC ACCURACY

SANTA BARBARA RESEARCH CENTER
a subsidiary

1.4

1.2

o
©

0.8

Radiometric Accuracy (%)

0.4

0.2

Requirement is 10%

Rad Accy

® Blackbody
REQUIREMENT O 1/SNR(Source)

+ 1/SNR(Cal)
¢ 1/SNR(Space)
A Lin Uncty

A Crosstalk

® Stray Light

O WL Shift
= Out-of-Band
X SM Temp
22 23 24 25 27 28 29 30 31 32 33 34 35 386 9/93
Band Number 93-0720-133



POINTING ACCURACY AND
KNOWLEDGE IN SPECS

Pointing Accuracy (arcsec)

1100 1
1000 ¢+
900 +
800 1
700 4
600 +
500 1
400 +
00 ¢+
200 +

Displacement (arcsec)

Reqmt: 108 arcsec

100 ¢
0.0 A

Rol/Scan

PRchvTrack Yaw

Axes

SANTA BARBARA RESEARCH CENTER

a subsidiary

Pointing Knowledge (arcsec)

O oynamic

B Static

Displacement (arcsec)

1100 1
1000 4

90.0

800 1

700

600 ¢
500 |
400 ¢
0.0 4
200 T
100 ¢

00 -

Reqmt: 90 arcsec

Rok/Scan

Plich/Track Yaw
Axes

(] oynamic
M static

* All MODIS Systems Meeting Flowdown at this Time
* Assumes Spacecraft Disturbances in Specs

9/93
93-0720-136



NO CHANGE IN REGISTRATION
PREDICTIONS

SANTA BARBARA RESEARCH CENTER

3 subsidiary

Misregistration (um)

80.0

80.0

40.0

20.0

0.0

» All Bands Meet Specs
e Most Meet 0.1 Pixel Goal

-1 0.2 Pixel 0.2 Pixel
Requirement

T 0.1 Pixel 0.1 Pixel

E B g £ 6 E E T ¥ ¥ %} % 3 3
2 2 2 = + = § T = 3 2 = 2 ¢
Within FPAs Between FPAs

I RS Total Scan
ASS Tolal Track
0.1 Pixel Goal
e (1,2 Pitel Rogmt
A Scan Velocity Errors
< Earth Rotation Errors
A Sample Timing Jhter
a Rey Measurement Accuracy
° Image Rotations
o Image Translations
Residual Optical Distortion
EFL Tolerance
1 Fiter TH/Vignetting
- Cold FPA 1o AOP
- Dawar Stem Z Hysteresis
. Pixel Location
D FPA Rotational Uncertainty

. FPA Paralielism

993
93-0720-137
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Analog Electronics Modules
Demonstrate Acceptable
Thermal Performance

perating mode is 83°C for the

U-6 microcircuit on the ACE/ACE board (Typical derated limit is 100°C)

Highest predicted junction temperature for normal o
Forward-viewing Analog Module temperatures are lower.

Space-viewing Analog Module



GHOSTING REDUCTION




FILTER

e T ASSY
A B i D E
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e
(=

—
PASS BAND

FILTER
(“C”)

REFLECTANCE

A

e OUT OF BAND ENERGY FOR
FILTER “C” IS REFLECTED BACK
FROM THE FILTER ASSY.
TOWARDS THE OPTICS

« NON PERFECT AR COATINGS ON
THE LENSES REFLECTS A SMALL
FRACTION BACK TO THE FOCAL
PLANE THAT IS WITHIN PASS
BAND FOR FILTER “A”

9/93
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Extinction Ratlo

14000.0 T
12000.0
10000.0 +
8000.0 -+
6000.0
4000.0 -
2000.0

0.0 -

FOUR ORDERS OF MAGNITUDE

EXTINCTION RATIO REQUIRED
FOR TRANS RESP SANTA BARBAR%

a subsidiary

« EXTINCTION RATIO
R - LCLD(max)

L1vr ¢0.5%

—vamwhmoo—wmvmmr\mmo—wmvmwhw
PPPPPPPP NONNNNNNAN

Band Numbei

OO0~ Q0NOM<T W O
NMMOOOMONOm
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TRANSIENT RESPONSE SPEC
AA OFTEN LOWER THAN SYSTEM
Ay N 0 I S E SANTA BARBAR%

a subsidiary

w3 SNR Spec
1.800 +
‘ TR Spec
1.600 +
————— Accy Bdgt
£ 1.400 © 1 Bit
I :
g 1.200 + Ghosting Budget for
] Accuracy w/ Lmax,Lcld
3 1.000 +-————-f - ————-—————-—————-
[ ]
(3
3 0.800
(-]
Z
0.600 Transient Response
0.400
0.200 § ,
T3t qiliiLiEntnntiiniint g 111
0.000 - dMMMMEME SRR AN B AE
T AN MW ON OO0 O AN MW O OO O ~ AN MW ONMNGOBGOIIO ~NMT D O
FFFFFFFFFF NN N AN AN NN ANNNODOOOOOD OO OMOM

Band Numbei

993
93-0720-140
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NN window 2

x\\n\\\m////__w "
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SANTA BARBARA RESEARCH CENTER

SW/MWIR
LWIR

......

00000000000

EARLY EM DESIGN
GHOSTING VIOLATES
TRANSIENT RESPONSE

] L 10
Band Numbes
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0.6

0.5

0.4

Reflectance (%)

0.3

0.2

0.1
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« AR COATING OPTIMIZATION
T EMPLOYED FOR ALL NIR Bands
‘\ LENSES AND WINDOWS
B SK4G-13.6
\
" E ZnSe.2
+1
\
\
\
T !
\\ /
/
4 /
/
!
1 ‘\ , /
V1 1314/ 15 2,16 17__18__ 19/
I‘ " /
4 \ I Pl i /
\ ' // \\ P - T /
\ A \ ', // R RS
\ e’ \ s ~
T N\ 4 \ Ve
7 \ 7 - ~
N ~ /7T
! ] h i | L - | ! 1 1 1
1 ) 1 1 T 1 ¥ 1
600 650 700 750 800 850 900 950

Wavelength (nm

1000
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SURFACE CURVATURES
INFLUENCE MAGNITUDE OF HUGHES |
GHOST RETU RN SANTA BARBARA RESEARCH CENTER
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NIR Engr. Model NIR Improved

AT

- CURVATURE |
OPTIMIZATION
FOR VIS, NIR
ONLY

9/93
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SWIR/MWIR INTERMEDIATE
FOCAL PLANE EASILY
ACCESSIBLE

7 Zone SW/MW
]

D

1\

11

SANTA BARBARA RESEARCH CENTER
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Filter Substrates

Mask s A 47
. ///// sy b

Maslk/Fiiter Substrate ‘

(7 ZONE ONLY)

/INTERMEDIATE FILTER ASSEMBLY

_..\
/

us.us MM

9/93
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LWIR FOLD MIRROR
CONVERTED TO
DICH R0|C RELFECTOR SANTA BARBARA RESEARCH CENTER
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i DICHROIC

SHIFT ggf———— T

FOLD E
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i\
s LONGWAVE
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; g u |
-10 R . \\ MIDWAVE 3

\ : - 3
e -
AN ]
-30 " 1 s | N | - " 1 N L]
-10 -5 0 5 10 18
:\:

i
X
ANFATTA
/
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REFLECTOR

\L

i 9/93
93-0720-109



s

ﬁ,MJ SO \
X

’C 7 ®

20° - 25° TILT WILL

REDUCE GHOSTING

|

|

¥\  WINDOW TILT ELIMINATES
THERMAL COATING EFFECTS

1)
Xl
IR
R
ta
(R}
1
]
1
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IMPLEMENTATION IN BASIC
COOLER DESIGN IS FEASIBLE

. THERMAL REJECTION ‘
COATINGS ON INTER- o
MEDIATE WINDOW ARE |
NOT WELL SUITED TO

GHOSTING REDUCTION

9/93
93-0720-110



HIGH PAYOFF TO
TRANSIENT RESPONSE WITH
GHOSTING SOLUTIONS

VIS - SW/MWIR

SANTA BARBARA RESEARCH CENTER
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0.48 ESSEEN window 3

04 (I wandow 2

En;l E===3 window 1
¢ 03 | T ore 3 T Lere 5
I Lore 2 I (e 4
}o.n 1 C—Jtew? T Lere 3
!ooi.: l e T oo 2
;n b [— Ty

A ===

NIR

SN window 3

0.7 [N window 2

E” 7272 Window 1
"‘n.u T RN | one 3 POEEN Lore 5
}“ 1 R tene 2 B ane 4
C—_ et TR e 3
!o.a ! l o TR Fegmt T 1 ore 2
o2 } 74 | Jiem1

1%

01 ¢ ! ! l l I ———— TR Aegnt

APPROVAL FROM NASA/SCIENCE TEAM FOR NON-COMPLIANCE ON BANDS 18, 21, & 30 630720111



Fraction of FPA llluminated
Determines Ghosting Magnitude m
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Low Medium High
Ghosting Ghosting Ghosting
Leld : Leld Leld
E @ l | E E E‘. l. !. YRR 0 LS « w]l m
e NASA Spec ” T >
Does Not ARSI L I
i " ///u—' “é

Define Cloud e Lz////f/ 7
Leld Size or Cover Leld ¢

Jfl |

, i e e

| | : /

| f ¢ //;;// ;J]J;m,

. AR

w0 A lH 35 36 3¢ 32 //

) o Additional Benefit From}
Mask Absorption

Current Analysis Uses Cloud Cover of Top Row (Worst Case)
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GSE DEVELOPMENT,
INTEGRATION, AND TEST




THE STE ARCHITECTURE
IS BUILT AROUND
FIVE SUN WORKSTATIONS
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DATA
ARCHIVE

ARCHIVER
REMOTE POINT TO POINT
FDDI INTERFACE TELEMETRY TLM & CMDS
ETHERNET INTERFACE
ETHERNET UNIT J' 1
] MODIS
PAYLOAD RTIU (RS232)
INTERFACE & POWER
CONTROLLER
SYSTEM .
TEST
CONTROLLER ] 15538 |
o — REALTIME |, SCIENCE DATA |
" °°"L§3}(LE“ MODIS POWER |
TEST £ B -
ANALYSIS m E
CONTROLLER STIMULUS
CONTROLLER
TAC 2 WORKSTATION
SCIENCE DATA
ENABLE
~ ! PRINTER L
STIMUL
coum%n.l{sen STIMULUS
RACK
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PAYLOAD
INTERFACE
CONTROLLER
CONSOLE

S Ty T



EXAMPLE SNR ENGINEERING
EVA LUATIO N D' S P LAY SANTA BARBARA RESEARCH CENTER
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Column Scan
Single Pixe! ® (3| MODE:ROW  COLUMN AVERAGE: YES

MODE: COLUMN ROW AVERAGE: YES [~

Row Scan
Single Pixel
—

®

e e o v

Signal

Frame (Scan) Number, Time

JoqQuINN uess

@6

-

J

Space Port : Blackbody Time
o Scan Angle (IR Only)
SRCA

Q) (Refl Oniy)
V FFT GRAPH

ENTER TELEMETRY ID # [:]

® @

-

Value

Time

| ® Mean: 000.00 DN
Std. Dev: 0.00 ON
| Reqm: 0.00 DN

| M/“

Signal,

993
Frame (Scan) Number, Time 93-0720-100




INTEGRATION AND
momes ALIGNMENT COLLIMATOR
5\ ¥ DESIGNS NEARLY COMPLETE

Collimator

Pointing Mirrors

9/93

93-0778-13

Source Assembly
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o BLACKBODY
\ty, CALIBRATION SOURCE
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Heater /

Positions ——p

MIDDLE CAVITY (Scale 0.100)

LN, Plates Bolt on Sldes and Back

OUTER CAVITY (Scale 0.100)

Control
PRTs




MGBC OPTICAL HUGHES

SC H E MATI C D RAWI N G SANTA BARBARA RESEARCH CENTER
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"Dual” SIS ! | Navitar
Assembly i ) Aiégcl;r;l:nt
Alignment [ p——
Scope > r_ -—l : Spherical
Controllers A A “— Blackbody
™ ’_j Assembly
e ! | e
Reticle Wheel -

S R — i
| \ .

l Coltimator \! v M . — !
A \
ssembly
] “ L sl
I Moo= i Dual
| [y X ? Monochromator
(Y SN 4 Assembly
I T
m Var P4 : |
W=~ | H-—t+—- |
Fha e |
] |
|
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B32 CLASS 10,000 CLEAN
ROOM PROPOSED

MODIS TEST LAYOUT
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MODIS DEDICATED
CALIBRATION FACILITY
PROPOSED LAYOUT
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West, Outside Wall of B32

-
Room
B32/ Vac System B32/G562
1560 COntrol_L  QRRRRRKAKIAKKINIEETITEEEETEE ]
Pumps Fiiter/Blower Bank
NS -
, ping py MODIS on
MDCF Gurney
S ded Cha|mber O X O
O \\O s\
R Class 10,000 Tent | Clean & Prep =
A ;——939-— 00 T Room E562 ?)
cs aljbrator N o
. ™ N 3
' sic|] ;
G 9 )
[sis] 3
Hallway 5 Oo0 |
TAC ~._ ]
STC_PIC__SIC Y
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RISK STATUS REPORT

THIS MONTH: August, 1993

9/2/93

A omments

L Candell[Plan for meeting FY'93 funding cap continues
successfully. EM schedule is being negatively
aﬁected by longer than expected procurement
a0 u-‘ NarK-arounas .;o-a- aqaare a0

an successful in meeting NEI requirements for

EM. Crosstalk is the current concern;

requurement bemg addressed wrth Systems

ysi
bands (PL3095-M02493). The STOP analysls is
being updated; report due by November 5, 1993.

T. PaganolCorrective action recommendations presented to
GSFC on August 24, 1993 and accepted. Detailsr
of implementation plans for corrective action are

). Banach|EM SWIR/MWIR and LWIR SCAs have been
selected with high operability. Yield for flight
SCAs is still a concern.

A Test facilities are in place at Schaeffer Magnetics
DeForrest|and their check out is nearly complete. Bearing
material/lubricants screening tests to begin early

J. Figoski [Polarization contribution of each optical element
is tracked. Measured Polarization Sensttivity of
Engineering Model will serve to validate

J. Figoski |Filters fro EM and flight models are being
received from vendors. Measured data indicate
that most requirements are being met.

. Pagano|Background shields in the iR objectives and
commandable charge subtraction to the cal drive
electronics are features of the MODIS design.

,|DeForrestl pt 3095.M02305) indicates a safety margin of

A RMP has been implemented. Updated prediction}

Bank Bank Risk
This. Last [ltem
Month Month Number Risk ltem Description Mitigation Plan 7 :

1 2 006 [Performance within delivery Cost risk reduction opportunities are being
schedule, funding cap, and total  |worked with GSFC. Additional cost risk
cost constraints reduction opportunltres presented to GSFC

R — g meeting on June 23, N —

2 4 034 [HgCdTe PC Detector Peformance |Engineering model plan revised, includes |V BanachlP
phased lot processing and test cycles,
multiple test geometries processes, and
Ipassivations, o

3 3 022 §pectrai §andﬁegistration ee RMP for specifics. RandBCRfor  |J. Young
alectronic variable phase delay have been
approved.

4 1 046 Optrcal Backscatter: ghosting First determine level of noncompliance with
could resutt in failure to meet some|specifications, then develop corrective
performance specifications course of action.

5 5 035 |[HgCdTe PV Detector Operability |Pathfinder and process optimization lots

defined; multiple active indium bumps per
unit cell; A/B bank selection; dice out

6 6 029 [Scan Mirror 5rive73earing Lie MP accepted. It includes accelerated

screening test, accelerated life test, normal
speed life test of bearings, and normal speed

7 — 7 013 [instrument 50!arizatio?$ensitivity Maintain current measurement and modeling

plans to track predicted polarization
sensitivity to show that 2% specification is

8 8 032 §pectral ﬁequirements for Review requirements with Science Team;
Iselected bands utilize experienced suppliers; provide for

back up sources; second source most

9 9 033 |Dynamic ﬁinge§election for Monitor and track optical throughput
Readouts estimates; plan early measurements of

pertinent parameters on Engineering Model.

10 10 030 [Radiative Cooler cold-stage Plan is to increase radiator size (allowed by
termperature margin 170° CFOV), add additional fin radiator area

add MLI to outer cooler cover, and add LWIR
jeld

2.6K rather than design goal of 4K, Another




mobis) SUMMARY AND CONCLUSIONS m
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« ENGINEERING MODEL HARDWARE PROCEEDING RAPIDLY
« MAINFRAME HIP MATERIAL READY FOR MACHINING
« SCAN MIRROR ENCODER READY FOR ASSEMBLY
« AFOCAL TELESCOPE AND AFT OPTICS GRAPHITE STRUCTURES COMPLETE
« FOCAL PLANES FABRICATED; IN TEST
« VIS FILTERS ASSEMBLED TO MASK; REMAINDER FOLLOWING SHORTLY
- RADIATIVE COOLER PARTS IN HOUSE; ASSEMBLY PROCEEDING
« ELECTRONICS BOARDS IN FAB

« ALL PERFORMANCE REQUIREMENTS SATISFIED
« GHOSTING SOLUTIONS FOUND TO MEET TRANSIENT RESPONSE
« GROUND SUPPORT EQUIPMENT DESIGNS NEAR COMPLETION
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