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1.0 General 

1.1 Scope 

This document details steps required to assemble the Clementine Star Tracker 
Camera (STC). 

1.2 Description 

The STC consists of an Actel electronics PWA, a Thomson TI17883-FOZ-01 
Bfl CCD (Flight cameras only, prototype cameras will utilize a non-B/T 
TH7883-F02-01 unit), mechanical hardware that encases the PWA and CCD, a 
mini-concentric Wide Field of View (WFOV) lens, and a light baffle. The 
camera is used for imaging stars to determine the position of a vehicle in space. 

Assembly includes general mechanical assembly, testing to verify quality of 
optical couplant between the CCD and the lens fiber optic field flattener, 
measurement and possibly adjustment of the optical axis normal to the camera 
mounting surfaces, abbreviated electrical function testing prior to final staking, 
and final staking. 

1.3 Reference Documents and Drawings 

1.3.1 C1-ME-008, Clementine Sensors General Contamination Control Plan. 
1.3.2 C1-SO-TESD, Clementine ESD Protection Plan. 
1.3.3 Cl-S 1-TE3D7 STC Abbreviated Electronic Function Test Procedure. 
1.3.4 MIL-STD-1686, Handling of ESD Sensitive Equipment. 
1.3.5 MIL-STD-1246B7 Product Cleanliness Levels and Contamination 

Control Plan. 
1.3.6 C1-SO-005, Adhesives, Compounds, and Optical Couplants. 
1.3.7 Cl-SO-TBD, Clementine Quality Assurance Program Plan 

1.4 Deviations 

Procedural deviations or changes from specified procedures which do not affect 
the physical assembly may be made at the discretion of the responsible 
engineer. Deviations or changes which require any mechanical or electronic 
change may be made only after review and approval by a suitable Material 
Discrepancy Review Board as defined in the Clementine QA Program Plan. 

1.5 Electro-Static Discharge Control Requirements 

The STC contains electrostatic-sensitive devices which are exposed on the PWA 
and CCD prior to assembly closure and at the electrical interfaces after 
assembly closure. Therefore, it shall be handled per MIL-STD-1686 Class 1. All 
work shall be performed in an approved electrostatic discharge control area as 
defined by the Clementine Quality Assurance Group. 

The STC, the test operator (using wrist straps), and related electrical test. 
equipment shall be connected to a common ground before any electrical mating 
or de-mating operations, and during the use of any electrical test equipment 
probes. There shall be no “hot-plugging” of the test specimen with any test 
equipment. 
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All electrostatic sensitive parts shall be stored in approved antistatic storage 
bags when not i n  use. 

1.6 Cleanliness and Contamination Control Requirements 

All assembly work shall be performed in a Class 100 laminar flow hood located 
within a Class 10,000 environment as defined in LLNL document ‘Clementine 
Sensors General Contamination Control Plan’. 

Handing of all parts shall be with clean lint-free gloves. Personnel shall wear 
face and hair protective smocks when handling exposed optics. 

1.7 Photographs 

Photographs shall be taken of the unit at major subassembly steps and of the 
final assembled unit. A suitable ruler shall be used to provide scale. 

1.8 Disassembly Contingency 

Due to the optical bonding of the CCD to the lens fiberoptic, and the time 
required to dissolve this bond line, there is no disassembly of an STC allowed 
beyond step 4.3.5, with the special exception noted in step 4.3.9. If any camera 
is found to be defective at any point beyond step 4.3.5, a total restart of this 
assembly procedure is required. 

2.0 Parts List 

2.1 From the kitted assembly, where applicable, record all part serial numbers for 
this camera into the table below. 

Ouantity - Item Description Reference No. Serial No. 

07 1 Camera Housing 92- 106258 1 

v- 2 Lens Standoff 93- 102550 1 

3 End Cover 92-106249 1 

4 Baffle Assembly 92-108748 1 

5 WFOV Lens Assembly 92-109469 1 

6 Actel PWA Assembly 
Includes: 
Spacer, Tab-01 

Thermistor, Fenwal 

Nut, 2-56 
Nut, PEM, 2-56 

7 . Jackpost,Tab-08 

LEA92-3 128-03 04-6 1 

92- 1046 16 
NAS #671-C@2 
CRES 
137-562-ZXT-DO2 
93-101167 

8 CCD, Thomson TH7 8 83-FO2-0 1 
(Prototype Cameras) 

1 
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9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

CCD, Thomson 

.Pad, Circuit Board 

Pad, CCD Thermal 

Connector Bracket 

Socket head cap 
screw, 2-56 x -187 lg. 

Socket head cap 
screw, 2-56 x .250 Ig. 
Socket head cap 
screw, 2-56 x -375 lg. 

Socket head cap 
screw, 2-56 x -50 lg. 

Washer, #2 ,0  0.25 

Washer, Thermal 

Thermistor, Fenwal 

Clamp, Lens Heater 

Heater, Lens, Minco 

Switch, Sundstrand 

Tape, Reflective 

Shim, End, Upper 

Shim, End, Lower 

TH7883-F02-01 B/T m3 For g/rlq '-' 1 
(Flight Camera Only) 

92-104621 

93-102243 

92-106257 

NAS #1352-N02-3 

NAS #1352-N02-4 

NAS #1352-N02-6 

NAS #1352-N02-8 

NAS #620-N02 

93-102551 

534-3 1AG04-562 

93-102221 

HK17402-9311 

974-0014-774 

S heldahl 

93-102609 

93-102610 

1 

1 

1 

14 

6 

3 

2 

8 

6 

1 

1 

1 

1 

a/r 

2 

2 

Parts logged into assembly by: K- 69e-1 Date: yhy/G3 

2.2 Required Tools 

2.2.1 As part of this procedure, the following tools, with current 
calibration certificates, are required for assembly. 

1. Torque wrench, capable of reading 0 to 10 inch-pounds minimum, 

2.0-1 inch Micrometer with O.OOO1 inch resolution. 
3.0-1 inch Depth micrometer with O.OOO1 inch resolution. 

with 0.1 in-lb resolution. 

a 
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3.0 Adhesives, Couplants, Staking Compounds 

3.1 For additional information on all compounds, refer to Clementine 
Engineering Note C1-SO-005, 'Adhesives, Compounds, and Optical 
Couplants' 

DescriDtio n Pot Life cure Lot No, Exp. Date 

?I? l4 
477 "/ 

3 /9v 

+ 

- 1 Staking Compound - Hysol EA934NA 30 min. 2 hrs. @ 50'C 

DC 93-500 2hrs. 24hrs.@50"C - 
30 min. 3 hrs. @ 50°C c 

2 optical Couplant 
I 

3 ThermalEpoxy 

4 SilverEpoxy 

5 ThermalGrease 

1 
BA-2151 

L BA-2902 30 min. 3 hrs. @ 50°C 

DC-340 n/a n/a 4 - 
4.0 Assembly Procedure Initials I Date 

4.1 PWA Installation Into Camera Housing 

4.1.1 Remove the Actel Camera PWA, P/N LEA92-3067- 
03, from the carrier per procedure C1-SO-TBD. 

4.1.2 Using a certified micrometer accurate to O.OOO1 inches, 
measure the PWA thickness at the four thermal pads as 
shown in figure 1. Record these measurements to 4 
significant figures (nominal is -046 & O S ) .  

4 3 
FIGURE 1 

" 

Pad Thickness 

1 . O Y l o  

4.1.3 Place PWA in oven set to 50" C for 20 minutes. 
Remove PWA from oven and while still hot, bend to 
shape as shown in Circuit Board ICD drawing No. 
92-104603 and figure 2. 
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FLEX BOARD BENDING 
.125 I 

4. 

I 

A I A I 
FIGURE 2 

Using the optical comparator with the lOOX objective 
for maximum sensitivity, measure the step height at the 
four comers for PWA mounting on the Camera 
Housing P/N 92-106258 as shown in Figures 3 and 5 
(nominal is -050. +.OOO, -.005). Record these 
measurements to 4 significant figures. This step should 
be 0.0005 &O.OOOl& then the measured thickness of 
the PWA at the corresponding thermal pad areas as 
recorded in step 4.1.1. If correction is required, have 
the camera housing reprocessed, and the 2-56 threaded 
inserts installed before proceeding to step 4.1.5. 

2 3 

Measure Height 

1 

Steu Height 

1 . o Y ? Z  

FIGURE 3 

4.1.5 Remove and discard the 2 screws holding the PWA 
connector to spacers. Install Connector Bracket P/N 
92-106257 over connector. See figure 4. 
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4.1.6 Install PWA board into Camera Housing with Circuit 
Board Pad P/N 92-104621 and 2-56 washers installed 
between PWA assembly and housing heat sink. 
Important. apply a thin layer (.W1 in. thick, m a . )  of 
DC-340 thermal grease to !W&I sides of the circuit 
board pad prior to installation. 
Secure connector and connector bracket with 2 each, 
Jackposts P/N 92-104607-Tab 01. Torque to 3.5 k 0.1 

The thermistor fits in the slot on the finger of the 
Camera Housing as shown in figure 4. Be careful not 
to pinch the thermistor leads. 
Secure PWA with 2 each, 2-56 x -25 long socket head 
cap screws. Torque to 3.5 k 0.1 in-lb. 
Stake thermistor with BA-2151 thermal Compound. 
Stake fasteners with EA934NA. Cure for 3 hrs at 50 
"C. 

in-lb. 

U 

Thermal Pad with DC-340 thermal grease 
Circuit Board Pad 

PWA 

Connector Bracket 

FIGURE 4 

4.1.7 Apply a thin (-002 in. thick, ma. )  layer of BA-2902 
Silver Epoxy to 4 thermal contact pads at internal 
comers of End Cover P/N 92-106249. Place End 
Cover Shims, P/N 93-102609 and 93-102610 in 
position on corresponding end cover pads. Cure for 3 
hours at 50' C. 

4.1.8 Apply a thin (-001 in. thick, ma . )  layer of DC-340 
thermal grease to both sides of the four PWA thermal 
contact areas at comers of camera body, and the 
mating comers of the end cover/shim assembly. 
Install end cover and secure with 4 each, 2-56 x -25 
long socket head cap screws. Torque to 3.5 k 0.1 in-lb. 
Do not stake fasteners at this time. 
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4.2 CCD Installation Into Camera Housing 

4.2.1 Prior to installation of CCD into camera, with extreme 
caution so the fiberoptic is not scratched, measure the 
overall thickness of the CCD to 4 significant figures 
using the optical comparator with the lOOX objective 
for maximum sensitivity. Record this measurement to 
4 significant figures. 

CCD Thickness 1 3  9 7 

4.2.2 Install Thomson TH7883-F02-01 CCD (TH7883- 
F02-01 B/T for flight cameras only) into PWA 
connector, being careful to install CCD Thermal Pad 
P/N 93-102243 between CCD and housing. 
IMPORTANT: be sure to apply a thin (-001 in. thick, 
max,) layer of DC-340 thermal grease to both surfaces 
of the thermal pad during installation. See figure 4. 
IMPORTANT: Verify location of pin #1 with socket 
#1 prior to installation of CCD (see fig. 4). 
Visually inspect assembly to verify CCD is completely 
and evenly seated onto thermal pad. 

4.2.3 Perform abbreviated PWA board/CCD electronic 
functionality test per procedure C1-S l-(TBD), and 
verify good thermal contact between CCD and heat 
sink. 
Record results. Pass/No Pass 

If no pass, stop assembly procedure until problem has 
been identified and corrected, and camera passes 
abbreviated electronics functionality test. 

F, ,f9 

Q W S  I f lbf 
4.2.4 If pass, proceed with assembly section 4.3. 

4.3 Lens Standoff Installation 

4.3.1 Using the optical comparator with the lOOX 
objective for maximum sensitivity, measure the 
step height from the lens standoff mounting ring to 
the thermal finger surface in the camera body. 
Record this measurement to 4 significant figures. 
See Figure 5. 

Housing Step Depth 1 0 9 fl . 
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fleasure Pod Hernht 
A I  I Y CornEni 

fleaeure Step Depth 

FIGURE 5 

4.3.2 From the inspection data provided with WFOV Lens 
PM 92-109469, obtain the recorded depth from the 
face of the fiberoptic to the three mounting tabs 
(nominal is 0,125). Record these measurements to 4 
significant figures. 

Tab3 . 1 2 3 t  

FIGURE 6 

4.3.3 Calculate average depth to face of lens fiberoptic to 4 
significant figures and record answer. 

Average Depth 1230 
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I I ENGINEERING RELEASE 
A. / -  

N O T E S  
UNLESS OTHERWISE SPECIFIED: 

1. ALL D I M E N S I O N S  ARE IN INCHES. 
2. D I M E N S I O N I N G  A N D  TOLERANCING PER 

3. SURFACE TEXTURE PER A N S I  846.1-1978. 
4. 'v ALL MACHINED SURFACES. 
5. BREAK SHARP EDCES R.005 MAX M1 CHAMFER. 
E. INSIDE RADII .OlO MAX. 

A N S I  Y14.5M-1982. 

' 

7. CHEMICAL CONMRSlON COAT PER 
MIL-C-5541. CLASS 3. GOLD. 
\HlH mEAN UNT-FREE CLOVES AFlER COAnNC 

HANDLE PART 

8 y> INSTALL INSERTS FROM SURFACE INDICATE0 
'-PER MSJ3537 AFTER COATING. 
9. W A P  IN CLEAN UNT-FREE MATERIAL 

BAG k TAG WlTH PART NO. k REV. UTTER. 
DO NOT MARK ON PART. 

O l S C I I ~ I I O N  I Y A I I I I A I  

C I A S l l ~ l C A l l O N  
STAR TRACKER CAMERA ASSY. V3.1 

1111 IINIUUSIIV or CIIC~NIWA 

IbWl lHU I I * I I Y N I [  NAIHHU I A U  LENS STANDOFF 
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Add The Following: 
Lens Tab Depth .I230 LENS Lens Standoff 

CCD Thickness 

0.020 Copper Shim 0.020 

0.0003 Gap 0.0003 

. 7 3 77 O 

0.001 Epoxy Fill 0.001 

Sub-Total: 1 ' I  Elf0 Housing Step Depth 

Subtract The Following: 

Housing Step Depth o?g 'ir 

Total is Lens 
Standoff Thickness 9 3 K 4  

Housing Thermal Finger 

4.3.7 

4.3.8 

4.3.4 

4.3.5 

FIGURE 7 

Perform the arithmetic as shown in Figure 7. 
f 

Remove the lens standoff and reprocess the bottom 
surface to achieve the thickness +0.0001,' recorded 
from the arithmetic in Figure 7. 

Apply a thin layer (-001 in. thick, ma.) of DC-340 
thermal grease to the standoff-to-camera body 
mechanical interface areas. 
Install lens standoff to camera body with 1 each, 2-56 
x -375 long and 2 each 2-56 x -50 long socket head cap 
screws. Torque to 3.5 & 0.1 in-lb. 

Using the optical comparator with the l m X  objective 
for maximum sensitivity, measure distance from top of 
lens standoff to top of CCD fiberoptic at 4 positions 
(1-4) to verify that the fiberoptic surface is parallel to 
the top of the lens standoff to within 0.0001 inches as 
shown in figures 8 and 9, and matches the lens-to-tab 
depth recorded in the inspection data from the vendor 

p /qbL 

-1-6.0003 inches. If not, reposition the CCD to correct 
any error. 

il 
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\Lens Standoff 

CCD Fiberoptic Face 

P 

LVerify Depth to Fiberoptic 
Face at positons 1-4 

FIGURE 8 

+ Measure Depth 

FIGURE 9 

4.3.6 Stake fasteners with EA934NA Staking Compound. 
Cure at 60" C for 3 Hr. 

4.3.7 Do not proceed to assembly section 4.4 unless there is 
a single time span of at least 8 hours available to 
complete all steps of section 4.4. 

4.4 Lens Installation 

4.4.1 Mix a small quantity of DC 93-500 encapsulant and 
degas. Place one drop of the degassed encapsulant on 
top center of the CCD fiberoptic interface surface as 
indicated in figure 10. 
Apply a thin layer (-001 in. thick, max.) of DC-340 
thermal grease to the mechanical interface between the 
lens standoff and the WFOV lens mount tabs. 
Using extreme care to avoid any contact with the 
thermal grease, except at the mount points, place the 
WFOV lens into the lens standoff. 
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At this point, verify the lens/CCD orientation. Visually 
inspect the optical interface through the lens to ensure 
that the encapsulant is evenly spread over the 
CCDAens interface with no bubbles evident 
Secure the lens io the lens standoff with 3 each, 2-56 x 
-187 long socket head cap screws with #2 x 0 0.25 
CRES washers. Torque all 3 fasteners evenly 1/4 turn 
at a time to 2.9 k 0.1 in-lb. 

WFOV Lens Assembly 
DC 93500 Optical Couplant 

C 340 Locations 

FIGURE 10 

4.4.2 Within one hour of the procedures completed in step 
4.4.1 , perform an abbreviated camera electronic 
functionality test per procedure C1- l-(TE$D). 

If pass, proceed to step 4.4.3 
If no pass, immediately proceed to step 4.4.4 

4.4.3 Within one hour of the test performed in step 4.4.2, 
perform a flat field optical test to look for bubbles and 
even distribution at the fiberoptic interface between the 
lens and CCD. 

If pass, proceed to assembly section 4.5 
If no pass, immediately proceed to step 4.4.4 

Record results. Pass/No Pass 66% 

Record results. Pass/No Pass c > M 5  
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4.4.4 NOTE; This step is to be taken only as an emergency 
measure, and only if a BIT CCD is being used. If the 
camera fails either of the tests required in steps 4.4.2 or 
4.4.3, immediately disassemble the lens from the 
camera housing, remove the CCD, and carefully 
remove any.residual couplant from all optical surfaces 
to ensure that both the lens and the B/T CCD can be 
salvaged for reuse. 

4.4.5 If step 4.4.4 is performed, the assembly procedure is 
aborted at this point and must be re-started. 

/ 
,d,# 

4.5 Baffle Installation 

4.5.1 Install Baffle Assembly P/N 92-108748 onto the 
WFOV lens mounting tabs using 3 each, 2-56 x -187 
long socket head cap screws and 6 each, Thermal 
Isolation Washers, P/N 93-102551. Do not torque 
fasteners beyond finger tight at this time. Ensure that 
the baffle assembly is evenly centered on the front of 
the WFOV lens by observing the gap between the lens 
and the baffle. For maximum thermal resistance, 
minimize metal-to-metal contact around this interface 
and between fasteners and mounting tabs. 
See Figure 11. w- 

FIGURE 11 

4.5.2 Perform abbreviated camera electronic functionality 
test per procedure Cl-Sl-(TBD), 
Record results. Pass/No Pass 
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4.5.3 Angular orientation of the rectangular baffle cutout to 
the camera CCD is critical. Total angular tolerance is 
0.3" rotation. Visually verify orientation as shown in 
Figure 12, also verify by imaging with the camera and 
looking for any obscuration at the comers. If baffle is 
within tolerance, torque fasteners to 2.0 f 0.1 in-lb. 

I I 

LBaffle Cut-out 
FIGURE 12 

4.5.4 If camerabaffle ssembly has passed all functi nality 
tests, stake all lens, bdfle, and camera end cover 
fasteners with EA934NA. Cure for 3 hrs. at 50 'C. 
Apply Sheldahl thermal tape to front of baffle vane. 
Trim to baffle outside diameter. IMPORTANT: Do 
not apply tape within 0.060 inches of the vane edge. 
SeeFigure 12. 
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4.6 Lens Heater Installation 

4.6.1 

4.6.2 

Install Lens Heater Clamp, P/N 93-102221, and Lens 
Heater Strip, Minco P/N HK17402-9311, onto the 
W O V  lens barrel using 2 each, 2-56 x -187 long 
socket head cap screws. Be careful when routing the 
heater wires out of clamp to avoid damage to wires. 
Install temperature control switch onto lens heater 
clamp using 2 each, 2-56 x .187 long socket head cap 
screws. Place a small drop of BA-2151 thermal epoxy 
under center of switch prior to installation to ensure 
good thermal contact. Torque all fasteners to 3.5 k 0.1 
in-lb. 
Stake heater wires and fasteners with EA934NA. Cure 
for 3 hrs at 50 "C. 

I /  

i/ Bond Thermistor, Fenwal P/N 534-31AG04-562, to 
side of lens heater clamp with BA-2151 epoxy. Cure 
for 3 hrs. at 50 'C. 

... 
i 
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Appendix G.3.5 
Test Procedures 



Appendix G.3.5.1 
Calibration Data Files 



total 58 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
-rw-rw-r-- 
-rw-rw-r-- 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 
drwxrwxr-x 

28 dwd 
7 root 
2 dwd 
2 dwd 
2 park 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 park 
2 park 
1 dwd 
1 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 dwd 
2 park 
2 park 
2 dwd 

1024 Jul C 11:55 .I' 
512 Jun 2i 12:16 . . /  
512 Jun 29 19:23 OC hi centergost-vib/ 
512 Jun 30 1'2:49 OC-hi-dark current/ 
512 Jul 3 17:38 OCIlixearity/ 
512 Jun 30 12:53 OC low dark current/ 
1024 Jun 30 11:21 OC-nomznal center/ 
1024 Jun 30 11:27 OC-nominal-center-post vib/ 
512 Jun 29 13: 45 OCInoninalIdark-current/ 
512 Jun 30 11:23 OC noxinal spatial_post-vib/ 
2048 Jun 30 11 : 14 Oc-low center-post-vib/ 
512 J u n  30 12:56 lOc nominal dark current/ 
1024 Jon 30 12 :06 2GC-ncminal-cent& post v ib /  
512 Jun 30 13:37 20C-norninal-dark-cGrrent/ 
3072 Jur! 28 12:31 Optical - Distortion/ 
1535 Jill 3 17:58 Optical-Distortion 070293/ 
512 Jul C 12:49 Opticai-Distortion-O70493/ 
5886 Jun 10 11:33 PDRatio 061093.list 
5886 Jun 17 11 : 46 PDRatior061793. list 
512 Jun 30 13:17 Spectral-Response/ 
512 Jun 29 13:49 focus/ 
5632 Jul 3 17:23 images/ 
1024 Jun 30 12:14 nlOC nominal center-post-vib/ 

2048 Jun 30 12:44 n20C-nominal center-post vib/ 

7680 Jul 1 11:27 noise/ 
2048 Jul 5 10:49 noise-l/ 
512 Jul 4 12:25 on-off-test/ 
512 Jul 3 14:56 warm-up/ 

512 Jun 30 13:40 nlOC-nominal=dark-current/ 

512 Jun 30 13:44 n20C~nominal~dark-current/ 

B 



Appendix Gm3m5.2 
Environmental Acceptance Test Procedures 
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1.0 General 

1.1 Scope 

This document details steps required to environmentally acceptance test the 
Clementine CCD cameras (Star Tracker, UV/Visible and HiRes/LIDAR 
Receiver). A copy of this document shall be maintained with each camera 
Certification Log. Data specific to that camera shall be recorded in 
Appendix A of this document. 

1.2 Reference Documents and Drawings 

1.3 

1.4 

Star Tracker 
1.2.1 Drwg AAA92-100839, Star Tracker Camera Assy, V3.1 
1.2.2 Cl-S 1-017, STC Abbreviated Function Test Procedures. 
1.2.3 C1-S 1-005, Star Tracker Camera Acceptance Level Characterization 

Procedures. 
UVNisible 
1.2.4 Drwg AAA92-103601, UV/Visible Camera Assy, V3.1 
1.2.5 Cl-S2-017, UVVC Abbreviated Function Test Procedures. 
1.2.6 Cl-S2-002, UV/Visible Camera Acceptance Level Characterization 

Procedures. 
HiResLIDAR Receiver 
1.2.7 Drwg ~ ~ ~ 9 2 - 1 O 9 1 1 6 ,  HiResLIDAR Receiver Camera Assy, V3.1 
1.2.8 Cl-S4-024, HRC Abbreviated Function Test Procedures. 
1.2.9 Cl-S4-005, HiResLIDAR Receiver Acceptance Level 

Characterization Procedures. 
Common 
1.2.10 C1-ME-008, Clementine Sensors Contamination Control Plan. 
1.2.11 C1-EE-027, Clementine ESD Control Plan. 
1.2.12 C1-SO-007, Clementine Quality Assurance Program Plan. 
1.2.13 MIL-STD-1686, Handling of ESD Sensitive Equipment. 
1.2.14 MIL-STD- 1246B, Product Cleanliness Levels and Contamination 

1.2.15 ML-STD-1540B7 Test Requirements for Space Vehicles 
1.2.16 MIL-HDBK-340, Application Guidelines for ME-STD- 1540B; Test 

Control Plan. 

Requirements for Space Vehicles 

Deviations 

Procedural deviations or changes from specified procedures which do not 
affect the physical assembly may be made at the discretion of the 
responsible engineer. Deviations or changes. which require any mechanical 
or electronic change may be made only after review and approval by a 
suitable Material Discrepancy Review Board as defined in the Clementine 
QA Program Plan. 
Electro-Static Discharge Control Requirements 

B 

Each camera contains electrostatic-sensitive devices which are exposed on 
the electronics PWAs prior to assembly closure and at the elecmcal 
interfaces after assembly closure. Therefore, it shall be handled per MIL- 
STD- 1686 Class 1. All work shall be performed in an approved electrostatic 
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.. . . 

1.5 

1-6 

1.7 

discharge control area 3 s  defined by the Clemenrine Quality Assurance 
Group. 

The Camera, the test operator (using wrist srraps), and related electrical test 
equipment shall be connected to a common ground before any electrical 
mating or de-mating operations, and during the use of any electrical test 
equipment probes. There shall be no  “hot-plugging” of the test specimen 
with any test equipment. 

All electrostatic sensitive parts shall be stored in approved antistatic storage 
bags when not in use. 

Cleanliness and Contamination ControI Requirements 

All assembly work shall be performed in a Class 100 laminar flow hood 
located within a Class 10,ooO environment as defined in LLNL document 
“Clementine Sensors General Contamination Control Plan”. 

Handling of all parts shall be with clean lint-free gloves. Personnel shall 
wear face and hair protective smocks when handling exposed optics. 

Measurement Calibration and Tolerances 

1.6.1 

1.6.2 

1.6.3 Temperature k 3°C. 
1.6.4 

Data Collection and Reduction 

Test chambers and test equipment shall be certified to be within 
their current calibration periods. 
Vibration amplitude 14.0 & 1.4 g rms, 19.8 k 2.0 g rms. Power 
spectral density spectrum k 3 dB. 

Humidity shall not be condensed on the camera at any time. 

Generally all data shall be recorded using an automated system (computer + 
software). Specific net results shall be recorded in the traveller copy of this 
procedure as required. Data reduction includes compiling all data into a 
summary table as outlined in Appendix A, and graphing mean and std dev 
image results vs test, and CCD temperature value vs test. 

2.0 Equipment List 

2.1 Test Station 
2.2 Clementine Cameras Power Supply 
2.3 Clementine Filter Wheel Power Supply 
2.4 Clementine DCDC Converter Power Supply 
2.5 Sensor 5 1 -pin signal cable 
2.6 Sensor 15-pin filter wheel power/signal cable 

3.0 Testing Procedures 

3.1 Re-Random Vibration Abbreviated Function Test 

Perform Camera Abbreviated Function Test (AFT) per the referenced 
procedures. Obtain data and record on  data sheets. Keep the original data 
sheets with the camera Certification Log. 

-4- 



3.2 Random Vibration Testing 

Random vibration testing shall be performed with the camera powered off 
during dynamic loading. An abbreviated function test is required both 
before random vibration, and after all three axes of random vibration testing. 
Abbreviated function testing is not performed between axes tests. 

. _ _ _  . f . .  . . . .  . _ . .  . . _ .  .... . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  .... . _ . .  . . . .  . . . .  . . . .  . . . .  . . .  

. . . .  
.._ ...-............. 

The STC shall be tested to the 19.8 g rms level as specified in Fig. 3.1. 

The UVVC and HRC shall be tested to the 14.0 g rms level as specified in 
Fig. 3.2. 

1 ---_.-..-.-.-..-. , !;;y: [3F! 
. . .  . . . . . . . .  . . . . . .  . . . .  . . . . . . .  . .  . . _ .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . .  . . . . . . .  . .  . . . . . . .  . .  

0.01 

100 
Frequency (Hz) 

Fig. 3.1 Random Vibration Test Level 
for Star Tracker Camera 
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1 

0.01 

i 
Fig. 3.2 Random Vibration Test Level 

for UVNisible and HiResLIDAR Cameras 

(viewing direction) 

B 
Fig. 3.3 Camera Coordinate System 
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b 

3.2.1 Mount the  Test Cube wi th  a tri-axial accelerometer on the  shaker head. 
Perform a fixture survey to deternine input excitation required to achieve the 
PSD level specified in Fig. 3.1 or Fig. 3.2 as appropriate. Repeat the test for 
all three principle axes defined in Fig. 3.3. Fixture survey is required once 
only for the fixture. 

3.2.2 X-Axis 

3.2.2.1 Configure the Test Cube for x-axis testing. 

3.2.2.2 Install the Camera with lens cap in place onto the Test Cube using the 
appropriate NAS sockethead cap screws. Torque to values shown in Table 1. 

Table 1 
Camera Installation Torque Specifications 

- Size 

#4-40 
#6-32 
#8-32 

NAS# 

NAS 1 352N04-x 

NAS 1352N08-x 
NAS 1352N06-x 

Torque (in-lbfl 

14.7 k 0.3 
27.4 k 0.5 
50.7 _t 0.5 

“x” designates the length of the fastener, and is selected to fit. 

3.2.2.3 Remove lens cap. NOTE: thelens cap shall be off of the Camera for as short 

3.2.2.4 Apply specified load for 60 second duration. 

a period as practical to minimize particulate contamination. 

3.2.2.5 Replace the lens cap. 

3.2.3 Y-Axis 

3.2.3.1 Remove the Camera from the Test Cube and replace it on the Test Cube for 
y-axis testing. 

3.2.3.2 Remove the lens cap. 

3.2.3.3 Apply specified load for 60 second duration. 

3.2.3.4 Replace the lens cap. 

3.2.4 2-Axis 

3.2.4.1 Remove the Camera from the Test Cube and replace it on the Test Cube for 
z-axis testing. 

3.2.4.2 Remove the lens cap. 

3.2.4.3 Apply specified load for 60 second duration. 

3.2.4.4 Replace the lens cap. 

3.2.4.5 Remove the Camera from the Test Cube and package. 
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3.3 Post-Random Vibration Abbreviated Function Test 

3.4 

i 

Perform Camera Abbreviated Function Test (AFT) per the referenced 
procedures. Obtain data and record on data sheets. Keep the original data 
sheets with the camera Certification Log. 

Thermal Cycle Testing 

The unit shall withstand thermal cycling testing that is 10°C below the min. 
operational limit, and 20°C above the max. operational limit. Testing shall 
be from -30 "C to +20 "C at 5 3 "C/min over six (6) cycles. Testing shall 
begin at room temperature, drop at the specified rate to -30 "C, increase to + 
20 "C, et cetera until all six cycles are completed. 

The unit shall be mounted on small aluminum plate with a light layer of DC 
340 thermal silicone between the mounting feet and the plate. Cooling straps 
are not required for this test, except for the stepper motors on the UV/Vis 
and HiRes cameras. Nylon standoffs are required between the plate z d  the 
floor of the thermal chamber. 

The unit shall be powered "on" during the entire thermal cycle test duration. 
Camera electronics shall be in the disabled state except during AFT. The 
filter wheel electronics shall be in the Hold mode, except during AFT. 

Function testing per Camera-specific AFT Procedures shall be performed at 
each temperature limit, for 5 minutes near the beginning of the dwell time 
and for 5 minutes near the end of the dwell time. Dwell time at maximum 
and minimum temperature shall be 1 hour. 

Read the external Fenwall thermistor with an approved DVM to monitor the 
Camera temperature. 

NOTE: Testing may be interrupted at a 20°C temperature setting, then 
resumed at a later time. 

3.4.1 Cycle 1, -30°C 

Ramp the Camera down to -30°C at a rate c 3"C/minute. Allow temperature 
to stabilize within k 3°C. Perform AFT. Wait until near the end of the dwell 
period, then repeat AFT. 

3.4.2 Cycle I ,  +20"C 

Ramp the Camera up to +2OoC at a rate c 3OC/minute. Allow temperature to 
stabilize within f: 3°C. Perform AFT. Wait until near the end of the dwell 
period, then repeat AFT. 

B 
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3.4.3 Cycle 2, -3OOC 

Ramp the Camera down to -30°C at a rate < 3"C/minute. Allow temperature 
to stabilize within 2 3°C. Perform AFT. Wait until near the end of the dwell 
period, then repeat AFT. 

3.4.4 Cycle 2, +20"C 

Ramp the Camera up to +20"C at a rate c 3"C/minute. Allow temperature to 
stabilize within k 3°C. Perform AFT. Wait until near the end of the dwell 
period, then repeat AFT. 

3.4.5 Cycle 3, -30°C 

Ramp the Camera down to -30°C at a rate < 3"C/minute. Allow temperature 
to stabilize within k 3°C. Perform AFT. Wait until near the end of the dwell 
period, then repeat AFT. 

3.4.6 Cycle 3, +2OoC 

Ramp the Camera up to +20"C at a rate < 3"C/minute. Allow temperature to 
stabilize within k 3°C. Perform AFT. Wait until near the end of the dwell 
period, then repeat AFT. 

3.4.7 Cycle 4, -30°C 

Ramp the Camera down to -30°C at a rate c 3"C/minute. Allow temperature 
to stabilize within f 3OC. Perform AFT- Wait until near the end of the dwell 
period, then repeat AFT. 

3.4.8 Cycle 4, +2OoC 

Ramp the Camera up to +20°C at a rate c 3"C/minute. Allow temperature to 
stabilize within zk 3°C. Perform AFT. Wait until near the end of the dwell 
period, then repeat AFT. 

3.4.9 Cycle 5, -30°C 

Ramp the Camera down to -30°C at a rate < 3"C/minute. Allow temperature 
to stabilize within k 3°C. Perform AFT. Wait until near the end of the dwell 
period, then repeat AFT. 

3.4.10 Cycle 5, +20"C 

Ramp the Camera up to +20°C at a rate < 3OC/minute. Allow temperature to 
stabilize within -t- 3°C. Perform AFT. Wait until near the end of the  dwell 
period, then repeat AFT. 

3.4.1 1 Cycle 6, -30°C 

Ramp the Camera down to -30°C at a rate c 3"C/minute. Allow temperature 
to stabilize within f 3°C. Perform AFT. Wait until near the end of the dwell. 
period, then repeat AFT. 

B 
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3.4.12 

3.5 

3.5.1 

Cycle 6, t20T 

Ramp the Camera up to +20"C at a rate < 3"C/minute. Allow temperature to 
stabilize within k 3°C. Perfom AFT. Wait until near the end of the dwell 
period, then repeat Am. 

Thermal Vacuum Cycling 

The unit shall withstand thermal vacuum cycle testing that is 5°C below and 
above the min. and max- operational limits. Additionally, radiometric 
response shall be verified at -20°C and 0°C for correlation to calibration data 
acquired in a dry N2 forced convection thermal chamber. 

Testing shall be from -25 "C to +5 "C at I 3  OC/min over one cycle with 
ambient pressure of 5 1 x 10-4 torr during the entire test Temperature shall 
be provided by a controlled cold plate and cooling shroud. Testing shall 
begin at room temperature, drop at the specified rate to -25 "C, then increase 
to -2OoC, then increase to 0 "C, then increase to +5"C. The temperature of 
the cold plate and cooling shroud shall remain the same during testing. 
Abbreviated function tests shall be performed at -25O and +5"C temperature 
limit Abbreviated calibration measurements shall be performed per 
referenced calibration documents at -20°C and 0°C. Dwell time at test 
temperatures shall be > 2 hours. 

The camera need only be powered on during the 2 hour dwell time at 
temperatures. Camera may be Disabled and filter wheel in Hold, except 
during AFT and abbreviated calibration measurements. An AFT shall be 
performed near the beginning, and near the end of the dwell period. 

Configure the Camera in the thermal vacuum chamber as shown in Fig. 3.4. 
Note that the light source may be inside or outside the chamber as long as 
the irradiance is measured with a calibrated radiometer at various locations 
of the optical aperture of the Camera. Conditioned power and SASI interface 
are required. Temperature stability shall be determined by the lens 
thermistor. 
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cooling shroud 

I 

thermal vacuum chamber / 

3.5.2 

3.5.3 

3.5.4 

I 'I 

I I l l  

30 Vdc 
Power 

/ 

Test In t e dace 
Station 

Vacuum Test Schematic Fig. 3.4 Thermal 

he -WAC Check Out 

With the cold plate operating at 2OoC, Perform an AFT to verify camera 
operation. 

-25°C TVAC 

Evacuate the chamber to < 1 x 10-4 torr. 

Ramp the cold plate and shroud down to -30°C at a rate c 3"C/minute. 
Allow temperature to stabilize within f 3°C. Perform AIFT. Wait until near 
the end of the dwell period, then repeat AFT. 

-2OOC TVAC 

Ramp the cold plate and shroud up to -2OOC. Perform abbreviated 
calibration measurements. Record all data per section 3.5, "Thermal 
Vacuum Cycle Testing" found in Appendix A. 

Compare results with data obtained during full calibration in dry N2. 
Determine if there is any statistically substantiated change in performance. 
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3.5.5 

3.5.6 

3.5.7 

3.6 

.-- 

I 

+O°C TVAC 

Ramp t h e  cold plate and shroud up to 0°C. Perform abbreviated calibration 
measurements. Record all data per section 3.5, "Thermal Vacuum Cycle 
Testing" found in Appendix A. 

Compare results with data obtained during full calibration in dry N2. 
Determine if there is any statistically substantiated change in performance. 
+5"C TVAC 

Ramp the cold plate and shroud up to +5"C at a rate c 3OC/minute. Allow 
temperature to stabilize within k 3°C. Perform AFT. Wait until near the end 
of the dwell period, then repeat AFT. 

Post-TVAC Testing 

Turn the cold plate and shroud off and return back to ambient temperature. 
Vent slowly with dry nitrogen to return the chamber to one atmosphere. 
Perform AFT.. Remove the Camera from the chamber and return back to it's 
storage container. 

Bum-In 

The unit shall accumulate, as a goal, a total of 300 cumulative hours of 
Camera electronics powered-on operation. Powered-on time accumulated 
during other tests (e-g. - thermal cycling, etc.) count toward the 300 hours. If 
300 hours is satisfied by the end of all testing (environmental ATP and 
calibration), then additional bum-in testing is not required. 

The stepper motor electronics must accumulate, as a goal, a total of 300 
hours of powered-on operation. Of these 300 hours, 5 hours of stepping shall 
be attained with the remaining 295 hours with the electronics in the hold 
mode. For reference, at one filter position change per 0.35 sec stepping time, 
this equates to > 51,400 filter position changes. 

4-0 Mechanical and Mass Properties 

4.1 Review all relevant mechanical features of the unit against LLNL interface 
control drawing, latest applicable revision, for conformance. Mark the actual 
measured dimension in green on the assembly drawing included in the 
Camera Certification Log. Note any descrepancies. 

STC drawing AAA92-100839 s/N: 53-213 

UVVC drawing AAA92-103601 SIN:  

HRC drawing AAA92-109116 S/N:  

4.2 Weigh the Camera to the nearest gram. 
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Appendix G.3.5.2.1 
Random Vibration Test Data 

7 



Appendix A - Camera Environmental Test Data Results 

3.1 Pre-Random Vibration Abbreviated Function Test Unit S/N: LT 313 

Test 

Re- 
Rndm 
Vibe 

TJ'C) Tau Gain Offset Filter mean sigma 
(msec) (e-/ct) (level) (ctr wl) (cts) (cts) 

Axis 

X 
Y 
Z 

3.3 Post-Random Vibration Abbreviated Function Test Unit S/N: ST 313 

Measured level (g rms) Measured duration (sec) 

14. g 5 -  
It. 6 )  

i f .  I77 

Test 

Post 
Rndm 
Vibe 

~ -13- 

T-("C) Tau Gain Offset Filter mean sigma 
(msec) (e-/ct) (level) (ctr wl) (cts) (cts) 



Appendix G.3.5.2.2 
Thermal Cycle Test Data 



3.4 Themial Cycle Testing Unit  S/N: 
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3.5 Thermal Vacuum Cycle Testing 

Test TJOC) Tau Gain Offset Filter mean 
(msec) (e-/ct) (level) (ctrwl) (cts) 

-25°C 
TVAC 

Unit S / N :  

sigma 
(cts) 

TVAC Test Results 

Test T J C )  Tau Gain Offset 
(msec) (e-/ct) (level) 

-25°C 
TVAC 

3.5.2 Pre-TVAC Abbreviated Function Test Results 

Filter mean sigma 
(ctrwl) (cts) (cts) 

3.5.3 -25°C TVAC Abbreviated Function Test Results 

~ 

3.5.4 and 3.5.5 -20°C and 0°C W A C  Abbreviated Calibration Test Results 

Camera Settings 

Notes: 
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TVAC 

TVAC Calibration Results 

N2 TVAC 
Para meter I -20°C I -20°C I 0°C I ooc 

Test T-("C) Tau Gain Offset Filter mean 
(msec) (e-/ct) (level) (ctr wl) (cts) 

+5"C 
TVAC 

N2 
Pixel sensitivity, C1 [gray 

sigma 
(cts) 

I levels/( d/m*-str-pm)l 

Test T-("C) Tau Gain Offset Filter mean 
(msec) (e-/ct) (level) (ctrwl) (cts) 

+5"C 
TVAC 

sigma 
(cts) 

I I 
1 

Dark level [cts] / FPA temperature 
during measurement [K] 

Dark current [cts] / CCD 
temperature during measurement 
E"c1 
Electronics warm-up effect [mean 
gray level vs time graph] 

CCD temperature vs time graph 

1 

Lens temperature vs time graph 
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3.6 Burn-In 

Cummulative Operation Time (Hrs) 

I I 
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4.1 Mechanical and Mass Properties 

STC drawing AAA92-100839 

UVVC drawing AAA92-103601 

HRC drawing -92- 109 1 16 

SIN:  

SIN:  

Applicable drawing revision: 

Measure relevant dimensions indicated on a copy of the referenced drawing 
and mark the measured value on the drawing. Keep this marked drawing 
with the Certification Log. 

4.2 Mass 

Mass= 2% grams 

I : 
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Control Acc. 7704-50 1 
h response accels. SD Analyzer 

TEST REQUEST 

mE: 3 - 2 8 4 9  

PHONE 2 - 8 8 4 8  
FACILITY OPR: Lori Stoneham 

INSTRUMENTATION: Dave Warwas 
PHONE: 4 - 4 5 4 1  

PEAPONS TEST GROUP TESTNO: 2 9 5 3 - /  
{EAPONS ENGINEERING DIVISION TEST PLAN TO FOLLOW: Yes- No 

Accou\cTr\K): 7 0 6 9 - 2 9  
DATE: May 1993 

tl ITLE: Clementine Sensors 
Idg: 131 Facility: UD Shaker Start Date: 4/19/93 Duration: 3 months L 

FFFRFNCFS: i?lwaG3 HAZARD: MATERlAL. AMOUM- 
0: UNC: X MPLOSNES: 
SSY PRINT#: CRD: RADIcI(\cTNE: 
SSY PRINT#: SRD: TOXIC: 
MER: Camera Design Document N U :  FLAMMABLE: 

ETAILS: 

3meras: ,star Tracker, UV/VlS. LIDAR and NIR -- See design document which will reside at control console. 
lw-rzob/? rEdPht+oClx-~ 3. 

Each camera will be vibratedAusinQ a one-minute ramp up to run level and a M-minute run time in each of three - .r . .  

Verify bolVscrew torques, lock washer use, etc. on the camera system prior to vibration. 
Use the ~ a m e  nominal-torques each test at the shakerkube and cubelcamera interface and enter the above vaiues 
with each test record. rvlark torques on cube. 

camera purpose - prototype, flight unit, or backup. 
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4 

1 Photograph each test unit including card ID with hardware number and date of test. Also include 
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TEST REQUEST 

I I 

WEAPONS TEST GROUP 
WEAPONS ENGINEERING DIVISION 

PHONE: 4 -4541 

TEST NO: 2953 

ACCXXNTNO: 7069-29 
TEST PIAN TO FOLLOW: Yes- 

DATE: May 18, 1993 

No 

TITLE: Clementine Sensors 
Bldg: 131 Facility: U D  Shaker Start Date: 4/19/93 Duration: 3 months 
REFERENCES: 
J.0: UNC: X EXPLOSIVES: 
ASSY PRINT#: CRD: RADIOACTIVE: 
ASSY PRINT#: SRD: TOXIC: 
OTHER: Camera Design Document NEIA: FLAMMABLE: 

PART CLASS: HAZARD: MATERIAL AMOUNT 

TRANSDUCER NO. OF RECORDING DEVICE 
TYPE CHANNELS READOUT 

I I 
- Control Acc. 7704-50 - .NQ response accels. 

1 Mag. Tape 
S D  Analyzer 

- 
OTHER: VISUAL: NO HAZARD: X 

REQUESIER: Jim Dickie 

TEST ENGINEER: Bill Ford 

FAClLlN OPR: Lori Stoneham 

INSTRUMENTATION: Dave Warwas 

DATA ACQUISITION 
PHONE 3-2351 

PHONE 3-2849 

PHONE: 2-8848 

DETAILS: 

Cameras: Star Tracker. UV/VlS. LIDAR and NIR -- See desip document which will reside at control console. 
- Each camera will be vibrated using a one-minute ram;, up to run level and a two-minute run time in each Of three 

camera axes. No thermal conditioning plans m. 
Only one control channel on the "0" cube fixture will be used as input. 

. Verify bolt/screw torques, lock washer use, etc. on the  camera system prior to vibration. 
- Use the Same nominal torques each test at the shakerkube and cubekamefa interface and enter the above vilues 

with each test record. torques on cube. 
- Photograph each test unit including card ID witlCl hardware title and serial number and date of test. Also include 

camera purpose -- prototype, flight unit, or backup. 

f93-017 WSFllcd 
Distribution: 
Gickie, Jim 
Ford, Bill 
Samoian, Ron 

Stoneham, Lori 
Warwas, Dave 
Woelffer, Bob 

l 0 ( r - -  ~ 

Weapons Test Group Leader 

WTG File 
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Appendix H 
Certification Log for StarTraeker A (ST 314) 



StarTracker Camera 
Document No. C1 -AAA92-106282, Tab 02 

Flight No. 2 
Serial No. ST-314 

May 3, 1993 



Appendix H.l 
Summary Technical Data 



Summary Technical Data 

ST 314 

Parameter 

Mass 

Current at 22OC 
+5 Vdc analog 
+5 Vdc digitall 

+15 Vdc 
-5 Vdc 

-15 Vdc 

Lens Heater Resistance at 
2 2 O  C (ST ONLY) 

Specification 

<483g 

< 155mA 
< 14OmA / < 410 mA 
<60mA 
< 140 mA 
<30mA 

450 f 45 Q 

Measured Value 

285.6 g 

1 0 7 . M  / 105mA 
51mA / 292mA 
41.211~4 / 41.21nA 
101 mA / l0lmA 
13.76 mA / 13.76mA 

454 Q 

1 These values are with data bus disabled / data bus enabled with150 ohm 
termination. 

ATPKlementine Program Lawrence Livermore lY National Laboratory 
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Appendix H.2 
Board Assembly Log 



Appendix H.2.1 
Operations Sheet 



I 

Part Number 
LEA92-3128 

... 

Serial No. 
Pioneer 04-01 0 

C1 emen t i ne 

Account Number: 
7069-26 

Operations Sheet, Assembly 

Release To (Shop): 
1883 

Parts List or 
Dwg Number 

Schematic, LEA92-3128-01- Rev O S  ~ ~~ 

Bill of Material, LEA92-3128-04 Rev OB 

Dwg Chg Eco Description or Remarks Opr Q A  
Letter Number 

Assembly Procedure, LEA92-3128-05 

Assembly Drawing, LEA92-3128-05 Rev OA 

Fabrication Drawing, LEA92-3128-07 Rev OA 

Assembly Log # 
AL024 

End Use 
Flight 
Production: 



Appendix H.2.2 
Work Sheets 



Work Sheet 
Part Number: Serial # : Title: 
LEA92-3128 PO4-010 Pioneer Fabricated Actel Startracker Board 

Sheet:  
f 

I I 

# loperation 
I 

Date: IOpor. I Insp. 



Work Sheet 
Part Number: Serial # : Title: Sheet: 
LEA92-3128 PO4-010 Pioneer Fabricated Actel Startracker Board 2 

# Operation Dato: Opor. 



Work Sheet 
Part Number: Serial # : Title: Sheet: 
LEA92-3128 P04-010 Pioneer Fabricated Actel Startracker Board 3 

# Operation Date: Oper. 

i 



Work Sheet 
. 

Part Number: Serial # : Title: I Sheet: 
LEA92-3128 P04-010 Pioneer Fabricated Actel Startracker Board 

I I t # loperation Date: -+- Oper. Insp. 



W o r k. S h ee t 
LEA92-3128 PO4-010 Pi0 n ee r Fabricated Act el Start racke r Board 

# Operation Date: 

Part Number: ISerial # : I Title: Sheet: 
?r 
J 

I 

I 
Oper. Insp. 

I 

I 



Work Sheet 



Work Sheet 
Part Number: 
LEA92-3128 

Serial # : Title: Sheet: 
P04-010 Pioneer Fabricated Actel Startracker Board 

# 
~- 

I ‘I 

79 

83 

- I 

C I  

Insp. F 



Work Sheet 
Part Number: 
LEA92-3128 

Serial # : Title: I Sheet: 
PO4-010 Pioneer Fabricated Actel Startracker Board 

E 
I I 

Operation I Date: 

I 

-+ Oper. Insp. 







Work Sheet 
Part Nu 
LEA92-2 

# 

I30 

I33 

mber: Serial # : Title: Sheet: 
128 PO4-010 Pioneer Fabricated Actel Startracker Board 

Operation I Date: IOper.  I Insp. 
I 1  

I I I 

I I I 



Work Sheet 
Part Number: ISerial # : ITitle: I Sheet: 
LEA92-3128 PO4-010 Pioneer Fabricated Actel Startracker Board 

# Operation Dato: 4 Opor. Insp. 





Work Sheet 
Serial # : 
PO4-010 

Title: Sheet: 
Pioneer Fabricated Actel Startracker Board 17 

# Operation 
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Appendix Ha2.3 
Bill of Materials 



.. . . . .. . 

I 'L 

University of California 
Law re n ce Live rm o re 
National Laboratory 

Actel Camera with Gain and Offset Control 
St art rac ke r Co nf ig u ratio n 

Rev. 00 Printed Wiring Board 
Bill of Materials, Rev. 00 . 

LEA92-3128-04 

22 March 1993 LEA92-3128-04 
Actel Startracker Revision 00 
Bill of Materials 

Approval I 

1 



. .  .. .. ..... . .* .  .>.,.,. .... ,.. . . 

1.0 Scope 

This document is the bill of materials for the Actel Camera with Gain and Offset 
Control for use in the Startracker, Rev 00 Printed Wiring Board, LEA92-3128-04, 
Rev 00. 

2.0 Parts 

Where a dual part number listing exists, the first number listed is a commercial 
part suitable for prototype work only. If the MIL-SPEC part is not available at the 
time flight boards are assembled, Quality assurance must OK the use of the 
commercial part on a part by part basis in writing. 

Parts may not be substituted without the written permission of the Quality 
Assurance Group. 

Item 

1 

2 

3 

Dty. 

44 

5 

Designator 

C1 ,C3,C5,C6, 
C15,C21, 

C23,C25,C26 , 
C30,C31 ,C33, 
C34,C38,C39, 
c40 ,c42,c44, 
C45,C47,C48, 
C54,C56,C57, 
C58,C59,C60, 
C63,C64,C66, 
C67,C70 ,C9 1 , 

C92,C98,C102, 
C103,C104,C106, 
~109,C112,C1I4, 

C121 ,C124 

22,C51 ,C61 ,C62, 
c122 

c 9  

Description 

0.039 pF, 
50V, lo%, 
FR=O.O1 %I 

1000 hr 

4.7 pfd, Tant, 
lOV, lo%, 

WFR=O.Ol%/ 
1000hr 

47 pfd, Tant, 
20v, 10% 

C a s e  

RM1206 

H-CASE 

R-CASE 

Mfg. / 
Part Number 

CDR32BX393AKUR 

CWR06FH475KC 

Sprague / 
195D476X9020R2T 

.. . . 

I 

2 



Item 

4 

C12,CI 3,C17, 
C105 

5 
z9. 
6.8 pfd, Tant, 

I ov, 1 O Y O ,  

6 

35v, IO%, 
WFR=O,Ol %/ 

1000hr 
I .  r 
0.022 pfd, 
IOOV, IO%, 
FR=O.OI %/ 

b *9 

7 

c53 

8 

1000hr 
o c  019’8 
8 ,  O P Y A  

15 pf, 
1oov, 5y0, 
FRzO.01 Yo/ 

1000hr 
i Y . a s  
17#’7< 

9 

10 

11 

- 
12 

Desi nator Descri tion 41” 
CIO,C1 1 

c20,c110 

c22,c24,c29, 
C69,C9OYC1 18 

c32, c52 ,c94 f 
c95 

c35 

C49,C50 

22 pfd, Tant, 
15v, lo%, 

WFR=O.Ol%/ 
1000hr 

19.8 

Case 

G-CASE 

E-CASE 

F-CASE 

H-Case 

G-CASE 

RC1206 

D-CASE 

RM1206 

RM1206 

Mfg. I 
Part Number 

CWR06HH226KC 

CWR06FH685KB 

CWR06JH685KC 

CWR06JH226KC 

CWROGKHI 06KC 

Garrett I 
1206Z224M500N 

CWROGMHI 05KC 

Garrett / 
CE223K3N R 

CDR32BP150BJUR 

3 



lterr Description 

13 

_1_1 

14 

- 
15 

- 
16 

17 

18 

19 

20 

I 

Mfg. / 
C a s e  Part Number 

I 

3300 pf, 
5OV, 1 O%, 

FR=0.001%/ 
1000hr 

2q 70 

0.01 pfd, 

lOOOhr 

3 L  30 

lOOV, lo%, 
FR=O.Ol%/ 

b.ob'? 

Qty. 1 Desi g nalor 

RC0402 Novacap I 
RC0505 0402B332K500N 

CDRl l  BP332AKUS 

RM1206 CDR32BX103BKUR 1 

1 

I 
I D1 

D2 

C83 

c111 
' e 0  I f  

47 Pf, 
lOOV, 5%, 

RM1206 CDR32PB470BJUR 

270 pf, 
lOOV, 10%. 

FR=O.Ol %I YY.U 
1000 hr k ~ .  3s 

RM1206 CDR32BP271 BKUR 

Diode, 
Vo I t ag e 

Reference 

Reference, 
Voltage, 

Precision, 
1 ov, 

REF-01 

LM285-1.2 

FR=O.OI%/ I I 

SOIC-8 

SOIC-8 

IOOOhr 

SOT-23 

D4,D5 Diode, 
Schottky, 30V 

BAT54S 

SOT-23 

JP4, JP6, JP7, JP9, Jumper, 
JP11 ,JP13,JP14, 0 Q, 1 %, 

JPl5,JP16 . 1/4 Wait 

L1 ,L3,L4 Inductor, 
100 pH 

RM1206 

LQH4 

MBAV74L 

I 

Linear I 
LM285MX-1.2 

5 IJ 
$ 1  j-CZ 

PMI I 
REF01 CS 

SiJ 

Phillips I 
BAT54S 5 It' .XI7 . . 

L333 0 3 i , - I G  
D55342K07BOODOS 

MuRata Erie / 
LQH4N 1 0 1 K-TA 

4 



! 

Item 

23 .. 

24 

25 

26 

27 

28 

29 

30 

31 

aty. 

1 

- 
1 

5 

- 
3 

- 
3 

2 

2 

2 

Designator 

L5 

J1 

Q1 ,Q4,Q9, 
.;5 Q10,Qll 

This space left 
ntentionally blank 

R14,R31 

R15,R32 

.. ..... )il.*..\ . I_ 

Description 

Inductor, 
10 pH 

Connector, 
51 Contact, 

Socket 

Transistor, 
FET, 

SST215 

Tra'nsistor, 
2N3904 

F'f709, 6$7'/b 

Transistor, 
2N7002 

7.5 Kc2,1%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol%/ 
lOOOhr 

243 Q, 170, 
1/4 Watt, 
1 OOppm, 

1 OOOhr 

114 Watt, 
100 ppm, 

FR=O.'Ol Yo/ 

1.82 KQ, 1 Yo, 

FR=O.Ol %I 
1000hr 

C a s e  

LQH4 

MDM51 

SOT-1 43 

SOT-23 

SOT-23 

RMl206 

RM1206 

RM1206 

Mfg. I 
Part Number 

MuRata Erie / 
LQH4N1 OOK-TA 

Calogic / 
N o  Substitute 

Calogic No. SST215E 

Motorola / 
MMBT3904 

No Substitute 

Motorola / 

No Substitute 
2N7002 . 

D55342K07B243DR 

D55342K0781 E82R 

5 



lten 

32 

- 
33 

- 
34 

- 
35 

36 

37 

38 

- 
1 

II 

1 

I_ 

1 

- 
1 

- 
1 

Designator 

R16,R116,R130 
R133,R136 

R17,Wl ,R49, 
R74, R94, R95 

TEMPORARILY 
LOAD R49 

R18 

R20 

R24 

R25 

R26 

Descriptio1 

49.9 Q, 1%, 
1/4 Watt, 
100 ppm, 

FR=O.OI%/ 
1000hr 

1.0 m, 1%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol %/ 
1000hr 

2.49 KQ,l%: 
1/4 Watt, 
100 ppm, 

FR=O.Ol Yo/ 
1 OOOhr 

2.7 m, 2%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol Yo/ 
1000hr 

1.62 KQ, 1 %, 
114 Watt, 
100 ppm, 

FR=O.OI Yo/ 
1 OOOhr 

9-09 m, 1%, 
114 Watt, 
100 PPm, 

FR=O.OI%/ 
1000hr 

24.3 m, 1%, 
114 Watt, 
100 ppm, 

1000hr 
FR=O.O1%/ 

Case 

RM120[ 

RM120t 

RM120E 

RM1206 

RM1206 

Mfg. / 

D55342K07B49D9R 

D55342K07Bl EOOR 

D55342K07Bl E62R 

6 



Item 

32 

33 

P 

34 

35 

36 

37 

P 

38 

Qty. 

5 

5 

1 

1 

1 

1 

Designator 

R16,R116,R130 
R133,R136 

R17,R21, 
R74,R94,R95 

R18 

R20 

R24 

R25 

1 

Description 

49.9 Q, 1%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol "/o/ 
IOOOhr 4% YO I 

1 .o my 1 Yo, 
1/4 Watt, 
100 ppm, 

FR=O.Ol "/o/ 
1000hr 
990 

/ r O  1 0  

2.49 KQ, 1%, 
114 Watt, 
100 ppm, 

1 O O O h r  

1/4 Watt, 
100 ppm, 

1000hr 

1/4 Watt, 
100 ppm, 

FR=O.Ol %/ 
1000hr 

/ e 6 0 3 8  
/ e  6362 

9.09 Ksz, 1%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol %I 

S6,3y? 

FR=O.OlYd 
2, Q C S l  
2, Sf Y? 

2.7 Ksz, 2%, 

FR=O.OI %/ 

21 c73 
q,? x7  

1.62 Ksz, 1 Yo, 

1000hr 
9 .  T q q  I 

. 1/4 Watt, 

1 O O O h r  

9, IP69 
24.3 Ksz, 1%, 

100 ppm, 
FR=O.Ol%/ 
hY. 657 
&ti TY3 

R26 

C a s e  

RM1206 

RM1206 

RM1206 

RM1206 

RMl206 

RM1206 

RM1206 

Mfg. I 
Part Number 

D55342K07Bl EOOR 

D55342K07Bl E62R 

6 



Item 

39 

- 

- 
40 

41 

- 
42 

_II 

43 

R102,R129,R132 
R I  35,RI 40,R141 

Description 

7.68 my 1 %, 
1/4 Watt, 
100 ppm, 

1000hr 

1/4 Watt, 

1000hr 

FR=O.OI %/ 

0 Q, 1%, 

100 ppm, 
FR=O.OI %/ 

10 KQ, 1%. 

- 
1 

- 
4 

- 
1 

I_ 

2 

Mfg- / 
C a s e  Part Number 

RM1206 D55342K0767E68R 

RM1206 D55342K07BOODOR 

RM1206 D55342K07BlOEOR 

R30 

R37,R115, 
R49,R122,R128 

DO NOT LOAD 
R49 OR R128 

R38 

R42,R43 

1/4 Watt, . 

IOOOhr 

2.15 KQ, 1% 
114 Watt, 

1000hr 

100 Q, t%, 
114 Watt, 
100 ppm, 

FR=O,OI %/ 
1000hr 

3.01 my I%, 

100 ppm, 

100 ppm, 
FR=O,Ol%/ 

100 ppm, 
FR=O.Ol%/ 

114 Watt, 

1000hr 
FR=O.Ol%/ 

30 S Z ,  2%, 
114 Watt, 

lOOOhr 

100 ppm, 
FR=O.O1%/ 

RM120E 

RMI 206 

RM1206 

D55342K07B2E15R 

D55342K07Bl OODR 

D55342K0763EOI R 

D55342K07630GOR 

7 



Item 

39 

- 
40 

41 

42 

43 

44 

_________________ 
45 

Qty. 

1 

- 
2 

- 
9 

- 
1 

- 
4 

- 
1 

- 
2 

Desianator 

R27 

R28, R9 1 

R29,R48,RIOl, 
R102,R129,RI 32, 
R135,R140,R141 

R30 

R37,RI 15, 
R122,RI 28 

R38 

R42, R43 

Description 

114 Watt, 

FR=O.OI %/ 
1000hr 7. GO sz 

?,79GS 
0 Q, I%, 
114 Watt, 
100 ppm, 

FR=O.OI %I 
1 OOOhr 

10 m, 170, 
1/4 Watt, 
100 ppm, 

FR=O,Ol %I 
1000hr 

114 Watt, 
100 ppm, 

FR=O.OI Yo/ 
1000hr 

Zf t L O S  
2 r t 7 1 5  

100 n, 1 Yo, 
114 Watt, 
100 ppm, 

FR=O,Ol%/ 
IOOOhr 

1 /4 Watt, 
100 ppm, 

FR=O.Ol Yo/ 
IOOOhr 

30 Q, 2%, 
1/4 Watt, 

lOOOhr 

7.68 m, I%,  

100 ppm, 

9.9 0 
(0 ./ 0 

2.15 KQ, 1 Yo, 

10  ' 9  
3.01 KQ, lYo, 

&tq74p  
3 r 0 4 b 1  

100 ppm, 
FR=O.Ol%/ 

2qv Yo 
. 9400 

C a s e  

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

Mfg. I 
Part Number 

D55342K07BOODOR 
. 

D55342K07Bl OEOR 

D55342K07Bl OODR 

D55342K07B3E01 R 

D55342K07B30GOR 

7 



Item - 
46 

_II 

47 

48 

49 

Description Qty. 

2 

_I 

1 

- 
1 

Mfg. I 
Case Part Number Designator 

R44,R93 1.96 KQ, 1 Yo, 
114 Watt, 
100 ppm, 

1 OOOhr 

114 Wait, 

1000hr 

FR=O.Ol %d 

100 KQ, 1 Yo, 

100 ppm, 
FR=O.Ol%/ 

R46 

RMl206 D55342K07Bl E96R 

RM1206 D55342K07Bl OOER . 

R92 

R96,R98,R118, 
R120 

114 Watt, 
100 ppm, 

lOOOhr 
FR=O.OI %I 

2.61 KQ, 1 %, 
114 Watt, 
100 ppm, 

FR=O.O1%/ 
1000hr 

301 Q, 1%, 
114 Watt, 

lOOOhr 

100 ppm, 
FR=O.Ol %L/ 

RM1206 D55342K07B2E61 R 

RM1206 D55342K07B301 DR 

RMl206 D55342K07B6E19R 

RM1206 D55342K07B511 DR 

! 

8 



Item 

53 

54 

55 

56 

57 

58 

59 

Designator 

R117 

I 

R121 

R124 

R125 

R131 

R134 

R137,R49 

Description 

1.14 Watt, 
1 00 .ppm, 

1 OOOhr 

649 Q, 1 %, 
1/4 Watt, 
100 ppm, 

lOOOhr 

118 Watt 

499 Q, 1%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol Yo1 
1000hr 

931 Q,1%, 
1/4 Watt, 
1 OOppm, 

1000hr 

40.2 Q, 1%, 

FR=O.Oi %/ 

FR=O.Ol%/ 

5.1 Q 1’30, 

FR=O.Ol Yo/ 

383 Q,l Yo, 
114 Watt, 
1 OOppm, 

FR=O.Ol 74 
1000hr 

178 a, 1 Yo, 
1/4 Watt, 

1000hr 

1 OOppm, 
FR=O.Ol Yo/ 

Case 

RM1206 

RM1206 

RCl206 

RM1206 

RM1206 

RM1206 

RM1206 

Mfg. I 
Part Number 

D55342K07B649DR 

KOA I 
RM73B2B5R1 JT 

D55342K07B499DR 

Dale I 
CRCWl206931 O F T  

Rohm I 
MCR1206442OR 

D55342K07B178DR 

9 



. . . 

Item 

60 

61 

62 

63 

64 

65 

66 

67 

68 

I 

Mfg. I 
Qty. Designator Description Case Part Number 

1 R139 20.0 Q1%, RM1206 D55342K07B20DOR 
1/4 Watt, 
1 OOppm, 

FR=O.Ol %/ 
1?$8hr !g 2 0 6  

1 T1 Sensor, TO-52/3 Fenwell / 
Temperature LTN11 Type 
534-31 AG04- . 534-31 AG04-562 

562 

1 u 1  Amplifier,. SOIC-8 Comlinear / 
Ope rational, CLC501AJE 
Clamping 

CLC501AJE 5;2rt7 

1 u2 Receiver, SOIC-16 National / 
Line DS34C86M 
Quad 9 3,6/ 

2b DS34C86 
I___-- 

2 U3,U27 Amplifier, SO- - 
Dual, Wide LF353M 

S’il Band 
LF353 oL:’s 3i7 

0 )  
1 u 5  Controller, JLCC-44 Thomson-CSF / 

TH7990C 

4 U6,U7, Driver, Line, SOIC-16 National / 

1 
CCD 

TH7990 t;:v 

DS34C87M 

1 U8 Converter, LCC-28 Micropower / 

j lJ  5 U12,U25 Quad 
o\lc’’Lc qrS / y 4 I Y  OYcl 1; 

DS34C87 

Analog to MP7684ATU883 
Digital 8 bit 
MP7684 

4 U9,U10,t122 Driver, Dual SOIC-8 Teledyne / 
U23 Inverting TSC4426 EOA 

TSC4426 , 5&’+ c>z 0,’ --ti c ~ s ~ ‘ ~ c ~ ~ ’ 3  
I I 1 

10 



Item 

69 

Qty. Designator 

- 
70 

Description 

- 
71 

C a s e  

SOIC-8 

P 

72 

Mfg. J 
Part Number 

Teledyne / 

- 
73 

SOIC-8 

I__ 

74 

National / 
LF356M 

75 

2 

1 

1 

1 

1 

76 

U17,U18 Regulator, 
Vo Rag e , 

Adjustable 
LM317 

u19 Charged 
Coupled 

DO NOT KIT Device 
CCD 

7860 or7863 

....... 

U24 Amplifier, 
Operational, 
Clamping 
CLC502 

. U26 Gate Array, 
Field 

DO NOT KIT Program, 
ACT1 020A 

U32 Converter, 
Digital to 

77 

SOIC-8 Comlinear, 
CLC502AJE 

2 

J LCC-44 

LCC20 

CXAT 

SIP-1 0 

U11 ,U30 

Actel / 
ACT1 020A-lJQ44B 

Analog Devices / 
AD558TE/883 

MicroClystal / 
20.000 MHz 

CXAT-T2 

LLNL / 
5975-64700 . 

Driver, 
Differential, 

Dual 
TSC4428 

1 

2 

f 1 

U14 I Amplifier, 

X I  Crystal , 
20 MHz 
+50ppm 

U19 Socket Socket Strip 

Analog 
AD558TE1883 

10 pin 

SOIC-8 National / 
. LM317LM 

11 



. _. - 

-.. .... . . . . .. L%...,>!L. ,\: . . . 

Description 

Spacer 

Brass CCD 
Mounting 

Nuts 

#2-56 
Stainless 
Steel Nut 

Stain less 
Steel, #2 

Washer, 

Test Points 

0.1 pfd, 
50 Volt, 10% 

Inductor, 
47 pH 

... . . . 

Mfg. I 
C a s e  Part Number 

N/A AAA92-104616-OB 
Ta b-0 1 

N/A AAA92-109126 
REV 00 

N/A NAS671C2 

NIA NAS620C-2 

NIA LLNL / 
5975-66833 

RC1206 Rohm I 
CE104K3N R-T2 

- 
LQH4 MuRata Erie / 

LQ H 4N470 K-TA 

. ... ~.~~.’:,:,:,:.~,:.:.. ......... # ...,. . . . , . . _.. . 

78 

79 

80 

81 

82 

Item IQty. I D e s i  g nator 

2 N/A 

2 N/A 

2 N/A 

2 NIA 

2 TP1 ,TP2 

83 

84 

8 C4,C7,C8,C82, 
C99,ClOO, 
C101 ,C123 

1 L2 

12 
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1.0 Scope 

This document is the bill of materials for the Actel Camera with Gain and Offset 
Control for use in the Startracker, Rev 00 Printed Wiring Board, LEA92-3128-04, 
Rev 00. 

2.0 Parts 

Where a dual part number listing exists, the first number listed is a commercial 
part suitable for prototype work only. If the MIL-SPEC part is not available at the 
time flight boards are assembled, Quality assurance must OK the use of the 
commercial part on a part by part basis in writing. 

Parts may not be substituted without the written permission of the Quality 
Assurance Group. 

Item 

1 

2 

3 

Qty. 

47 

5 

- 
1 

Desianator 

C1 ,C3,C4,C5,C6, 
C7,C8,C15,C21, 
C23,C25 ,C26, 
C30,C31 ,C33, 
c34, C38, c39, 
c40,c42 ,c44, 
C45,C47,C48, 
C54,C56,C57, 
C58,C59,C60, 
C63,C64,C66, 
C67,C70,C9lt 

C92,C98,C102, 
C103,C104,C106, 
c109,c112,c114, 

Cl21 ,C124 

C2,C51 ,C61 ,C62, 
c122 

c 9  

Description 

0.039 pF, 
50V, IO%, 
FR=O.Ol%/ 

1000 hr 

. 0 3 s  
9 0 l f 1 9  

4.7 pfd, Tant, 
lOV, 1070, 

WFR=O.Ol%/ 

.. 

1 OOOhr 

47 pfd, Tant, 
20v, 10% 

11*13 
5.17 

ci a.3 
51. 7 

Case 

RM1206 

H-CASE 

R-CASE 

Mfg. I 
Part Number 

CDR32BX393AKUR 

CWR06FH475KC 

Sprague / 
195D476X9020R2T 

2 



. .  

Description Item 

4 

- 
5 

- 
6 

7 

Mfg. / 
C a s e  Part Number 

8 

22 pfd, Tant, 
15v, lo%, 1 WFR=O.Ol Yo/ 

1 OOOhr 

___n 

9 

10 

11 

12 

G-CASE CWR06HH226KC 

Designator 

C10,Cll 

6.8 pfd, Tant, 
1 ov, 1 O%, 

WFR=O.l Yd 
1000hr 

6.8 pfd, Tant, 
20v, lo%, 

WFR=O.Ol Yo/ 
1 OOOhr 

22 pfd, Tant, 
20v, lo%, 

WFR=O.Ol %/ 
1 OOOhr 

10 pfd, Tant, 

1 OOOhr 

25V,1 O%, 
WFR=O.Ol%/ 

- 
c12,c13,c17, 

C105 
E-CASE . 

F-CASE CWRO6JH685KC 

H-Case CWRO6JH226KC 

I 

G-CASE CWRO6KH106KC 

c20,c110 

0.22 pfd, 

1.0 pfa, Tant 

1000hr 

0.022 pfd, 
lOOV, IO%, 

1 OOOhr 

50V; 10% 

35v, IO%, 
WFR=O,Ol Yo/ 

FR=O.Ol Yo/ 

c22, c24, c29, 
C69,C9O,C118 

RC1206 Garrett I 

D-CASE CWRO6MH105KC 

1206Z224M500N 

RM1206 Garrett / 
CE223K3NR 

c32,c52 ,c94, 
c 9 5  

15 pf, 
lOOV, 5%, 

c35 

C46,C93 

RM1206 CDR32BP150BJUR 

C49,C50 

c53 

FRzO.01 Yo/ 
1000hr 

3 



.... ......... 

1 

2 

- 
1 

1 

1 

Item 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Designator 

c73,c74,c75, 
C76 ,C77 

C83 

c111 

C115,C116 

D1 

D2 

D3 

D4,D5 

JP4,JP6,JP7,JP9, 
JPI 1 ,JP13,JPI 4, 

JPI 5,JP16 

L1 ,L3,L4 

Qty. 

5 

1 

Mfg. I 
Description Case Part Number 

3300 pf, RC0402 Novacap / 

FR=0.001 %/ CDR11 BP332AKUS 
1000hr 

0.01 pfd, RM1206 CDR32BX103BKUR 
IOOV, IO%, 
FR=O.OI %/ 

1000hr 

47 Pf, RM1206 CDR32PB470BJUR 

50V, lo%, RC0505 0402B332K500N 

. 

lOOV, 5%, 
FR=O.Ol %/ 

1000 hr 
270 pf, RM1206 CDR32BP271 BKUR 

IOOV, IO%, 
FR=O.OI %/ 

1000hr 

Diode, SOT-23 Motorola / 
Switching, MBAV74L 

50V, 200 mA 
MBAV74 

Diode, SOIC-8 Linear / 
Voltage LM285MX-1.2 

Reference 
LM285-1.2 

Reference, SOIC-8 PMI / 
Voltage, REF01 CS 

Precision, 
1 ov, 

REF-01 

Diode, SOT-23 Phillips / 
Schottky, 30V BAT54S 

BAT54S 

Jumper, RM1206 D55342K07BOODOS 
0 Q, 1 %, 
114 Watt 

Inductor, LQH4 MuRata Erie / 
100 pH LQH4N101 K-TA 

2 
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Item 

23 

- 
24 

- 
25 

26 

__L 

27 

28 

P 

29 

30 

31 

Qty. 

1 

Designator 

L5 

J1 

R3,R66 

R6,R7 

R14,R31 

R15,R32 

Description 

Inductor, 
10 pH 

Connector, 
51 Contact, 

Socket 

Transistor, 
FB,  

SST215 
:L, CLt7d5, cq7/1 

Transistor, 
2N3904 

Transistor, 
2N7002 

7.5 KQ, 1%, 
1/4 Watt, 

FR=O.Ol %/ 
10,JOhr 

7. y2 
7 . 5 7 r  
150 Q, 1%, 

1/4 Watt, 
100 ppm, 

FR=O.Ol Yo/ 
1 OOOhr 

243 Q, I%, 
1/4 Watt, 

1000hr 

100 ppm, 

I Y S .  50 
lSI . sO 

1 OOppm, 
FR=O.Ol%/ 

ZVJ ,97 
2v5, Y 3  

114 Watt, 
100 ppm, 

FR=O.Ol%/ 
1 OOOhr 

1.82 KQ, 1 Yo, 

1 .  Sol? 
1. 8383, 

Case 

LQH4 

MDM51 

SOT-1 43 

SOT-23 

SOT-23 

RM1206 

RM1206 

RM1206 

RM1206 

Mfg. I 
Part Number 

MuRata Erie / 
LQH4N1 OOK-TA 

Calogic / 
No Substitute 

Calogic No. SST215E 

Motorola / 
MMBT3904 

No Substitute 

Motorola / 

No Substitute 
2N7002 

D55342K07B150DR 

D55342K07B243DR 

D55342K07Bl E82R 

i 

5 



Iten 

32 

- I Case 

RM1206 

RM1206 
- 

33 

Mfg. / 
Part Number 

D55342K07B49D9R 

D55342K07Bl EOOR 

- 
34 - 

RM1206 

RM1206 

RM1206 

- 
35 D55342K07B2H70R 

D55342K07Bl E62R 36 

RMl206 

37 

D55342K07B24E3R 38 

1 Designator 

I R16,RI 16,R130 
R133,R136 

R17,R21, 
R74,R94, R95 

R18 

R20 

R24 

R25 

R26 

Descriptior 

49.9 Q, I%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol%/ 
1000hr 

1.0 m, l%, 
114 Watt, 
100 ppm, 

FR=O.Ol%/ 
lOOOhr 

2.49 KQ, I%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol Yo/ 
1000hr 

2.7 KQ, 2%, 
114 Watt, 
100 ppm, 

FR=O.Ol%/ 
1000hr 

1.62 K!2,1%, 
114 Watt, 

lOOOhr 

9-09 my 1%, 
1/4 Watt, 
100 ppm, 

FR=O.OI Yo/ 
1000hr 

100 ppm, 
FR=O.Ol%/ 

?4.3 KQ, 1%, 

100 ppm, 
114 Watt, 

lOOOhr 
FR=O.O1 Yo/ 

6 



- _  

...... 

Item 

39 

__I 

40 

- 
41 

42 

43 

44 

.___II 

45 

Qty. 

1 

- 
2 

- 
9 

- 
1 

- 
4 

- 
1 

- 
2 

Desianator 

R27 

R28,R91 

R29,R48,R101, 
R102,R129,R132, 
R135,R140,RI 41 

R30 

R37,R115, 
R122,R128 

R38 

R42,R43 

Descriptio1 

7.68 KQ, 1% 
1/4 Watt, 

lOOOhr 

0 Q, I%, 
1/4 Watt, 
100 ppm, 

FR=O.OI %/ 
1 OOOhr 

10 m, I%, 
1/4 Watt, 
100 ppm, 

FR=O,Ol%/ 
lOOOhr 

1/4 Watt, 

100 ppm, 
FR=O.OI %/ 

2.15 KQ, 1%, 

100 ppm, 
FR=O.Ol %/ 

1000hr 

I O O Q ,  I%, 
1/4 Watt, 
100 ppm, 

FR=O,Ol Yo/ 
1 OOOhr  

3.01 KC?, 170, 
1/4 Watt, 
100 ppm, 

FR=O.Ol Yo/ 
1000hr 

30 Q, 2%, 
1/4 Watt, 
100 ppm, 

FR=O.Ol%/ 
1000hr 

Case 

RMI 20E 

RM120E 

RM1206 

RM1206 

RMI 206 

RM1206 

- 
RM1206 

Mfg. / 
Part Number 

D55342K07BOODOR * 

D55342K07Bl OEOR 

D55342K07B2EI 5 R  

D55342K07Bl OODR 

D55342K0783E01 R 

D55342K07B30GOR 

. .r: 

7 



Item 

46 

Qty. 

3 

1 47 

Designator Description C a s e  

R44,R93,R119 1.96 KC?, 1 Yo, RM120€ 
1/4 Watt, 

1 OOQhr 

114 Watt, 

100 ppm, 
FR=O.Ol %/ 
1.4 YO 
I ,  97 'Id 

R46 100 KQ, 1 Yo, RM120E 

100 ppm, 
FR=O.Ol %/ 

48 1 

49 

lOOOhr 
9 3  90 

/orr o 0 
R92 20 KQ, 1 Yo, RM1206 

50 

4 R96,R98,R118, 
R120 

51 

1/4 Watt, 
100 ppm, 

1000hr 

1/4 Watt, 
100 ppm, 

FR=O.Ol %/ 

FR=O.OlYd 
Iq 90 
20.hO 

2.61 KQ, 1%, RM1206 

52 

1 

1000hr 

114 Watt, 

2. S Z 3  
2, G 3 6 f  

R97 301 Q, 170, RM1206 

1 R99 

100 ppm, 
FR=O.Ol %/ 

1 OOOhr 
2 9 7 * 7 9  
30 Y.0 I 

6.19 KQ, 1%, RM1206 
114 Watt, 
100 ppm, 

FR=O.Ol%/ 

1 

6 r 1 U  100phr 
6 ,  A Y I q  

R112 51 1 Q, 1 Yo, RMl206 
1/4 Watt, 
100 ppm, 

FR=O.Ol "/o/ 

Mfg. I 
Part Number 

D55342K07Bl E96R 

D55342K07Bl OOER 

s 

D55342K07B20EOR 

D55342K07B2E61 R 

D55342K07B301 DR 

055342K07B511 DR 

8 



Item 

53 

- 
54 

55 

- 
56 

- 
57 

- 
58 

59 

Qty. 

I 

- 
1 

- 
1 

- 
1 

- 
1 

- 
1 

Designator 

R117 

R121 

R124 

R125 

R131 

R134 

R137 

Description 

40.2 a, I%, 
114 Watt, 
100 ppm, 

FR=O.Ol %I 
IOOOhr 

3'1.7q3 
yb, 602 
649 Q, 1 Yo, 

100 ppm, 
1/4 Watt, 

FR=O.OI "/d 

. ,  
5.1 I%, 
1/8 Watt 

S * 6 R  
5,151 

499 Q, 1%, 
1/4 Watt, 
100 ppm, 

FR=O.OI %I 
1000hr 2-z $5 

931 Q,1%, 

+.rot 3-f 
383 Q,1 Yo, 
1/4 Watt, 
1 OOppm, 

FR=O.Ol%/ 
1000hr 

37?, i 7  
386 * 8 3  
178 Q, 170, 
114 Watt, 
1 OOppm, 

FR=O.Ol%/ 
1000hr 

17L 
I ? . i ,  78 

Case 

RM1206 

RM1206 

RCI 206 

RM1206 

RM1206 

RM1206 

RM1206 

Mfg. I 
Part Number 

D55342K07B649DR 

KOA / 
RM73B2B5R1 JT 

D55342K07B499DR 

Dale I 
CRCWI 206931 OFT 

Rohm I 
MCRl206442OFT 

D55342K078178DR 

! 
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Item - 
60 

Description 

_I_ 

61 

Mfg. I 
Case Part Number 

__I 

62 

20.0 Q,l%, 
1/4 Watt, 
1 OOppm, 

FR=O.Ol %/ 
lOOOhr 

Sensor, 
Te m pe ratu re 

562 

Amplifier,. 
Ope ration ai, 
Clamping 

CLC501AJE 

Receiver, 
Line 
Quad 

DS34C86 

Amplifier, 
Dual, Wide 

Band 
LF353 

534-31 AG04- 

I 

63 

RM1206 D55342K07B20DOR 

TO-52/3 Fenwell / 
LTN11 Type 

534-31 AG04-562 

SOIC-8 Comlinear / 
' CLC501AJE 

SOIC-16 National / 
DS34C86M 

SOIC-8 National / 
Lf353M 

I 

64 

Controller, 
CCD 

TH7990 

65 JLCC-44 Thomson-CSF / 
TH7990C 

66 4 

1 

4 

67 I 

U6,U7, 
U12,U25 

U8 Converter, LCC-28 Micropower / 
Analog to M P76 84ATU883 
Digital 8 bit 
MP7684 

U9,Ul O,U22 Driver, Dual SOIC-8 Teledyne/ . 

U23 Inverting TSC4426EOA 
TSC4426 

Qty. Designator 

1 R139 

1 T1 

1 u 1  

1 u 2  

2 U3,U27 

DS34C87M 

10 



...... .. . ..... 

Qty. 

2 

.. . . h . . .  . , , . .  .. , . :.: .; ... 
. .. ,. I.. L.:. ..\ ....... i.. .;.. . .>.l ..._ . ...I. \... ..I ..... . 

Designator 

U l 1  ,U30 

Item 

SOIC-8 

SOIC-8 

69 

National / 
LF356M 

National / 
LM317LM 

70 

SOIC-8 

JLCC-44 

LCC20 

CXAT 

SIP-1 0 

71 

Comlinear, 
CLC502AJE 

Actel / 
ACT1 020A-1 JQ44B 

Analog Devices / 
AD558TE/883 

Microcrystal / 
20.000 MHz 

CXAT-T2 

LLNL/ . 

5975-64700 

72 

73 

74 

DO NOT KIT 

1 1  U26 

DO NOT KIT 

1 1  U32 

77 2 U19 Socket 

Description 

Driver, 
Differenti.al, 

Dual 
TSC4428 

Amplifier, 
Operational, 

LF356 

Regulator, 
Voltage, 

Adjustable 
LM317 

Charged 
Coupled 
Device 
CCD 

7860 or7863 

Amplifier, 
Operational, 
Clamping 
CLC502 

Gate Array, 
Field 

Program, 
ACT1 020A 

Converter, 
Digital to 
Analog 

4D558TE/883 

Crystal , 
20 MHz 
+50ppm 

Socket Strip 
10 pin 

Mfg. I 
Part Number 

SOIC-8 Teledyne / 
TSC4428EOA 

I 

DIP-20 Type Chosen on 
Camera Select ion 



Item 

78 

79 

Designator 

80 

Description 

81 

Case 

N/A 

N/A 

NIA 

82 

Mfg. I 
Part Number 

AAA92-104616-OB 
Tab-01 

AAA92-109126 
REV 00 

NAS671 C2 

83 

N/A 

NIA 

NIA 

NIA 

1 

TFY ,TP2 

C82,C99,ClOO, 
C101 ,C123 

R49 

L2 

84 

Spacer 

Brass CCD 
Mounting 

Nuts 

Stainless 
Steel Nut 

Was her, 
Stainless 
Steel, #2 

Test Points 

#2-56 

0.1 pfd, 
50 Volt, 10% 

200 Q, 5%, 
114 Watt, 
100 ppm, 

FR=O,Ol%&/ 
1000hr 

Inductor, 
47 pH 

Qty. 

2 

NIA 

NIA 

RC1206 

RM1206 

2 

NAS620C-2 

-- 
LLNL I 

Rohm / 

5975-66833 

CEl04K3NR-T2 

D55342K079200JR 

- 
2 

- 
2 

- 
2 

- 
5 

1 

I '  

LQH4N470K-TA 
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1.0 Scope 

This document describes the assembly procedure for the Actel Camera with 
Gain and Offset Control, StarTracker Configuration, Rev 00 printed wiring 
board. This procedure has been written for hand assembly, workmanship 
standards shall be MIL-STD-2000. 

2.0 Required and Related Documents and General Notes 

2.1 Required documents: 

Bill of Materials, LEA92-3128-04 Actel Camera with Gain and Offset 
Control, StarTracker Configuration, Rev 00 Printed Wirjng Board 
Assembly Drawing, LEA92-3128-03 Actel Camera with Gain and Offset 
Control, StarTracker Configuration, Rev 00 Printed Wiring Assembly 
Adhesive Compounds and Optical Couplets, C1 -SO-005 
Preparation of Gold Plated Leads, C1 -EE-023 
Polyimide Based Printed Wiring Board Conditioning Methods, 
C1 -EE-029 

2.2 Related documents: 
MIL-STD-1686A 
Clementine Quality Assurance Program Plan, C1 -SO-OO? 
Clementine Sensor Suite Waiver Procedure, C1 -SO-006 
Clementine Failure Reporting, Analysis and Corrective Action System, 
C1 -EE-0021 

2.3 Generzl Notes 

3) 

All measuring devices used during the assembly of the Actel 
Camera board with Gain and Offset Control must be in current 
calibration. The calibration expiration date must be far enough in 
the future to allow completion of this assembly. 

Printed wiring boards are to be stored in an airtight, antistatic bag 
with a desiccant at all times the board is not being loaded, 
cleaned, inspected or baked. 

Clean and inspect, followed by printed wiring board bake are 
inserted at recommended locations. More or less components 
may be installed between clean and inspect points at the 
discretion of the QAG. It is mandatory that the printed wiring board 
is baked after solvent cleaning operations prior to continued 
solder assembly. 

2 



3.0 Visual Inspection 

3.1 The printed wiring board shall have been inspected by the Quality 
Assurance Group (QAG) prior to loading. Record inspectors name both below 
and in the certification log work sheets by paragraph number. @ 

QA Stamp 
Date: 9 / / 3 g / q  3 QA: 

lnspecti n Date 

3.2 Record the manufacturer, serial number and manufactures lot code of the 
printed wiring board to be used in this assembly. Record both below and in the 
certification log work sheets by paragraph number. . 

Manufadu rer rcLC1 -is rik. 

Lot Code: bB62 
3.3 Mount the printed wiring board in an Actel Camera printed wiring board 
carrier. 

4.0 Printed Wiring Board Bake Out 

4.1 The printed wiring board shall be baked at 130 k 5 "C for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1-EE-029. Prior to baking the printed wiring board, verify that the 
oven to be used is in current calibration and has been verified by the QAG. The 
start and end times along with the start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
the duration of the bake out. Record the date, assembly, serial number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly iog. The make, model and serial number of the oven used for 
bake out shall be recorded. Record both below and in the certific 'on log work 
sheets by parrgraph number. @ Oven Calibration and Certification Current: 

OperatorcrQA Stamp 

Start Tme: 3:bD 13.w End Time: I :  0-d Q.fQ 

Start Temp: Lis "C EndTemp: 9 5- "C 

Oven Model: 7 k/ 7 

Operator or QA Stamp 

3 



--- 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

5.0 Parts Verification 

5.1 Verify that all measuring devices to be used in 5.2 are in current calibration. 
Record both here and in the Assembly Log work sheets. 

"Lg: 3 \ 1 q / q ~  - 3/(7/4< ~ ~ F + S * E J  

Equipment is in current calibration. 

5.2 Verify that parts have been kitted per the 
This includes verification that all resistors and capacitors are bithin proper 
tolerance as specified in the bill of materials. Record both below and in the 
cehification log work sheets by paragraph number. 

6.0 Resistance Measurements 

6.1 Resistance measurements are to be made at J1 prior to assembly. Make 
and record the measurements as indicated in table 1. AI1 readings must be 
greater than 10 Meg ohms, except where noted. See figure 1 below for 
the location of pins in JI. 

1817161514131211 10 9 8 7 6 5 4 3 2 1 

51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 

MDM 51 Contact Connector. 
Face View of Socket Insert. 

Figure 1. 
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Table 1. 
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7.0 Detailed assembly 

7.1 Instzlktion of item 79, brass CCD mounting nuts,  AAA92-109126-00. 

7.1 -1 Insert %em 79 from the  secondary  side of the printed wiring board  as 
shown in figure 2 below. 

Secondary Side View 

I 
CCD Mounting Nut Locations 

Figure 2. 

7.1.2 Verify t h z t  t h e  flange o n  t h e  CCD nut is flush with t h e  surface of t h e  
printed wiring board. 

7.1.3 Solder the CCD mounting nuts  in place. 

Note: Use csut ion to prevent so lder  from entering the t h r e a d e d  a r e a  of t h e  
CCD nut. 

i 
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7.0 Detailed assembly 

7.1 Installation of item 79, brass CCD mounting nuts, AAA92-109126-00. 

7.1.1 Insert item 79 from the secondary side of the printed wiring board as 
shown in figure 2 below. 

Secondary Side View 

CCD Mounting Nut Locations 

Figure 2. 

7.1.2 Verify that the flange on the CCD nut is flush with the surface of the 
printed wiring board. 

7.1.3 Solder the CCD mounting nuts in place. 

Note: Use caution to prevent solder from entering the threaded area of the 
CCD nut. 

7.2 Install the items listed in the table 2 below: 

6 



_- . . . 

8 

2 

2 

2 

7.2 Install the items listed in the table 2 below: 

C4,C7,C8,C82,C99, 
C100, C101 ,C123 

R3, R66 

R14,R31 

R15,R32 

Item 

1 

5 

11 

12 

13 

14 

15 

83 

28 

30 

31 

Designator 

C1 ,C3,C5,C6,CI 5,C21, 
C23,C25,C26, 

C30,C31 ,C33,C34,C38, 
c39,c4o,c42,c44,c45, 
C47,C48,C54,C56,C57, 
C58,C59 ,C60 ,C63,C64, 
C66 ,C67,C70 ,C91 ,C92, 
C98,Cl02,C103,Cl 04, 

C106,C109,C112,C114, 
C121 ,C124 

c35 

C49,C50 

c53 

C83 

c111 

Description 

0.039 pF, 
lOOV, 10% 

8 

0.22 pfd, 
50V, 10% 

0.022 pfd, 
lOOV, 10% 

15 pf, 
lOOV, 5% . 

3300 pf, 
50V, 10% 

0.01 pfd, 
lOOV, 10% 

47 pf, 
1oov, 5% 

270 pf, i 
lOOV, 10% 

0.1 pfd, 
50 Volt, 10% 

7.5 KR, 1% 

243 Q, 1% 

1.82 KQ, 1 Yo 

Case 

RM1206 

RM1206 

RM1206 

RM1206 

RC0402 
RC0505 

RM1206 

3M1206 

3M1206 

3C1206 
. .  

3M1206 

3M1206 

3M1206 

Table 2. 
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lterr 

1 

- 

- 
9 

- 
11 

12 

- 
13 

14 

15 

16 

83 
- --. L-. 

C35” 

C49,C50” 

c53- 

C73,C74;C75 ,C76,C77 

C83 --’ 

c111: 

28 ”>,‘ 
29 

‘L, 

*%- 

0.22 pfd, 
50V, 10% 

0.022 pfd, 
IOOV, 10% 

15 pf, 

3300 pi, 

0.01 pfd, 
1 oov, 10% 

47 pf, 
IOOV, 5% 

loov, 5% 
2 

50V, 10% 

C@;C’3l’,myC34,c3t3; 
c 3 9 , ’ W ; c & * , W ; ~ ;  

csS ,~~9 ;c60  ,cm, c.a ; 
(%&C-&,C?3%,CZGyG57, 

C82,C99:C100; 
%I 01:,C123: 

R3,R66‘ 

R6,R7.’ 

R14,R31 s. 

R15;R32: 

C@l*;C$24. 

0.1 pfd, 
50 Volt, 10% 

7.5 KR, 1% 

150 R, 1% 

243 a, 1% 

1.82 KR, 1% 

270 pf, 
1 oov, 10% 

Case 

RM1206 

RM1206 

RM1206 

RM1206 

RC0402 
RC0505 

RM1206 

RM1206 

RM1206 

RC1206 

RM1206 

RM1206 

RM1206 

RM1206 

7 



. 

7.3 Clean and inspect all solder joints per Mil-STD-2000. Rei fork an' 
substandard solder joints. Recorb inspection both 

Date: Y , / I ~  LzS QA: 

log worksheets. 

QA Stamp Date Ins 

7.4 The printed wiring board shall be baked at 130 2 5 "C for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1-EE-029. Prior to baking the printed wiring board, veriiy that the 
oven to be used is in current calibration and has been verified by the QAG. The 
start and end times along with the start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
the duration of the bake out. Record the date, assembly, send number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly log. The make, model and serial number of the oven used for 
bake out shall be recorded. Record both below and in the certification log work 
sheets by paragraph number. n 

Calibration and Certification Current, Initial: 
Operator or QA Stamp 

Start Temp: 4 5  "C EndTemp: "C 

OvenModel: Tf l  3c 
Oven Seial#: I 2 Cebt-l-I 

Operator: 
. Operator or QA Stamp 

Date: 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

a 



7.5 Install the %erns listed in tables 3a and 3b below. 

Item 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

- 

42 

43 

44 

45 

46 

47 

48 

49 

50 

Qty Designator 

5 R16,R116,R130, 
R133,R136 

5 R17,R21 ,R74,R94,R95 

1 R18 

1 R20 

1 R24 

1 R25 

1 R26 

1 R27 

2 R28, R9 1 

9 R29,R48,RlOl,Rl02,R129, 
R132,R135,R140,R141 

1 R30 

3 R37,R115, R122 

1 R38 

2 R42, R43 

2 R44, R93 

1 R46 

1 R92 

4 R96,R98,R118.R120 

1 R97 

Descrbtior 

49.9 a, 1 % 

1.0 KQ, 1% 

2.49 m, 1% 
2.7 m, 5% 
1.62 KQ, 1 % 

9.09 KQ,1% 

24.3 KQ, 1% 

7.68 KQ,1% 

o a ,  1% 

10 m, 1% 

2.15 KQ, 1% 

100 a, 1% 
3.01 m, 1% 
30 a, 2% 

1.96 KQ, 1 Yo 

100 KQ, 1 Yo 

20 m, 1% 
2.61 KQ, 1 Yo 

301 a, 1% 

Case 

RMl206 

RM1206 

RM1206 

RM1206 

RM1206 

RMl206 

RM1206 

RM1206 

RM1206 

RM1206 

1_11_ 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

Table 3a. 
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7.5 Install the items listed in tables 3a and 3b below. 

Item 

,;F 

-? ... 
-32 

I&- 

.- 233 

3.4 e:. 
35 

?.% i S' .e 
36 

37 3.5 

38 
$2 

, 39 << 

40,: h; p 

41- 

z 

-9- . -  
rr;- .,A;- 

d'.y .. 

--*,a 
- 2-: 

. .... 
.-.. - _  

T 

-si 

42 
&* 
43:y 

44 
$-. 3 

45 

I,. 46 

47 

48 
F ?  
49. 

d..S ... _. 
-9 * 

.: 

7 ? 
f 

:.- 

Qty Designator Description C a s e  

5 R16,R116;R130, 49.9 Q, 1% RM1206 
R133,RI 36. 

5 R17;R21 ,R74,R94,R95 1 .O KRy 1% RM1206 

1 R18. 2.49 KQ, 1 Yo RM1206 

1 R20. 2.7 KQ, 5% * RM1206 

1 R24 ~ 1.62 KR, 1 Yo RM1206 

1 R25: 9.09 KQ, 1 Yo RMI 206 

1 R26 24.3 KQ 1% RM1206 

..A R27 7.68 KR, 1% RM1206 

2 R28,R91 OQ,  1% RM1206 

9 R29,R48,RlOl;Rl02,R129, 10 KR, 1% RM1206 
R132,R135,R140,R141.* 

1 R30, 2.1 5 KQ, 1 % RMl206 

4 R37,R115, R122;R128i 100 Q, 1% RM1206 

1 R38 3.01 KQ, 1% RM1206 

2 R42,R43 30 Qy 2% RM1206 

3 R44,R93;R119. 1.96 KQ, 1% RM1206 

1 R46; 100 KQ, 1% RM1206 

1 R92. 20 KQ, 1% RM1206 

4 R96,R98,R118,RI 20. 2.61KQ, 1% RM1206 

301 Q, 1% RM1206 

...- 

R97 .. 

Table 3a. 
i 
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Item 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

Table 3b. 

Qty Designator Description Case 

2 R99,Rllg 6.19 KQ, 1% RM1206 

1 R112 51 1 IR, 1% RM1206 

1 R117 40.2 Q, 1% RM1206 

1 R121 649 IR, 1% RM1206 

I R124 5.1 Q 1% 9 RM1206 

1 R125 499 Q, 1% RM1206 

1 R131 931 Q, 1% RM1206 
h 

1 R134 383 Q,1% RM1206 

1 R137 178 Q, 1% RM1206 

1 R139 20.0 Q,l% RM1206 

7.5.1 Temporm'ly install a 1 K 1 Yo RM1206 resistor for R49. Tack this part only 
do not fully solder. 

7.6 Clean and inspect all solder joints per MIL-STD-2000. Rework any 
substandard solder joints. Record inspection both here and in the certification 
log worksheets. 

Date: QA: 
Date Inspected QA Stamp 

7.7 The printed wiring board shall be baked at 130 rfr 5 "C for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1-EE-029. Prior to baking the printed wiring board, verify that the 

start and end times along with the start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
the duration of the bake out. Record the date, assembly, serial number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly log. The make, model and serial number of the oven used for 
bake out shall be recorded. Record both below and in the certification log work 
sheets by paragraph number. 

t oven to be used is in current calibration and has been verified by the QAG. The 

10 



-- 

Item Qty 

51 2 

5 2  1 

53 1 

54 1 

55 1 

5 6  1 

57 1 

58 1 

5 9  1 

60 1 

Designator Description 

R99,RI 19 6.1 9 KQ, 1% 

R112 511 Q, I %  

R117 40.2 Q, 1% 

RI 21 649 Q, 1% 

R124 5.1 C2 I %  , 

R125 499 Q, 1% 

R13l 931 Q, 1% 

R134 383 !2,lYo 

R137,R49 178!2,1% 

R139 20.0 Q, l% 

I 
I Case 

~ 

I 
R M l  206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RM1206 

RMl206 

I 

Table 3b. 

7.6 Clean and inspect all solder joints per MIL-STD-2000. Rework any 
substandard solder joints. Record inspection both here and in the certification 
log worksheets. $S 

Date: Lf l h  b 
Date Inspected 

7.7 The printed wiring board shall be baked at 130 f 5 OC for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1-EE-029. Prior to baking the printed wiring board, verify that the 
oven to be used is in current calibration and has been verified by the QAG. The 
start and end times along with the start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
t h e  duration of the bake out. Record the date, assembly, serial number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly log. The make, model 'and serial number of the oven used for 
bake out shall be recorded. Record both below 
sheets  by paragraph number. 

CalibrsrS'on and Certification Current, Initial: 

10 



Item Qty 

.,.. - 1  +:gp ; 1 
-F $4 

52 1 
j$ 

<+?. 

53 1 

Designator Descr ipt ion C a s e  

R99 6.19 KQ, I% RM1206 

R112 51 1 Q, 1% RM1206 

R117.. 40.2 Q, 1% RM1206 

Table 3b. 

. ...- 
55 

. .56 

.57 

58 zfi 9 

59 -i- 

60  :* . 
a4 

.$: . 1 i 

3.4. 
: .y-. 
.ii 

"7 

>. 

:.e, 

7.6 Clean and inspect all solder joints per MIL-STD-2000. Rework any  
substandard solder joints. Record inspection both here and @ i rtification 
log worksheets. 

7.7 The printed wiring board shall be baked a t  130 k 5 "C for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1-EE-029. Prior to baking the printed wiring board, veri.fy that the 
oven to be used is in current calibration and has been verified by the QAG. The 
start and end times along with the start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
the duration of the bake out. Record the date, assembly, serial number, 
assembly step 2nd operator on the chart and insert in the certification section of 
the assembly Icg. The make, model and serial number of the oven used for 
bake out shall k recorded. Record both below and in the ce 
sheets by paragraph number. 

QA Stamp 
Date: 'Id I C s  p 3  QA: 

ate Inspect 

tion log work . @ 
Calibration and Certification Current, Initial: 

Operator or QA Stamp 

1 R124' 5.1 Q 1 %  , RM1206 

1 R125- 499 Q, 1% RM1206 

1 R131-, 931 Q, 1% RM1206 

1 R13+* 383 Q,1% RM1206 

1 R137, . 178 Q, 1% RM1206 

1 .R139 ., 20.0 Q,l % RM1206 
P 

1 R49. 200 Q, 5% RMf206 

10 



Start Time: 7 1 3 0  p.w 
1 

5 

1 

2 

4 

6 

4 

2 

Start Temp: "C 

T 
Oven M e :  J ~5 G f- 

Designator Description Case  

C2,C51 ,C61 ,C62,C122 4.7 pfd, Tant, D-CASE 

c 9  ; 47 pfd, Tant, R-CASE 

C10,Cll 22 pfd, Tant, G-CASE 

C12,CI 3,C17;C105; 6.8 pfd, Tant, E-CASE 

C22,C24,C29,C69,C90; 22 pfd, Tant, H-CASE 

G32;C52,C94, c95 - 10 pfd, Tant, G-CASE 

C46,C93. 1 .O pfd, Tant D-CASE 

lOV, 10% 

20v, 10% 

15v, 10% 

lOV, 10% 

%118'* 20v, 10%" 

25V,10% 

35v, 10% 

End Time: 1 : 3 0  Q . w -  

End Temp: "C 

Operator: 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

7.8 Install the items listed in tables 4a and 4b below. 

Item 

2 

3 

__I 

4 

5 

7 

- 
8 

10 

11 



Item 

17 

20 

26 

27 

22 

23 

__.. 
8L 

25 

76 

2ty Designator Description 

1 

2 

3 

3 

3 

1 

Diode, 
Switching, 
MBAV74 

4D4,05: Diode, 
Schottky, 30V 

BAT54S 

:Q2,Q3,Q8 Transistor, . 
2N3904 

Q12m3,Q14 . Transistor, 

$&k3,Lf& Inductor, 
100 pH 

-.. ; Inductor, 
10 pH 

2N7002 
-. 

5 

Inductor, I 47pH or 
39 pH 

.Q1i;Q;Q;Qg; I Transistor. 

I 

. Qio.;Qll- PET, 
SST215 

XI. Crystal, 
20MHZ 

Case 

QtY 

2 

SOT-23 

Designator Description Case 

c29;c1.10 6.8 pfd, Tant, F-CASE 
20v, 10% 

SOT-23 

SOT-23 

SOT-23 

1qh4 

1qh4 

1qh4 

SOT-143 

CXAT 

Table 4b. 

7.8.1 The !z.r;cing pattern for item 6 was incorrectly designed on some boards. 
If so, item 6 E s t  be installed on its side. Install item 6 as listed in table 5 
below. . .  

Item 

6 

Table 5. 

12 



Item 

2 1 

Table 6. 

Qty Designator Description Case 

9 JP4,JPG,JP7,JPS,JPll; Jumper, RM1206 
JP13,JP14,JP15,JP16 o n ,  1% 

JP6 JP13 JP15 JP14 Jp16 

Figure 3, Primary Side View. 

Figure 4, Secondary Side View. 

13 



7.1 0 Clem and inspect all solder joints per MIL-STD-2000. Rework any 
substandad solder ioints. Record insDection both here and in the certification 

7.1 1 The printed wiring board shall be baked at 130 k 5 "C for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1-EE-029. Prior to baking the printed wiring board, verify that the 
oven to be used is in current calibration and has been verified by the QAG. The 
start and end times along with the start and end temperature? shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
the duration of the bake out. Record the date, assembly, serial number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly log. The make, model and serial number of the oven used for 
bake out shall be recorded. Record both below 
sheets by paragraph number. 

Calibration and Certification Current, Initial: 
Operator or QA Stamp 

Start Time: 7: ob D . a  End Time: ) : o b  . & . M .  

/ 

Start Temp: OC EndTemp: 3 "C 

Oven Model: 7 41 

Oven Sen'ai #: / A  IJ IJ 4 - 

Operator: 
Operator or QA Stamp 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

14 



7.12 lnsiail the items listed in tables 7a and 7b below. 

I tem 

18 

1 

1 

2 

_I_ 

62 

D3 

u1- 

U3,U27. 
- 

64 

U23. 

- 
68 

69 

- 
70 

71 

3 
1 

Designator 

02  .' 

U 1 1  ,U30 r 
U17,U18  7-- 

Descriptio 

Diode, 
Voltage 

Reference 

Reference, 
Voltage, 

Precision, 

LM285-1.2 

lOV, REF-0- 

Amplifier,. 
Ope rational, 

Clamping 
CLC501AJE 

Amplifier, 
Dual, Wide 

Band 
LF353 

Driver, Dual 
Inverting 
TSC4426 

Driver, 
Differential, 

Dual 
TSC4428 

Amplifier, 
Operational, 

LF356 

Regulator, 
Voltage, 

Adjust able 
L M 3 1 7  

Case 

SOIC-8 

SOIC-8 

SOIC-8 

SOJC-8 

3OIC-8 

SOIC-8 

;OiC-8 

;OIC-8 

Table 7a. 
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Item 

73 

Qty Designator 

63 

Description 

66 

1 

4 

1 

1 

1 

67 

u2 Receiver, 
Line, Quad 
DS34C86 

U6,U7, Driver, Line; 
U12,U25' Quad 

DS34C87 

U 8.' Converter, 
Analog to 

Digital 8 bit 
MP7684 

U32 Converter, 
Digital to 
Analog 

AD558TE/883 

u5. Controller, 
CCD 

TH7990 

75 

65 

1 U24 I Amplifier, 
Operational, I CLC502 

Case 

SOIC-8 

SOIC-16 

SOIC-16 

LCC-28 

LCC20 

JLCC-44 

Table 7b. 

7.1 3 Item 74, U26, an Actel ACT1 020A is a programmed device. Due to its 
critical function in the operation of the Acte! Camera it is not provided until 
requested. QA verification of the Actel array is required. Record below 
and in the Assembly Log work sheets the identifying information for the Actel 

1 && gate array. Record-the address on the front page of this document. % Link 6 -e 
FileName: Sr 9 Check Sum: Yh0h3 

1 Programming Date: flay q-2 Stariracker Address 

Device Su 

QA: 

#1 or#2 

i )PN 
Name of Engineer or Technologist @ 

QA Stamp 

16 



7.1 4 Install item 74, U26, ACTEL ACT1 020A. 

7.1 5 Cut pin number 16 of Item 77, socket strip for U19. Important! The cut 
must be flush with the base of the taper. See figure 5 below. 

Cut Flush With Taper 

Figure 5. 

7.1 6 Insert both strips of item 77,U19 socket, through the printed wiring board. 
Insert a dummy 20 pin DIP into the socket strips. Verify that the dummy DIP is 
completely seated in the socket strips and that the strips sit square and flat to 
the printed wiring board. Solder the socket strips to the printed wiring board. 
Remove the dummy DIP from the socket strips. 

7.17 Pretin the leads of item 82 TP1 and TP2, two pin terminal strips per 
C1 -EE-023, Preparation of Gold Plated Leads. 

7.18 Install Item 82, two pin terminal strips 

7.1 9 Temporarily tack a wire between the outermost pads of R128 and (2123. 
See figure 6 below. 

Figure 6. 
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7.1 4 Install item 74, U26, ACTEL ACT1 020A. 

7.1 5 Cut pin number 16 of item 77, socket strip for U19. Important! The cut 
must be flush with the base of the taper. See figure 5 below. 

Cut Flush With Taper . 
Figure 5. 

7.16 Insert both strips of item 77,U19 socket, through the printed wiring board. 
Insert a dummy 20 pin DIP into the socket strips. Verify that the dummy DIP is 
completely seated in the socket strips and that the strips sit square and flat to 
the printed wiring board. Solder the socket strips to the printed wiring board. 
Remove the dummy DIP from the socket strips. 

7.17 Pretin the leads of item 82 TPI and TP2, two pin terminal strips per 
C1 -EE-023, Preparation of Gold Plated Leads. 

7.18 Install Item 82, two pin terminal strips 

7.1 9 Pretin the leads of item 24, J1 per C1 -EE-023, Preparation of Gold Plated 
Leads. 

7.20 Measure the longest dimension of item 78, spacers, AAA92-104616-OB 
TAB 01. They should be 0.385 + 0.005, - 0.000 inch long. Record the 
measurement both here and in the assembly log work sheets. 

Length of Spacers , 390 

7.21 Assemble 2 each spacers, 2 each #2 stainless steel washers, item 81 , and 
2 each #2-56 stainless steel nuts, item 80, through the printed wiring board as 
shown in figure 6. Spacers are mounted from the primary side with nuts and 
washers on the secondary side. Using a calibrated tool, torque nuts to 
40.0 k 2 oz-in. 

>LJsJ%& -1% oAJ-:lOA*- T O O L  8 - b q v d %  
LfO1O 02- I X , ~  

17 



7.20 Pretia the leads of item 24, J1 p e r  C1-EE-023, Preparation of Gold Plated 
L e a d s .  

7.21 M e a s u r e  t h e  longest  dimension of item 78, s p a c e r s ,  AAA92-104616-06 
TAB 01. They should  be 0.385 + 0.005, - 0.000 inch long. Record  t h e  
m e a s u r e m e n t  both h e r e  a n d  in the assembly  log work s h e e t s .  

Length of Spacers . 3 9  .390 

7.22 Assemble  2 e a c h  s p a c e r s ,  2 e a c h  #2 s ta in less  steel w a s h e r s ,  item 81, a n d  
2 e a c h  #2-56 s ta in less  steel nuts,  i tem 80, through t h e  printed wiring board as 
s h o w n  in figure 7. Spacers are mounted from t h e  primary side with nuts  and 
washers on the secondary side. Using a calibrated tool, torqde nuts to 
40.0 +_ 2 oz-in. 

PRIMARY SIDE /--- SPACER 

WASHER . -  - 2-56 NUT 

Figure 7. 

7.23 lnseri  t h e  leads of J1 through the printed wiring board. The connector  J1 
si ts  on top of t h e  standoffs. 

7.24 Assemble  J1 to the s p a c e r s  using 2 each #2-56 x -25 long. s c r e w s  as 
s h o w n  in figure 8. Finger tighten only, do not torque. 

/ COMPOMNT SQE 

L- Connector, J1 
#2-56 Screw, + - - , i i L <  0.25 long 

Figure 8. 
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PRIMARY SIDE SPACER 

#2 WASHER - 2-56 NUT 
Figure 6. 

7.22 Insert the leads of J1 through the printed wiring board. The connector J1 
sits on top of the standoffs. 

7.23 Assemble J1 to the spacers using 2 each #2-56 x -25 long. screws as 
shown in figure 7. Finger tighten only, do not torque. 

COMPONNT S D E  3 

Figure 7. 

7.24 Trim the leads of J1 such that they extend thru the printed wiring board by 
0.020 to 0.040 inch. 

7.25 Verify that the bottom surface of the flange of J1 is 0.257 rt -005 inch from 
the surface of the printed wiring board at both ends of the connector. Record 
the spacing both here and in the work sheet section of the assembly log. 

J1 Boticm Surface distance from PWB: cad I 

J1 Bottom Surface distanceJmJWB: I a/  
Oper&o r: I/, i( ' 

Operator or QA Stimp> 

18 



I' 

43 

7.25 Trim the leads of J1 such that they extend thru the printed wiring board by 
0.020 to 0.040 inch. 

2 

7.26 Verify that the bottom surface of the flange of J1 is 0.257 k .005 inch from 
the surface of the printed wiring board at both ends of the connector. Record 
the spacing both here and in the work sheet section of the assembly log. 

. *  . 261 J1 Bottom Surface distance from PWB: 
.%GI J1 Bottom Surface distance from PWB: 

Operator: @ 
Operator or QA Stamp 

7.27 Solder the leads of J1 to the printed wiring board. 

7.28 Installation of item 61, T1 , thermistor will be done after completion of 
e ngi nee ring evaluation. 

7.29 installation of items listed in table 8 below will be done after engineering 
evaluation - 

Item Qt 4 Designator 

R49,RI 28 

Table 8. 

Description 

100 0, 170, 
114 Watt, 
100 ppm, 

FR=O.Ol%/ 
1 OOOhr  

Case  

RM1206 

7.30 Clean and inspect all solder joints per MIL-STD-2000. Rework any 
substandard solder joints. Record inspection both here and in the certification 

69 log worksheets. q'-6 L ol& p"3i \"I 

Date: +2/+3 QA: 
Date Inspected OA Stamp 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag.with a 
desiccant at all times the board is not being loaded, cleaned, inspected; tested 
or baked. 

7.31 Install a connector saver on J1. 

7.32 The printed wiring assembly now goes to engineering for evaluation. 
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7.26 Solder the leads of J1 to the printed wiring board. 

7.27 Installation of item 61, T1, thermistor will be done after completion of 
engineering evaluation. 

7.28 Clean and inspect all solder joints per MIL-STD-20.00. Rework any 
substandard solder joints. Record inspection both here an certification - 
log worksheets. 

OA Stamp 
Date: 

Note: Printed wiring boards are to be stored in an airtight, ahtistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

7.29 Install a connector saver on J1. 

7.30 Resistance measurements are to be made at J1 at this time. Make and 
record the measurements as indicated in table 8. All readings must be 
greater than 1 KQ, except where noted. See figure 8 below for the 
location of pins in J1. 

1817161514131211 10 9 8 7 6 5 4 3 2 1 

51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 

MDM 51 Contact Connector. 
Face View of Socket Insert. 

Figure 8. 
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8. Post Evaluation Assembly 

8.1 The printed wiring board shall be baked at 130 t 5 "C for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1-EE-029. Prior to baking the printed wiring board, verify that the 
oven to be used is in current calibration and has been verified by the QAG. The 
start and end times along with the start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
the duration of the bake out. Record the date, assembly, serial number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly log. The make, model and serial number of the oven used for 
bake out shall be recorded. Record both below and in the certification log work 
sheets by paragraph number. . 

See old 
fur' 20  Calibration and Certification Current, Initial: 

Operator or QA Stamp 

Start Time: End Time: 

Start Temp: "C EndTernp: "C 

Oven Make: Oven Model: 

Oven Serial #: 

Date: Operator: 
Date Completed Operator or QA Stamp 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

8.2 Remove the jumper from outermost pads of R128 and C123 that was 
installed at step 7.19 

8.3 Install the items listed in table 9 below. 

Item 

43 

Ity 

2 

Designator  

R49,R128 

Description 

100 Q, 1 Yo, 
1/4 Watt, 
100 ppm, 

1 OOOhr  
FR=O.Ol Yo/ 

Case 

RM1206 

Table 9. 
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8. Post Evaluation Assembly 

Designator  

8.1 The printed wiring board shall be baked at 130 t 5 "C for a minimum of 6 
hours ,prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1-EE-029. Prior to baking the printed wiring board, verify that the 
oven to be used is in current calibration and has been verified by the QAG. The 
start and end times along with the  start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
the duration of the bake out. Record the date, assembly, serial number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly log. The make, model and serial number of the oven used for 
bake out shall be recorded. Record both below and in the certification log work 
sheets by paragraph number. 

r\ i)ck4 @ -&PCr; L G S  

- t  b c : \ a L  GLG - Calibration and Certification Current, initial: c\s c-:. !-A CA\ 
Operator or OA Stamp 

Description Case 
. .  

Start Time: End Time: 

100 Q, 1 Yo, 
114 Watt, 

1 OOOhr 

100 ppm, 
FR=O.Ol%/ 

Start Temp: "C EndTemp: "C 

RM1206 

Oven Make: Oven Model: 

Oven Ser?'al#: 

Date: Ope rat0 r: 
Date Completed Operator or QA Stamp 

Note: Printed wiring boards are to be stored in a n  aiitight, antistatic bag with a 
desiccant zt dl times the  board is not being loaded, cleaned, inspected, tested 
or baked. 

8.2 Remove the jumper from outermost pads of R128 and C123 that was 
installed at stzp 7.19 

8.3 Install the items listed in table 9 below. 

Item 

43 

ZY 
2 

Table 9. 
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8.4 Clean and inspect all solder joints per MIL-STD-2000. Rework any 
substandard solder joints. Record inspection both here and in the certification 
log worksheets. 5ee  oJ9 p a y  2 1  

Date: 5-7-?3 QA: 
Date Inspected QA Stamp 

8.5 The printed wiring assembly now goes to engineering for additional 
evaluation. 

. 
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8.4 Clean and inspect all solder joints per MIL-STD-2000. Rework any 
substandad solder joints. Record inspection both here and in the certification 
log worksheets. kb,- 7 i s o r \ \  S~;<JI  &- q 6  

me: 5 f 7 /q-3 QA: 
Date Inspected QA Stamp 

8.5 The pnnted wiring assembly now goes to engineering for additional 
evaluation . 

21 
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8.6 The printed wiring board shall be baked at 130 k 5 OC for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1 -EE-029. Prior to baking the printed wiring board, verify that the 
oven to be used is in current calibration and has been verified by the QAG. The 
start and end times along with the start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart  recorder, for 
the duration of the bake out. Record the date, assembly, serial number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly log. The make, model and serial number of the oven used for 
bake out shall be recorded. Record both below and in the certification log work 
sheets by paragraph number. 

see  O/CP p y  z z  @ 
Calibrztion and Certifcation Current, Initial: 

Operator or QA Stamp 

Start Time: In'- 3b P - L 4  End Time: I C 2  : 30 !Add, 

Start Temp: OC EndTemp: q,$ OC 

Oven Make: Oven Model: 2 f., 
Oven Serial #: 

Operator: Date: ,*- 

Operator or QA Stamp 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

8.7 Trim and form the leads of TR1 and TR2 as shown in figure 10 below. 

0.2" 0.1 25" 

0.0625 " 

Figure 10. 
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8.6 The printed wiring board shall be baked at 130 2 5 "C for a minimum of 6 
hours prior to loading, per Polyimide Based Printed Wiring Board Conditioning 
Methods, C1 -EE-029. Prior to baking the printed wiring board, verify that the 
oven to be used is in current calibration and has been verified by the QAG. The . start and end times along with4he start and end temperatures shall be recorded. 
The oven temperature profile shall be recorded, using a strip chart recorder, for 
the duration of the bake out. Record the date, assembly, serial number, 
assembly step and operator on the chart and insert in the certification section of 
the assembly log. The make, model and serial number of the oven used for 
bake out shall be recorded. Record both below and in the certification log work 
sheets by paragraph number. @ 

Calibration and Certification Current, Initial: 
Operator or QA Stamp 

9 3  Operator: 

End lime: /2:30 
StartTemp: 4.5 "C EndTemp: qs "C 

Oven M e :  G 1- Oven Model: 7 K f R  / 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

8.7 Trim and iorm t h e  leads of TR1 and TR2 as shown in figure 10 below. 

0.2" 0.1 25" 

0.0625 " 

. . .. , .......... . .. . , .::: I&=+ .:*. ..... .. . . . n . "'...; ... .. . ... .. . ... . 5 .. :.:.. . :'..; ..... ::;<; ,.. 

Figure 10. 
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8.8 Place, do not solder at this point, TR1 and TR2 on the secondary side 
of the board as  shown in figure 11 below. 

Hysol 
\ 

TRl TR2 

Secondary Side View 

Figure 11. 

8.9 Bond TR1 and TR2 to the printed wiring board as shown in figure 11 using 
EA 934 (reference, Eng. Note C1-SO-005). Bake for 30 minutes at 60 "C. 

8.1 0 Identify the leads of item 61, TI, thermistor. Lead L1 is the longest lead, 
L4 is the shortest and L Z L 3  is in between. Verify the lead identity by making 
resistance measurements as shown in figure 12. 

Fenwall Thermistor 
k r t  # 137-562-ZXT-DO2 

LlN- 1 1 Ccm posite 
-30 to +70°C 

White Dot 

MeEsured at room temperature (22OC) 
Dean -acley 5-11-93 

Figure 12. 
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8.1 1 Using $28 wire wrap wire insulation, insulate lead L4 and L1 to a length of 
0.75 inch. Insulate leads WL3 to a length of 1.5 inch. Use a different color 
insulation for each lead. 

8.12 Insert the  lead for L4, from the primary side, through the hole indicated in 
figure 13. The lead from TR2 is also in this hole. Allow 0.75 inch of lead length 
between the printed wiring board and the body of the thermistor. See figure 14 
for detail. 

8.1 3 Insert the lead for L1, from the primary side, through the hole indicated in 
figure 13. The lead from TR1 is also in this hole. Allow 0.75 inch of lead length 
between the printed wiring board and the body of the thermistor. See figure 14 
for detail. 

\ 
Insert L1 through 
this hole. 

Insert L4 through 
. ' this hole. 

Route lead 
L2/L3 around 

PWB edge here. 

P r i mary S ide View 

Figure 13. 
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Thermistor 

Lead 

Figure 14. 

8.14 Trim L4 to the correct length and solder it along with TR2. Do not trim 
the lead L1. 

8.1 5 Without trimming the lead, solder L1 and TR1. 

8.16 Route lead L2/L3 of T1 around the edge of the printed wiring board and to 
TR1 as shown in figures 13 and 15. Route lead L1 to TR2 as shown in figure 15. 

Figure 15. 
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8.17 Dress the thermistor wires around the end of the CCD rail as shown in 
figure 16 below. 

Dress Thermistor / V$;kound End 

Primary Side Mew 

Figure 16. 

8.18 Solder the  leads of the thermistor to the leads of TRI and TR2 as shown in 
figure 15. The leads of T1 must be wrapped at least 3 times around the lead of 
TR1 or TR2. Wrap the leads in the middle of the resistor lead. 

8.1 9 Clean and inspect all solder joints per MIL-STD-2000. Rework any  
substandard solder joints. Record inspection both here and in the certification 
log worksheets. 

Date: 20 nm 73 QA: 
Date Insp&ted QA Stamp 

8.20 Stake the thermistor wires, using EA 934 (reference, Eng. Note CI-SO- 
005), on the secondary side of the printed wiring board as shown in figure 17. 
Keep the staking on the edge of the printed wiring board as thin a practical. 

4 
New 3&iq 

Secondary Side View 

i Figure 17. 
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-_ . ___I- - .. . 

8.21 Stake the connector standoff nuts and any other items indicated by 
Quality Assurance. Bake for 30 minutes @ 60 "C. 

8.22 Inspect all staking operations. Record inspection both here and in the 
certification log worksheets. @ 

Date: 2QM.1, q 3 QA: 
Date insipcted QA Stamp 

Note: Printed wiring boards are to be stored in an airtight, antistatic bag with a 
desiccant at all times the board is not being loaded, cleaned, inspected, tested 
or baked. 

I 
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Appendix H.2.5 
Certificates of Conformance 
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3.6 Pre-Test Operations 

CAUTION 

ESD SENSITIVE HARDWARE. 
HANDLE PER MIL-STD-1686 Class 1 

&l) Assure  readiness to test, including the following items: 

(2) Visual examination of the test item and its interfaces, including any 
special test instrumentation . 

(b) 

(c) 

Caiibration is current for measuring instruments 

Proper edition of the procedure, and QA approval of any  
unincorporated redlines. 

Notification of QA of the time that testing will begin. 

- $ (2) Remrd the "Occasion for Test" on all Data Sheets. 

+(3) On the applicable data sheets, record the required information for 
mezsuring equipment to be used in the test. Verify that all such 
zquipment bears current calibration stickers, and that calibration will not 
expi:e prior to the end of the test. 

. 

- $- (4) 

&(5) 

Have completed Actel Camera Array Test Board Certification C1 -EE-OS3. 

Solkii 2nd obtain the  QA Inspector's "OK to Continue." 

L5 4 J* 
a J 

- -5-r 
.. - - '& \C 

p L '  u- , I  

S T -  
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Functions to Be tested 

1 - Sasi Functions 

Check bits can be set and cleared and rea 
I fc?. S ' -  

Initials: i -Date .- - 
Nane: 

2. Double Correlated Sampling 

TP14 is OL2 
TP15 is ORfet 
TP16 is OR 

. 

3. Predsion Integration mode Check and Frame Enable 
{frme X;3r of UV-vis arrays} 

TP9 SM1 
TPIO S:JO 
TPii  EOL 
TP3 ?'Sync {frame enable} 
m VrC 

4. Tssr !r.iiIzfizztion 

DATA is to 90 in certification log of camera that array is going into. 
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3-7 TEST + Test Srzri DEW Test Completion Date: <N* 

Enter Nzme oi kbView programs to Use 

NOTES: 



C h l  - W l d t h  
Inw 1O.OOtns signal 

amp I itudc his togntn .;. 
4. Ch2 -Width 

10.00ms 
LOW signai 
amplirude 

Ch3 + W i d t h  

W f m  does not 
\cross re f  

W S  

tl istogratn 

I' 
r 
c -\ 

i 
i 
i 

r 
L .,- 

$ * .e 

histogram 

t - 
i .- I 3 

t i c J 

I 

C h l  -Width 
773. OnlS 

C h l  -Width 
94,4ps 

Low signal 
amp1 i tude 

Ch2 -Wid:h 
Y4.4pr; 

Low s,iynal 
ampliCLido 

Ch3 .k 'Width 
SS. Oms 

t 6. 

I' .. . 
. .  I 

L .  
* .  

.e 

... .-. .- .. 

..I 

.a. 

E 
3-pt 
I -!. 

c -. .I. J 

INTEQHATIOIi SbIl/VSYHC TEST3 .2 INTEGRATION SHl/SHO/VSYNC/EOL TCST9.3 

- 



c 
+ 

P YJPIM- Z Y 3  

?- 
SUP'S6S 

YJP!M+ L Y 3  
L 

4 
i 

* 
.-!- 

- 1 ." 
t 



ACTEL CAMERA ARRAY TEST 

PROGRAM OF ARRAY AND DATE CODE 
-1 d 

4-20 -93  

TESTER NAME DARRON NIELSEN 

5 / 3 / 9 3  
2 0 5 9  
SASl BIT TEST I 
SASl BIT TEST 1 PASSED 

5 / 3 / 9 3  
20:59 

DOUBLE CORRELATED SAMPLING TEST2 
DOUBLE CORRELATED SAMPLING TEST 2 PASSED 
CHI -> CH2 DELAY 

6.30E-8s 
CHI -> CH3 DELAY 

3.68E-9s 
c;H2 +WIDTH 

CH3 +WIDTH 

CHI +WIDTH 

3.25E-8s 

4.48E-8s 

I .00E-7~ 

5 / 3 / 9 3  
21 :04 

INTEGRATION SMI/SMOYSYNC TEST3.1 
PASSED 
PARM ID 0 9  
PARM ID 1 1  
PARM ID 2 6 A  
PARM ID 3 0  
PARM ID 51D 
CHI -WIDTH 

. . 11 2 -00E-2s -WIDTH 

- 1 -  



1.00E-2s 
CH3 +WIDTH 

9.90 E37s 

5 / 3 / 9 3  
21 :07 

INTEGRATION SM: ;VSYNC TEST3.2 
PASSED 
PARM ID 0 9  
PARM ID 1 1  
PARM ID 2 FF 
PARM ID 3 1 F  
PARM ID 5 1 D  
CHI -WIDTH 

7.73E-I s 
CH3 +WIDTH 

5.50 E-2s 

5 / 3 / 9 3  
21 :09 

'TEGRATION SM1 :'SMONSYNC/EOL TEST3.3 
tAASSED 

PARM ID 0 9  
PARM ID I 1  
PARM ID 2 1  
PARM ID 3 0  
PARM ID 5 1 D  

9.90 E37s 
CH2 +WIDTH 

9.90E37s 
CH4 PERIOD 

9.90E37s 

CHI -WIDTH 

5 / 3 / 9 3  
21:13 

INTEGRATION 5 M 1 /S bl ONSY NC te5t3 -4 
PASSED 
PARM ID 0 9  

IRM ID 1 1 

- 2 -  



PARM ID 2 B 
PARM ID 3 0  
PARM ID 5 1 D  

.d l  -WIDTH 
1.04E-3s 

CH2 -WIDTH 
1.04E-3s 

CH4 -WIDTH 
4.1 2E-5s 

/CH4 -> /CHI delay 
1.22E-3s 

5 / 3 / 9 3  
21 :I 7 

init/t2 TEST4 
PASSED 

CHI -WIDTH 
5.95E-7s 

CH2 -WIDTH 
2.14E-7s 

. 

- 3 -  



S P R A Q U E  POP# 37 
7116/82 

E l-r-93 
E CODF. f l36  074 

€?PRAGUE M.O. #s3 ~~~~/ PART # ~ ~ o ~ ~ & ( + ~ p ,  
AMOUNT S H I P P E D  275 

SUMMARY O F  TEST DATA 
MIL-C-66386C 

A I N e C T I O N  DBTA (W0lkull)  

CUSTOMER 

CU $TOM ER 
CUSTOMER 

Wolbull  L l f a  
Eilmmuu 
O C  LeAkrge 
CJprOltAnOS 
Dlrr lpal lon Faoto; 
EBR (when rpp l l crS le )  
Maahanlorl Exam - 

.- 
V l r u r l  Exam 

8trblll ly a t  Low 3. 
H l Q h  T a m p a r r t u r e  

tLLumU3 
8 0 1 de r6 bll I I y 0 -  

PPM 4.7.4 
4.7.6 .4- 3am llng 
4.7.6 
4.7. IO 
4.7.2 

13 4.7.2 

4.7.12 13 

4.7.16 1 3  

P C I-PF- 

Vlbrrt lon,  HIQh F ; ~ < c e n o y )  4.7.7 12 - 
Raalstrnca To 8 o : l r r  H e a t  4.7.9 

Molrture Rerlrtaf i te  4.7.1 1 - T h e r m A l  Bhook 4.7.8 

18 

24 . 
Llfa (2000 hrr .  r * : 2 5 c Z )  4.7.14 - 

4.7.16 N/A Raslslanor 10 8olvcn!e 
(when a p p l  loa bla 1 

0 0 
0 0 
0 0 .  

0 1  
0 0 

0 

0 0 

I 
0 0 

0 0 

7 

J 
0 

NOTE: C r p r o l t o r i  l . ~ r n i r h r d  rgafnr!  tho appl lorble  a p e o l l l o a l l o n  and ra r r p r r r r n t r d  by t h l a  
t a r t  d a t a  m a a t  all r ~ q u l r a m a n t a .  

O a r t l f l a d  byr P 

* *  N/A l o  gold p l r l c d  :efnlnatldn f ln l rhaa .  8 P RAOU E 6 QAR F O R E M A H  



- -  .I-__ 

cu 
cu 
cu 

STOMER 

STOMER 

BTOMER 

WaIbul i  LI1a 

DC Leakage 

Dlrrlpatlon Faotor 
E8K (when a p p l i o r b l s )  
Meohrnlorl Exam - 
Visual Exam - 
BtabflIly a t  Lou b. 
H i 3 h Ta in p e rat u re 

- 
CJpJOIhnO. 

w 
8 0  ldarnbl l l t  y - -  

BEE A M O U N r A M O U N T A L L O W E D  
PARA.TESTED FAlLEllFAILURE8 
4.7.1.7 100% F f R -  , nool ’ - -  N/A 

P P M  4.7.4 
4.7.6 -&- 8 a m  l lng 

4.7.8 
4.7.1 0 
4.7.2 

13 4.7.2 

4.7.1 2 13 

4.7.1 6 13 

Ylbratlon, Hlgh Frsquancy I 4.7.7 12 - 
Fiaslstanoa To 8 o l d u r  H e a t  4.7.9 
Molrturs R a r l r t a n o a  4.7.1 I - 
LIla (2000 hrr. .+126oC) 4.7.74 

m 
Re818tanOe t o  8 o l v a n t e  4 - 7 - 1 8  

T h e r m a l  Bhook 4.7.8 

18 

24 

N/ A 

( w h u n  applloabla)  

0 
0 
0 
0 

0 

0 
0 
0 

O r  

0 

0 0 

I 
0 0 

0 0 

7 

i 
0 

NOTE:  C r p r o l t o r r  f u r n l a h a d  r g r l n r t  th8  a p p l l o r b l e  r p e o l f l o r l l o n  and A. r e p r o r a n t q d  by t h f r  
l a a t  data  m a a t  al l  rmqolrernanta .  

O a r l l l t m d  by: cY,g/iY - 

B P R A O U E  
OAR FOREMAH *. N / A  to gold platad IcrialnatIon l i n l a h a a .  



S P R A Q U E  P O P #  5 ;  
CONCORD, N E W  HAMPSHIRE 7 / 7 6 f F Z  ,, 

DATE 

LOT#/DATE CODF K F f 7 3  q+$906) 

F H A 9  Skc- 

CUSTOMER NA!AE 
CUSTOMER O f D E R  # J Y / a 3  
CUBTOMER PART i? 

B P R A Q U E  M.O. 4-53 97962 
/ 7 r  AMOUNT S H I P P E D  

SUMMARY O F  T E 8 T  DATA 
M I L - C - 6 6 3 6 6 C  

WelbulJ Lila 
4.7-1 7 100% F/R- .gm,’f 

0 
0 

P P M  
3 s m  llng 

- 
DC Leakrue 4.7.4 

Dlrrlprtlon Faoior 4.7.6 I- 0 
Capaoilanoa 4.7.6 

E8R (when a p p l l c r b l e )  ; 4.7.10 
MeohanIoaI Exam 4.7.2 

0 

0 - 
ALLOWED 
FAILURE8 
- -  N f A  

0 
0 
0 

0 0 4.7.2 13 
I 

V l S U r l  Exam 
I 

0 0 7 3  
-- 

8tmblllly a t  L o w  h 4-7-12 HlQh Temperature 
OU? y 

0 0 9o ldarab l l l ty  0 .  4.7-1 6 13 - 
VIbratlon, H l g h  Freqr!enoyj 4.7.7 12 - Thermal 8 h o o k  4.7.8 

18 
Rcalatrnba To 8 o l d 5 r  Hccl  4.7.9 
Molrlurd R e r l r t a n c e  4.7.1 1 - 
L l f a  (2000 h r r .  9 + : 2 Z c C )  

- ’  

t Ras l s lanor  lo  8 o l v c n ! a  
( w h e n  appl loabla)  

0 4.7.113 N f  A 

* *  N/A to go ld  pla lcd  iermlnal lon flfl l6ha8. QAR F O R E M A H  

\ 

* *  N/A to go ld  pla lcd  iermlnal lon flfl l6ha8. QAR F O R E M A H  

\ 
i 
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S P R A Q U E  POPS $7 
CONCORD, N E W  HAMPBHIRE 7/76/82 / 

DATE 

LOT#/DATE CODF KTfy 
CUSTOMER N A f 4 E  . 

CUBTOMER ORDER # bY/a3 , ++Hod 
5-CL FHA,&? 

B P R A Q U E  M.O. d53 97+6=2 
/ 7 r  AMOUNT BHIPP’ED 

CU8TOMER PA27 A+ 

SUMMARY O F  TEBT DATA 

BESCE 
PARA. 
4.7.17 

UP I (7Cpj.J 

W e l b u l l  t l f a  

DC Leakage 
C r p r o i  t rnor  
D 188 lpr l lo n Fao l o  r 
E8R (when rppl loab!e )  
Meohanloal Exam 

- 
4.7.4 
4.7.6 
4.7.a 
4.7.10 
4.7.2 

0 0 
Q i  

0 

0 

0 - 
e- 

’- 

VlauaI Exam 

Btrbll l ty  n t  Low h 
H l g h  Tarnparrturc 

8 o Ida rn b I I I t y - 0  

13 4.7.2 0 0 
I 

0 0 4.7.12 13 

4.7.1 6 13 0 -  0 

Ylbrr l lon,  H l g h  Fre;:encyj 
Thermal  8hook - 
R a a l a t r n o a  To B o l d e r  H c e t  
M 0 I I 1 urd Re a la tan c e - 
Llfa (2000 hrs. e*i2i’ . ;C) - 
A a s l a l a n c e  Lo 8olvcn:s  
( w h a n  a p p f l o a b l a )  

12 4.7.7 

4.7.8 

1 

4.7.9 

4.7.1 1 

18 

24 
4.7.14 

N/A 4.7.18 0 

O * r l I l l ~ d  by; 

QAR F O R E U A H  



CU 3TOM E R 
CUSTOMER 

CUSTOMER 

E E J 5  
PARA. 
4.7.17 

- A M Z ) Y N T A L t O W E D  
- F A I L E D -  
100% F / R m  .o$:/ - -  N/A 
PPM 0 0 

0 0 
0 0 

0 0 8  
0 0 

Welbull  Life 

DC Leakage 
Capaol tmno. 
D I88 1 pat I 0 n Fa0 lor 
E 8 R  ( w h e n  rpp l lorb lc )  
Maohanloaf  Exam 

- - -- 
I - VI8uaI Exam 

BtabIlity at Low h 
H I Q  h Tern pe rat urd 

8oldarabll l ty  0 .  

4.7.4 
4.7.6 
4.7.6 
4.7.10 
4.7.2 

13 

13 

4.7.2 0 0 

I 
0 0 4.7.12 

4-7-16 73 0 0 

Ylbratlon, H l Q h  Frequenoy  1 

Thermal  S h o o k  - 
Reslstanca To 8 o l d c r  H e a t  
M of a t  ure Re8 I8 tanc e 

4.7.7 

4.7.8 

12 

4.7.9 

4.7.1 1 

18  - - L i f e  (2000 hrr.  e*125cC) 

Resfstance to B o l v a n t a  
( w h e n  appl loab la )  

24 
4.7.1 4 

4-7-16 N f A  0 

N O T E ]  C i p i o l l o r a  f u r n l r h e d  a o a l n a t  tha  a p p l i o ~ b i o  r p a o I f l o a l I o n  a n d  a a  rOprOI8ntOd by t h l a  
10.1 da ta  m o o t  a l l  r o q o l r . m o n t ~ .  

O o r l I f l ~ d  by1 

OAR F O R E U A H  *. N / A  to gold plated tcrrnln8t lon f ln l shao .  
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S P R A Q U E  POP# 97 7/16/82 

CUSTOMER NAME DATE /-g/ - 9.3 

CUSTOMER PART rr” (l/A p d ~  Z4226kii 
CUSTOMER O R D E 9  # T#/DATE CODF .d*357f-/ 

BPRAQUE M.O. fi5-3977’4 
C,x / 

AMOUNT 8 H I P P E D  %//o 
SUMMARY OF T E S T  DATA 

MIL-C-66386C 

2c - AMOUNTAMOVNThltOWED 
m -  w - E q F A I L U R E 8  
4.7.17 100% FIR9 .Q&05 - -  N f A  

4.7.4 
4.7.6 -p 3am l l n u  
4.7.6 
4.7.10 
4.7.2 

0 0 
0 0 

P P M  

Wolbul l  Lllo 

DC LerkrQe 
C r p i o i i r n o ~  
D l ~ r  Ip.tlo n Fdoto f 
E8R (when rpplloaSIc) 
Meohanlor1 Exam 

- - J * ~ 

0 0 .  
0 )  
0 

0 

0 

Ylrurl  E x a m  -- 
’- 

81rblllly at Low h 
High Temparrtura 

8 0 l d ~ r ~ b l l I l y  0 -  

4.7.2 13 0 0 

1 
13 4.7.12 .-, 0 0 

4.7.1 6 13 - 0 0 - 
Ylbrrl lon,  HlQh F r e c z e n c y  

ThtrrnrI 8hook  - 7 12 4.7.7 
4.7.8 

Raslstrnoa To Bolder  H e a t  
Mol8 tura  Rarlrlanoa - 
Lila (2000 hrr.  e+lZ5oC) 

4.7.8 18 

4.7.1 1 

24 - 
4.7.14 

4.7.18 N/A 0 

. .  -. - .  
- 1  .~ . .  . .  _.  .. 
. _  Omrl l l lmd by: 

QAA F O R E U A H  * *  NIA lo gold p l r l a d  fcrmlnal lon f I n l 8 h 0 8 .  



S P R A Q U E  P U P #  97 

C STOMER 

CUSTOM E R 
C U 3 T O  M E R B P R A Q U E  

A M O U N T  8H PAX R pfld s/i22Lk@ 
S U M M A R Y  O F  TEST DATA 

P P M  
DC Leakage  4.7.4 - 
Ctpro l frno .  4.7.6 
D1.s lprt lon Faotcr  
E 8 R  ( w h e n  rppl lcrbie)  
Meohanlor1 Exan 

4.7.10 
4.7.2 

13 4.7.2 
- 

- -  
V l r u a l  Exam 

8lrbIIIly a t  Low h 13 4.7.1 2 
Hlgh Temperature 

3 o l d c r a b l I l t y  0 -  4.7.16 73 
- - 
Ylbrrtlon, HJph F : e q u r n c y  4.7.7 12 - OUP C I N ~ P F C T I Q N ~  

T h e r m i I  8 h o o k  4.7.8 

18 
Rcslsfrncc To 8 0 : d e r  S c e t  4.7.9 - 
Llfa ( 2 0 0 0  hrr .  e*125oC) 4.7.14 - 4.7.1 1 Molilure Re i l r tar . ca  

' 24 - 

N/A 
Rasls lanor  l o  8olven!a  4.7. 16 
( w h e n  a p p l l o a b l c )  

0 0 
0 0 
0 0 .  

o t  
0 

0 

0 
.. 

0 0 

I 
. o  . o  

0 0 

0 

. .  
O e r  ! I f  Iad byt 

I :' 

I ' .  .. 
* *  NIA to gold p l r l c d  !cr=lnalIon f l n l r h a a .  OAR F O R E U A H  



SHIP DATF 01/21/93 

i o  CAPSTONE ELECTRON I CS CORF' 

2 5  HUB DRIVE 

T EIELUILLE,  NY 11747 

I L  
. ., - 1  D 

i o  
, 

WEIGHT CHARGES 

. SHIPVIA TRACKER NO. 

I 

: IY&YT%~FGERcEL SERV I C% TY. SHIPPED 
Q 

. i .  

\ 
-----I- -...-. .. - - - . - -.-.-- 
JSTOMER PART '%. 

CWR06JH226l<C J . M I L  

' c  .. 
SPRAGUE PART 

. .  ------- ----------- . * I - i  --------c- - .--_-___._____ ----r--- 



i 3 P  RAQU E P a p #  97 

LOT#/DATE COD 

S P R A Q U E  M.O. 

CUSTOMER NA!,!E 

CUBTOMER 0SCE.S i? / D X / 3 3 q q  dd/ 
CUSTOMER PAST $pu&/ .* . 

AMOUNT BHIPPED A35 -HX.#/!96K~/ 
SUMMARY OF TEST DATA 

M I L - C - 6 6 3 8 6 C  
P A JNSPFCTIQ~~JATA (W- 0 

BEE 
PARA. 
4.7.17 

4.7.4 
4.7.6 
4.7.0 
4.7.1 0 
4.7.2 

4.7.2 

4.7.12 

AMOVNT 
TESTED 

Welbul l  Llfa 

DC Lerkage  
Crproltrnoc 
Dtr r lpr l ton  Faolcr 
E 8 R  (when a p p l l c r 3 l a J  
M r o h a n l o r l  Exam 

V l r u r l  Exam 

8trblllfy at  Low b 
Hluh Temperature 

- 
- -- 
SUBaROUPV 

* 8o ldsrab l l l ty  0 -  

PPM 0 
0 
- 

0 
0 

0 

0 
0 
0 

o t  
0 

13 

1 3  

0 0 
I 

0 0 

4.7.1 6 13 0 0 

Vlbrrtlon, H l g h  Frcqxezo)  
Thermal 8 h o o k  - 
Raalatanoa To 8o10cr  s e a  
M 01 a f ure Re Ir  tanc c - 
Life (2000 hrr .  ~ + I Z Z C . S )  - 
R a s l s l a n o e  to 8olvci;:s 
(when appl loabfa )  

I 4.7.7 12 

4.7.8 

1 
4.7.9 18 

4.7.1 1 

24 
4.7. I4 J 

* 4.7.1 6 0 N/A 

O a r t l f l s d  by: 
8P RAO U E 
QAR FOREUAH 0 .  N/A l o  gold plrtcd :errnlnatlon flnlshaa. 

I 



. .  - .  

. .  

.. 

. .  . .  
I 

i 

-._ -,: . .: . _ _  . -. . -_ . . \ .  .. 
,,. I 

I 

i 



3 P RAQU E 

;I// ?%€y / P  $73 
HAMPBHIRE 

DATE CU9TOMER N A M E  
LOT#/DATE CODF k S O  37- / /?3i95 (J 

A53 9: 7d=2z CUBTOMER OEDER R / 2 3 q i #  o a  
5kc- B P R A Q U E  M.O. 

AMOUNT B H I P P E D  a70 
CUSTOMER PART # ( I u /dk f l f l / d  

. SUMMARY OF TEST DATA 
M 11-C-66386 C ._-- 

ATA (Walbulr) c, 
P 1 l j  BEL f l M Q ! J m W W  

Welbul l  Lira  

DC Leakage 
Crproltano a 
D l S J l p a l l O n  Fao!c; 
E 8 A  ( w h e n  a p p l l o ~ b f q )  
MsohanloaI Exam 

- 
T-.. - .- - 

VlJU.1 E x a m  
- *  - Btrbll l ly  a1 Low h 
H l g h  Tamperrlure  

So ldarab l l l l y  

PARA. 
4.7.17 

4.7.4 
4.7.6 
4.7.6 
4.7. I O  
4.7.2 

4.7.2 

4.7.1 2 

4.7.1 6 

LE3X-Q FAlLEDFAILURE8 
100% FIR- *oC3/7 e -  N f A  
PPM - 0 i! I 

3 a m  l l n g  01':. 

..: I.. 
0 
0 

0 0 

O r  0 

0 Q 

13 0 0 

13 0 0 
I 

z 
13 0 0 

\ 

Vlbrat lon,  H l p h  F r e q z e n o y  J 4.7.7 12 

T h 8 r m r l  Bhook 4.7.8 

a!Jmuwl 
M o I I turd R O  c I i tr c c  e 

I .  

18 i i c a l s l r n o a  To E c l < c r  H e c t  4.7.8 

4.7.1 I 

2 4  
4.7.1 4 - 
4.7.16 . N l A  R a a l a l a n o s  l o  8 o l v c c ! a  

(when  appllon b le  J 

. ' 2  1 

C 



P. 1 

. . . . . . . . . . . . . . .  

DATEt 1/25/93 . 

I!j!EXs $i 5OOpcs. CDR32BX333AKUS 

% SOOPCS. CDPJZBXIO3BEXJS 

OBSECTIVZ QDAftlTY EVTDENCE AND SUBSTIWTmTIW TEST DATA 
IS ON F'TT,F: FUR EXAMTNaTION UPON REQUEST. 

'TIMOTHY I). BfLYR < 
..... . . . . . . . .  -_-.-. _.-. - _- -. .- _L 

. -7- 
:: 2 Centre Pointc Drive - Miloitas. CA 950354834 (408) 262-6000 



r 'ILL To 

. ....- . . - . ... . -. . . - - -  . 
5104234986;g 5 

7 rsH'PTo 

9 9 9  I fiTB I 01 

A W 1  

F I C  i 
G . M I  

.. . 

_I ... 

LDR32BXiCS2KUS 
- 0 1 U F  LaSV 
D X A 2  P R I O R I T Y  RATING 
COMTRACT~W-7SBS-~NG-~ 

I O N  X f t F O R Z A T i O N t  
T NOT BE S?ENEO B Y  LLNl 

T O T A L  UHITS SHIPPED: 

-- 

.3/93 

6 

REC. C ( I  

~ 

ALL CtAlMS M U S r  BE MA1 

PACKING sup RETURN NO GOOOS WITHOUT OUR PREVIOUS WRITTEN AUTHORIZATIO:; 

. . ... I 
. .  . 

R E C'D; EEN ~ H P I A C R D ,  YELLOW- PACKKC SLIP, rmm -sALcs . .  ;. ' 



100 MIDLAND AVE. PORTCHESTER. IiY 70573 
PH: (914) 937-7400 

CUSTOMER PURCHASE ORDER t 

.: . .-.. >-: .:. -. 2: - r: . : 

military distribution spedalists 

. and Procurement Traceability 
CUSTOMER NAME AND A D W E S S  I MANUFACNRER I ASSEMBLYC3DE 

rtificiate of Conformance 
DATE 4TTENTION: QUALITY ASSURANCE DEPARTMENT 

I 

PER Mil-S-19500 n MiLR COMMEAcirr 
CERTIFICATION TYPE: 

0 PER MIL-M38510 U P E R  MILSTD883 n MiLC 

.': i/ ..... .... , 
_. , . 
I 1 . . . .  .... ..? . 

... 

RETEST I 
-.. . 
i_. . . _  . .  - _  

.- . . _  ! : i .  '7  I 

EXPIRATION J 

The undersigned certifies that all articles included in each shipment u n d s r  
t h e  above purchase order are in accordance with said purchase order and with sll 
requirements, specifications and drawings referenced therein; and that records of 
inspection and test providing objective evidence of the foregoing are o n  file at th is 
facility, or at the manufacturer's plant, and are available upon request. Certification 
that this shipment i s  a part of the shipment covered by the manufacturer's 
documentation. 

. 
r:;.., . I.. . ., . 

. . . . . .  . .__a . . . .  ' + '  . . .  

... ;-. : .... . . . .  :. :., ..,.- ;;-..: :.:: . . -0 . ; : .  . . . . .  
. .  . _ . _  _ .  . . . .  . . .  . .  . li, , . . _  . ._. :.< . , .  :. i ..- 

WHEN CHECKED MANUFACTURERS CERTIFICATE AlTACHED 

. .:. . !' 
E l  

NOTICE REGARDING RETUE': ACCEPTANCE OF MATERIAL. 

ZEUS cannor eccept the re:"-- :- T- I !oi or any part of this lot which does  not include the original or copies of This and .--:-e- 
documents supplied rvirh fh:: ;- :---- 



'3 . \ 
-- \ 

L- 

7'0 : ZEUS S E M I C A P ,  I N C .  

REF : PURCHASE CiZL-C.? bXil.iGER : 747137 * 



oate i n--9--97- 

I t  is  hereby csrtified that the products (Modei numbers listed below} supplied 
t o  Lawrence Livermore Lab on Purchase Order No, 13227575 , 
ere in confomncc with oH your purchasc order requirements, including applicable 
government, your or other specifications and. drawings, to the extent specified. 

The required and/or inspection reports rwilring fmrn compliance with applicable 
purchase or& requirements are on file and available for review by your representative or 
gmmmenr Lipxtors at  any reasmable time. 

ANALOG DEViCES, INC. 

ANA&OG DEVlCES, INC. 
R O U T  1 INDUSTRIAL PARK @ NORWOO, MASSACHUSErrS 02062 * E L :  617/329-4700 



. 

It is  hereby csr,ified i h a i  The products (Model nilrnbers listed below) supplied 
to  Lawreace Jive-more Lab on Purchase Order No. B227575 , 
are in conio-;;.:-E wixh JH your purchssc order requirements, including applicable 
government, ~ C Z -  0: other specificstions and drawings, tcr the extent specified. 

The r q u i r d  :G .zr.d/or inspecrim reports rwrlting fmrn compliance with applicable 
purchase order r=rciromm;s are on file and available for review by your representative or 
governmen: L - s c c r s  a: any reasonable time. 

ANALOG DEVICES, INC. 

ANALOG DEVIC€S, INC. 
R~JJ-E : .:.3ufT?IAL PARK e NORWOOD, MASSACHUSElTS 02052 . E L :  &17/329-4700 



- . . . . 

. 

Date 10-9-97- 

It is  hereby c e ~ i i k 5  Thai the products (Model nilrnbers listed below) supplied 
to Lzxrexe Livle-more Lab on Purchase Order No. B227575 , 
are in confcrr.;.,?cc with ol i  your purchzm order requirements, including applicable 
goverrirnent, ye;- or other specificstions and drawings, to the extent specified. 

The r q c i r d  fx zcd/or inspection reports rwiiting fmm campiiance with applicable 
purchase order muirements are on file and available for review by your representative or 
wrnmen:  - s = s c r s  a: any reasonable time. 

ANALOG DEVICES, INC. 

Andkdq: S p i s a k /  O f f i c a  Manaqer 

ANALOG DEVICES, INC. 
R C ~ - E  : :.~USTSIAL PARK ~NOAWOOD,  M A S S A C H U S E ~  02062 STEL: m 7 / 3 ~ - 4 7 0 0  



ACCE-P'I'ANCE DATA 

I 
I 
I 
I 

'I 

1 

, , -  

- 





I t  is 

C e r ti E i c a t  e 0 f C o m p  1 i a 1-1 c e 
hereby cer t i f ied t h a t  the  p a r t s  f u r n i s h e d  on  this 

Certif icate Of Compliance have b e e n  m a n u f a c t u r e d  in  
conformance  with t h e  r e q u i r e m e n t s  of all appl icable  

drawings a n d  specif icat ions as  def ined  by t h e  pu rchase  
order .  

Customer Part Number 

Calogic Part Number ,55*7--. ".<' /.q- c .x ") 3t.5-3 -5- Purchase Order Number 5 1 

?/? - (I;' ,y; ,$;& # c_ 

Wafers(s) # - c 

/hL/['' / Quantity 

calqlc 
, "\ 





,-, :.: -5s.: PACK O A T €  : _. . v ss. E POH 
... ;. >;rq.,;- 249oI) 09-18-92 _.. . . L  5 1  

S C C  caru\*clztS 

IP TO: UCL-tNL 
7000 EAST AVEWE 
LIVERMORE CA 94553 

b e l o o .  

or&r referenced btloc has been ranulactured. tested. and/or lflspv: .:: .: 
accordance uith the rewirecents o f  the applicable specifications. 

No metallic orirary roapoiitids .?IP ucrd i n  the  process of  i n  t h e  ::.is 

furnished herein. inspections and/or tests have been perforned as 
applicable. 00 both a variable and 6040-60 basis. utilizing equipmer: -: 
accordance uith the requirements of 311-510-45662. 

Documentary evidence in the fora of 
on file and.are available upon request. 

Quality Representative 

BILL TO: UNIV. CAL. LAWRENCE NAT. 
P. 0. BOX 5881 
LrvERMoRE CA 94550 

154073 t A .b 60 



. 

. -... 



c! THOMSON COMPONENTS AND TUBES CORPORATION 
THOMSON MILtTARY AND SPACE COMPONENTS DtVlSfON 

4OG Commerce Wa, 
Post Office Box W. 
Totowa, New Jersey C751: 
Telephone 201 812-93X 
FAX 201-812.4350 

C E E t T r P I C A ~  OF CONFORnsN CE 
-Qsc2- 

TO : -LLNL DATE: 10-13-92 

7000 EAST AVZ, LIVERMORE, CA 94550 

(CUSTOMER',S NAME AND ADDRESS) 
CUSTOMER P/O: 3228341 

TETD ORDER C3NFIXvATIOI?: CCD1038 
SHIPPING Docmzxr: 2L0102247 

-- 
.. 

DEVICE TYPE: F 7 9 S O C  
20 LOT SIZE: SHIPPED QUANTITY: - 

LOT N m E R :  
DATE CODE: REINSPECTION DATE: 
GENERIC SPECITICATIONI -1988 CCI) DLTABOOK REV: 
DETAIL SPECIPICATIOX: REV: 
SCREENING C Z S S  : 

- 

REMkRECS : 
OLD PART I i U X E Z  : TPX33501 

THE ZiSEERSIGXE3 -ZER?iFT THAT THE PARTS LIS?%D, GNDER YOUR 
PbifiCSkSE CR333 SSC!X?: ASOVE ARE PAPIT O F  THE SHIPVSXT COVE-ltCD 
BY TX"c 31%TiTU'T>ZZEZ'S CERTIFICATION ATTACHED, TFAT ALL 
YXODUCTS M.2 AS DESCXISED ON THE CERTIFICATE, ANI! THAT 
PRODUCTS HZ-'v'Z 5 Z Z S  ZXTDLED I N  ACCORDANCE WITX JEDEC 
PLTBLICATICS 105 G I C s  LXEN Ih' ?OSSESSIGN O F  AEOVE 
VEhqOii. 

CATE M 1LITW.Y P-PROVAL 
(QHEN REQUESTED) 

t?CTi?: WHEN E r Z 3 Z I K G  TO THESE PARTICZILJR DEVICES, PLEASE 
MENTION THE ?SLL3:I?:G INSPECTION NUMBER : 

2D10034/25102247 



1 -  - 
kb THOMSON COMPONENTS AND TUBES CORPORATION 

THOMSON MtLlTARY AND SPACE COMPONENTS DW3lON 

4OG Commerce Way 
Post Office Box 540 
Totowa, New Jersey 0751: 
Telephone 201 812-9000 
FAX 201-812-9350 

TO : -LLNL 

CERTITICATE OF CONFORKAN CE 
QSC2- 

DATE: 10-13-92 

7900 EAST A m ,  LIVEKXORE, CA 94550 

(CUSTOMER‘S NAME AND ADDRESS)  
CUSTOMER P/O: - 9  5.~23341 

TETD ORDSR COXFZ~-?!!-TTOl<: CCD1038 
SHIPPIKG COCIR.fZWT: 2LO 1 0  2 2 4 7 

DEVICE TYPE:--.E 7 7950c 
LOT SIZE: SHIPPED QUANTITY: 20 , 
LOT K i E R :  
DATE CCDE: REINSPECTION DATE: 
GENERIC SPECIFICZTION: 1988 CCD DATABOOR REV : 
EETAIL, SPECIFICLTI38: REV : 
SCEEENINC- CL?iSS : 

- 

THE UXDERSIGh’E2 ZEXTIFS: TIiiAT THE PARTS LISTZD Gh?)ER YOUR 
P’J’fiCSASE ORDE3 S~!?A‘?< A3’iC)VE ARE PART OF W E  SHIPYZXT CC>VE?23 

YBODUCTS ARE XS 3jfSSii l r”ED ON THE CERTIFICATE, -AX32 THAT 
PRODFCZ’S XAVE B Z 3  F3&3iED IN ACCORDEJ’CE V I T X  JEDEC 
PUBLISBTICN 10s G I S S  LXEN Ih’ ?OSSESSIGN OF AE3VE 
VEND03 

. BY T,YZ X U ? F A C ? ~ . 2 Z r  S CSRTIFICATION LTTACRED, TF’SiT ALL 

m. 
il) 

MILITARY PCPE’ROVAL 
(hHZ’N REQUESTED) 

NCTZ: WHEN RE?ZXF15Z TO THESE PARTICULAR DEVTCES, PLEASE 
MZNTI9K THE F O L L 3 X 2 J G  INSPECTION NUMBER: 

2010034/2LlC2247 



M i a m  Power Systems 

CERTIFlCATE OF CONFORMANCE 

SALES ORDER NO: 

PURCHASE ORDER NO: 
38 , 

D -33 9 0 6 8 %  
CUSTOMER PART NO: a&- BTL JJf3 

DATECODE: &@ ~&LG -&A  - . _  
COUNTRY OF C3;'I;GlN: J l  

LAST ELECTRICAL TEST DATE: t %=/?a 
SELLER CERTIFiES T?AT: 

1. Tine parts ki:r+s%d zgainst this purchase order were produced in conformance 
with all cor,::~.z~~liy 2.pplicable specifications. 

- 2. Data taken to c%rx%rize the final product under the above purchase order is 
zvailable for exrminztion by duly authorized personnel. 

SELLER: MlCRG ?OWE8 SYSTEMS, INC. 

QUAL17 REPRESENTATIVE: 

TITLE: S A  Specialist 

F.G. Sox 54965.3100 Alfred Street. Santa Clara 9- 
Telephone: (408) 7275350 Fax: (408) 5623605 

Exhibit I1 SPECIFICATION NUMBER: QA-303. Rev. F, Page 1 of 12 



SELLEE CERTIFiES 7 G T :  

1. 

2. 

- - .  . - I he p2cLs -: .... I-- . :.=, :z"u against this curchase order were produced in coniormance 
with all ccnrrzzx~fiy applicable specifications. 

D&a t&eE fz 5xrEcterize the final product under the above purchee order is 
zvsilabie fc; =-.e=-*--- -*,-. ;I; &icn by duly authorized personnel. 

SELLE9: 

Q L ! .L7 '  i? E? R ES ENTAT IVE: h f c  .&-. 

Z.C. Sox 3: -2  X r e d  Street. Smta Clara 95094-0965 - : c!ephone: (<Zi 727-5250 Fzx: (4C8) 562-5 

i 
I 
1 I 

I 

i 

! 
i 
i 

I 
! 
i 
i 

!%hitit I1 



HICRO P o r n  SYS. OZ/L6/B3 l0:ld 6'406 562 3605 
QUALIFICATION I 

TEST DATA MANUFACTURING PROoucr CDX 
f LOW TRAVELER Q4REPORTZ; 

DATE: 
LOT =: 7/E$Y084&-3 
DATE CODE: 28 7226 

PAGE I OF 1 I 
I I FLASH CONVERTERS GROUP A TEST DATA 



- I .  I h e  paris k~mIshes’ against this purchase order were produced in conformance 
wiih 311 cc:?rrz~z%zliy applicable specificstions. 

2. Data take2 12 chzrzterize the final produe under the above purchase order is 
aailable izr zxaimiion by duly autnorized personnel. 

I SELLER: MICF,-,3 POWER SYSTEMS, INC. 

0 W.2V REPRESENTATIVE: b / / c  .&2J.%h- 

TITLE: QA Specialist 

-5 3.3. Eox %65, 3100 Alfred Street Santa Clara 9W94-090 
Telephone: (408) 7274250 Fex: ($08) 5623605 

Exhibit I I  S?=ECiFlCAT!ON NUMBER: QA303, Rev. F, Pase 1 cf 12 



Mi- Power Systems 

CERTIFICATE OF CONFORMANCE 

SALES 

PURCHASE 

DATE: 

ORDER NO: 

ORDER NO: 

CUSTOMER PART NO: 

CUSTOMER DWG NO: 

.... - . . -5: K: 

COUNTRY OF ORIGIN: 

?,jZ< 3t n7- 

Exhibit I I  

%8& 8 - x/ -883 
JJ-sA 

Q~JANTITY. 

DATE CODE: 

LAST ELECTRICAL TEST DATE: 

uced in conformance 

/e purchase 

P.O. Sox 54965,3100 Alfred Street. Santa Clara 9- 
Telephone: (408) 7275350 Fax: (408) 5623605 

order is 

SPECIFlCATlON NUMBER: QA303, RSV. F, Page 1 of 12 



a quality electronics distributor 
7 3 3 8 5  N.W. 52ND AVENUE, MIAMI, FLORlDA33014-9317 

CERTIFICATE 0.F CONFORMANCE 

ALL AM3ICAN CERTIFIES THAT THE MATERIAL SUPPLIED ON YOUR PURCHASE ORDE= 

IS DESIGNED TO MEET SPECIFICATIONS PE? f ] b L 2 ? 5  73 
1) D MIL-S-19500/ 2) 0 MIL-M-38510 3) 0 MlL-STD-8S 

4) 0 DESC DRAWING NO 5) dCOMMERCI.L, 

/ 

1 E L  !.1ANU FACTURER 

3ATE CODE 

1 C - L  
3ATE SHIPPED 

J!SPECTION DATE 

ALL AMERICAN SELIICONDUCTOR CERTIFIES THAT ALL ARTICLES INCLUDED IN EACH SHIPMENT 

UNDER THE ABOVE F'JRCHASE ORDER(S) ARE MANUFACTURED IN ACCORDANCE WITH ALL 

MANUFACTURER'S AND'OR APPLICABLE MILITARY SPECIFICATIONS SO DESIGNATED ON SUBJECT 

PURCHASE ORDER. A?:3 FURTHER CERTIFIES THAT THIS SHIPMENT IS A PART OF THE SHIPMENT 

COVERED BY THE MAYGACTU.SER'S DOCUMENTATION. TEST REPORTS FOR MATERIAL SUPPLIED ARE 

ON FILE, AND ARE AVA1L;BLE FOR EXAMINATION AT THE POINT OF MANUFACTURE. 

1 QUALITY C ROL DESIGNEE 

MANUFACTURER'S CE7'FICATE ENCLOSED 0 



a quality electronics distributor 
16085 N.W. 52NO AVENUE, MIAMI. FLORlDA33014-9317 

CERTIFICATE OF CONFORMANCE 

ALL AME3ICAN CERTIFIES THAT THE MATERIAL SUPPLIED ON YOUR PURCHASE ORDS 

IS DESIGNED TO MEET SPECIFICATIONS PE2 DB'L-LT 573 
1 .  

1) O MIL-S-19500! 2) 0 MIL-M-38510 3) 0 MIL-STD-W 

4) 0 DESC DRAWiNG >;2r 5) E-COMMERCIAIL 

2-56 3UANTITY 

/ 

?.:ANUFACTURER I E L  

>ATE CODE 

1 .y. (= 'ir_ 
:ATE SHIPPED 

ASP ECTlON DATE 

ALL AMERICAN SE!.XONDUCTOR CERTIFIES THAT ALL ARTICLES INCLUDED IN EACH SHIPMENT 

MANUFACTURER'S r;!.T;OR APPLICABLE MILITARY SPECIFICATIONS SO DESIGNATED ON SUBJECT 

PURCHASE ORDER. AJ.3 FURTHER CERTIFIES THAT THIS SHIPMENT IS A PART OF THE SHIPMENT 

COVERED BY THE h?AXLFAGTURER'S DOCUMENTATION. TEST REPORTS FOR MATERIAL SUPPLIED ARE 

ON FILE, AND ARE AV.XL53I-E FOR EXAMINATION AT THE POINT OF MANUFACTURE. 

UNDER THE ABOVE FURCHASE ORDER(S) ARE MANUFACTURED IN ACCORDANCE WITH ALL 

l&fJ.?- 
QUALITY CObfROL DESIGNEE 



PENSTOCK, INC - 
SUNNYVALE, i A  S;3086-4018 

PH:408-730-030? iFX tG08-730-4782  

520 MESCLEY DRIVE 

UPS SHIPPER B CA 9-65-148 

SHIF  VZ.4: UPS 

PACKSLIP PACK DATE CUSTOMER PO# 
P9324903 10-06-92 8229281 

SHIP TO: UCLLNL 
7080 EAST AWUi 
LIVERMORE CA 94550 

This  is t o  c e r t i f y  t h a t  the  mater ia l  furnished p u r s m :  :: :e pu: 
order  re ferenced  belov has been manufactured, tested; and/c.: 2 s ; e c t e d  
accordance u i t h  t h e  requirements of the  applicable s p e c i f i u 2 : l r s .  ' 

KO s e t a l l i c  Rercury coapounds a r e  used i n  the process I= ij %e pi 
furn ished  herein.  Inspec t ions  and/or, t e s t s  have been p e r f o r m  is 
appl icable ,  on both a v a r i a b l e  and 60-WO-60 basis,  u t i l i z i n g  m i p e n t  
accordance u i t h  the  requirerrents of #I-STD-45662. 

Documentary evidence i n  the form of  te$std/or I n s v c h  rzgcrt! 

ifi d b  b v  on f i l e  and are available upon request. 
~ 

Quality Representztib: 

BILI TO: UNIV, C A I ,  IAWRENCE NAT, 
PI 0, BOX 5081 
1IVERMRE CA 94550 

I E R  DATE: 09-18-92 ,IC: Z C L L N - 2  INS IDE:  NCG OUTSIDE: NC2 WEIGHT : -> 

DISCREPANCIES X L Z -  ?.E ZEPORTED LJITHIN 5 DAYS. 



u I v c ~  I c I c i c i i C r u  o Ids oeen manulactured, tested, and/or Inspected i n  

No metalllc Iercurv comoounds d i e  used I n  t h e  procirr or I n  the Darts 

1' . .NYVALE, C A  9 4 0 8 6 - 4 0 1 8  accordanct ulth tht I .qulrerents o f  the a p p l i c a b l e  speclflcatlons,  , .  

BH: 408-730-03O0 FAX: 408 -730-4782  

UPS SHIPPER (I C A  9 - 6 e 1 4 8  
./ 

SHIP  V I A :  U P k  

PACKSLIP P A C K  DATE CUSTOMER P o l l  
P9324902  10-01-92 8 2 2 3 2 9 1  

SHIP TO: U C l l N l  
7000 EAST AVENUE 
LIVERMORE CA 94550 

V I  

furnlshed h e r e l n ,  Inrpectlons and/or tests have been performed as 
dppllcablo, on both d varldble and GO-HO-GO basis, utlllzlng equlpflent In 
accordance ulth the rcqulrensnts o f  HI-$10-45662, 

on f l le  and are d v a l l r b l e  upon request, 

' 

Documentary evldtnct I n  the form o f  

P 

Qual 1 ty Reprritntatlvt 

B I L 1  TO: UNlV, CAL, LAWRENCE NAT, 
P, 0, BOX 5001 
LIVERMORE CA 94550 

'RDER DATE: 03-18-92 I D :  UCLLN-2 . INSIOE: NCG OUTSIDE: NC2 

.- L I N E  B I N  PART HUClBER APN E.!!! QTY SHIPPED 

003 CLC502AJE 154710  E A  ' 56 
C O N  f3/0=4 
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~NIUERSITY OF CALIFORNIA 
LAWRENCE LIVERMORE LABORATORY 
ACCOUNTING OFFICE 

ANALOG DEVICES, INC. 1 

3 TECHNOLOGY WAY NORWOOD, MASSACHUSETTS 02062 TEL: 6171329-4700 
P 0 BOX 5001 

L I VERMOR E 
c4 94551 1015 YS J 

CUSTOMER PURCHASE ORDER NO. DATE OF ORDER 

R2py54 oq, ', p ,,: *> 

-1 

It Is herebv certified that the products (Model numbers listed abov 

J 
DESCRIPTION 

IC, PIUNQ B-.BIT D / A  C O W E R  

.. i /  

OTY. SHIP 

4 5 

supplied on the above referenced purchase order, are 
;able government. or other specifications and drawings. in conformance with a l l  purchase order requirements, including app 

to the extent specified. All 883 product is compliant to paraoraph 1.2.1 of MIL- STD-883. 
The required test and traceability documentation result ind from compliance with applicable requirements are on fi le and available 
for review by your representative or government inspectors at any reFonable lime. 
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MC Qualiq Level 

DRIVE LEVEL MAX [ J.LW 1. 
MEASURING EQUIPMENT NO. ecx 

QUALITY CONFORJdANCE INSPECTION MIL-C-3098 GI 

MAJXI.NG M(' 70 
OSCILLATOR NO. gqq 

TYPE Pcs 

LOT No.: 1% 
FREQUENCY [ kHz ] FREQ-TOLERANCE -k - [Em1 

LOAD CAPACJXANCE CL [ pF ] SHUNT CAPACITANCE- Co 3.m [ pf ] 

SERIES RESISTAVCE R 1 < [ k R ] 0PERAT.TEMP.RANGE L. +&oc 

Imp-Level n - c  n - c  eff 

M&STD i o m  E F F E ~  
- 

0 SERIES RESISTAXCE R 1 [ k fl ] 2 / 0.65 

0 
b 

A FREQUENCY DELIAT. f/f[ppm] 2 / 0.65 

VISUAL 2 / 1.0 

TIJRNOVER POIST ["C ] S4 / 0.65 

TEhlP.COEFFICIEAT Q ["C -l] S4 / 0.65 

TEMP.COEFFICIEhT $ ["C -21 S4 / 0.65 

OPERATING TEhlP-RhYGE S4 / 0.65 

% 2s-c , 

~ 

1 I 
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Appendix H.2.7 
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Appendix H.2.7.1 
Electronic Test Procedure: 

Actel Camera, PWA with Gain and Offset Control 
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Electronic Test Procedure 

University of California 
Lawrence Livermore 
National Laboratory 

Actel Camera, PWA 
with Gain and Offset Control 

LEA92-3128-06 
Revision 00 

(ST1 configured) 

Date Rev. Date Approval 
r 

6p3 - 
PREPARED BY: MERCEDES 

REVIEWED B Y  DARRON 

Actel Camera, PWA 
with Gain and Offset Control 
Electronic Test Procedure 
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,_I_. 

1 .  Scope. 
This documeni specifies equipment and procedures required to verify the electrical performance 
of the ACTEL Canera Printed Wiring Assembly (LEA92-3 128-02) in the startracker 
configuratim. 

Oscilloscops camaa photos and graphs should be attached to the test procedure. Other printer 
data should k placed in a document protector and inserted in this certification log. 

Section 16 dt-xriks those tests that are required after conformal coating. 

2 .  
2 . 1  Required Documents: 

Required Documents and Test Equipment. 

Actel Camera PW3 Schematic, LEA92-3128-01-OC OR LEA92-3128-.11-OC 
Actel Camera PRB Assembly Drawing, LEA92-3128-03 
SUN DatacubeTtst Station 

P . P  .c1-s1-002 

2.2 Required Test Equipment: 
SUN DatacukTzst Station 

inclucks Protomax Interface 
S 162 Data Interface Power Supply, AIT EE-0090-10 

Engineering lH7883 CCD for test purposes 
Digital voltmmr soch as Fluke model 77 
AM 503 Currat probz (2ea) powered by a TM502A Power Supply 
Tektronix 246>33 Analog Oscilloscope with P6106A probes (4ea) 
Oscillosmpermrdinl a camera 
Tektronix TDS-W Digital Oscilloscope 
Hewlen Packard De& Jet 500 Printer 
I-P 4194 Impedance Gain-Phase Analyzer, with probe and RG 58 cabling 
Tektronix HClOO color plotter 
Philips PM 3585. ux) MHz Logic Analyzer 
TV Optoliner h f d d  K-4OOO (with neutral density (ND) filters) and Lamphead 
HeNe Laser, 1mW at 632.8~1 (with ND filters) 
Surface mount t&g probes, 
Tekironix %pin and &pin SMQKl PLCC 
Actel Camera bclard &er mount, to prevent CarrieripC card flexing 
PC board holdzrklamp 
Video Copier F’rcewr Tektronix Model HCO2 
Environmental chambzr 
Timer 
Black cloth or an opaque cover for the CCD 
Packing Foam 
Breakout Connzcrcr. 51 mntact miniD 

The above listed test equipment MUST have calibration dates within one year 
of test integration. Calibration records should also be available for inspection. 

Any fabricated testing hardware, such as the 51-pin breakout connector,MUST 
have qualit! assurance tagging and records stating such. 
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3 .  Conditions and Requirements 

3.1 Precautions 

(1) Responsibility for Safety. All personnel are responsible for maintaining a safe 
work environment. The Test Conductor or cognizant operator shall assure that 
appropriate safe practices are implemented during these operations, and that operations 
are performed in a proper order. 

(2) ESDS Equipment The test specimen contains electrostatic- sensitive devices which 
are exposed at the electrical interfaces. Therefore, it shall be handled per MIL-STD- 
1686 Class 1. The test specimen, the test operator (using wrist straps), and related 
elecmcal test equipment shall be connected to a common ground before any electrical 
mating or de-mating operations, and during the use of any eldtrical test equipment 
p r o k .  There shall be no "hot-plugging" of the test specimen with any test equipment. 

(3)Examine Connectors. Before niating any fight connector, examine the connector 
and the connector with which it is to be mated, to assure that there are no interferences 
at the pin interface. Connector savers will be used at all times. 

3 .4  Cleaniiness and Environment 

(1) Standard laboratory conditions of atmospheric temperature, pressure, and humidity 
are acceptable for the testing defined herein. 

(2) Normal housekeeping standards will be required. If appropriate, the unit may be 
cleaned prior to installation into the next assembly, or prior to return to storage. 

3.5 Quality Assurance (QA) Provisions 

QA provisions operative during activities defined in this procedure shall be as specified 
in the project's QA Plan. This section identifies the interfaces between QA and test 
personnel. QA and test personnel are jointly responsible for the effectiveness of these 
intefixes in implementing the QA provisions. 

(1) QX shall be notified, in advance, of performance of any activities described in this 
procedure. A QA Inspector may monitor those activities as is deemed necessary or 
appropriate, in accordance with the project QA Plan. The inspector shall verify that the 
proper reyision of this procedure is used, and that the required Certification Log is in 
proper order. QA wil l  then give the "OK to Test" prior to the start of test activities. 

(2) The QA Inspector shall verify: that calibration is current for all measuring equipment 
used in these operations, and will not expire prior to completion of these operations; 
that applicable project-specific electrical support test equipment (STE) has been 
properly certified and tagged; and that applicable lifting and handling STE has been 
propirly proof tested and tagged. 

! 
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Qualit3 Assurance (QA) Provisions (continuation) 

(3) The QA Inspector may assist in assuring that the precautionary and environmental 
requirements stated in 3.1 and 3.2 are met. He shall also, at his discretion, assist in the 
inspection of test setups prior to application of power to a test specimen, and prior to 
any mechanism-assisted lifts or moves. 

(4) Upon the occurrence of a test anomaly (any event that deviates from the planned 
procedures, exceeds normal variations, or generates unexpected data), operation of the 
test article shall be stopped immediately. AU other test conditions and parameters shall 
be maintained (except as those conditions may pose an immediate hazard). The QA 
Inspector shall be notified that a test anomaly has occurred. 

(5) The QA Inspector or Test Conductor (with QA concurrence) shall note each test 
anomaly on the Failure Reporting And Corrective Action System (€%WAS). The 
Inspector and the Test Conductor shall review the anomaly. Minor troubleshooting may 
be done to determine the cause of the anomaly; however, no disassembly or other 
actions that present a risk to the test article shall be allowed. If the anomaly is found to 
result from human error or test equipment problems that have not affected the test 
article, corrective action shall be taken and testing may continue. All troubleshooting 
steps and results shall be recorded on the FRACAS. The Test Conductor shall 
supervise any troubleshooting or retesting required in resolving test anomalies. 

(6) I€ a test anomaly cannot be resolved as described above, the Project Engineer shall 
be notified. If the action indicates that a rework or repair may be required, the anomaly 
and troubleshooting results shall be noted in the Action Item List (AE) portion of the 
Certification Log, Fracus report and a Material Discrepancy Report (MDR) shall be 
initiated (ifrequired) and processed as prescribed in the QA Plan. 

(7) The QA Inspector shall stamp log entries as appropriate, attesting to the proper 
completion of these operations as previously approved in this procedure document. 
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3. SUN DatacubeTest Station 

The LLNL SL%- Test Station layout looks like this: 

x 
(ceiling ionizer) 

A Short Guide m RunninP h s ~ c  ube , Cl-S 1-002, by Ray Aley, Hye-Sook Park, and Eric 
Parker explains the Sun3 Computer-Datacube workstation and the software imaging options 
for the Startracker (S l), UV-Visible (S2), and Lidar (S4) modes. 

5 .  Printed Wiring Assembly Specificity 

5.1 Inspection 
Inspect the carrier mounted Actel board for any conflict with the configuration table, assembly 
drawing or obvious fabrication flaws. Inspect the action item list of the certification log for any 
anomalies. KOTE!!  The camera board should remain attached to the carrier mount until 
ultimately bent and housed.!! 

SN# O U - C I O  Inspection completed By Qla- 
initials 
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5.2 Power Plane Resistance Measurements 

Measure power plane resistances at J1. NOTE: NO cable attached! 
pin# vs pir# expected !2 measured R 

DVM(commori) DVM(signa1) 
5 (AGND) - 39 (+15VDC) 22MQ >2\Y R 

- 4 (-15VDC) 22MQ >2rl R 
- 37 (+5VDC) =479Q 470 R 
- 38 (+5VDC) =479Q 470 Q 

- 3 (-5VDC) =I .54m l.S4l< R 
- 40 (+!WIN) =2.9kQ 4 .36 \<  R 

20 (DGND) - 5 
- 39 
- 37 
- 38 
- 3 
- 40 

I 39 (+15VDC) - 4 
- 37 
- 38 

- 40 
- 3 

4 (-15VDC) - 37 
- 38 
- 3 
- 40 

37 (+5VDC) - 38 

- 40 
3 

3 (-5VDC) - 40 

=.2Q 
>2MQ 
=468Q 
=468Q 
=1.5k!J 
=3 K!2 

21 1 KQ 
22MQ 
22MQ 
22MQ 
22MQ 

=.3Q 
=2m 
>3KQ 

=4.5 kQ 5 m K  R 
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5.3 Power Plane 1-oltage Measurements 

Using a flishr csrcified breakout connector, verify power voltages at camera connector before 
attaching it 10 the camera board. Complete the table below, then turn off the power. Use J1-pin 
20 for DV31 Found. 9.5. 43 
51 Pin B&ovt Czue 

51 Pin Conneclor 

MCE-51P6ES ME-Sl5M5 

J1 pin # ExpxtedV MeasuredV 

39 +15v -crs.3$ 
4 

37,38 

3 

-15v -fS.V 

-5v - s.go 
+5VDC 4-5. 1 %  . 

40 +WAIN 3- s-1s 

Cable voltages satisfied, now measure the power plane voltages. Connect camera side of the 
breakout connector to the camera board. Once the breakout is attached to the camera board, 
leave it in place throughout the testing procedure to save the board's connector. 

Power up the camera board and record the voltages between single point ground (SPG) or TP1 
and indicated volmge points: 

, 
PRIMARY SIDE S E C O N D A R Y  S I D E  
.F5.ov 
U12-pin 16 5 - o X  v +c10 5.02 v 

U25-pin 16 5 . 0 ~  v 
U2-pins 4,9, 

15.16 5---0=- v 

U26-pins 3, 14. 
16,25,35 5 r  Q'2. v 

U5-pin 22 f.02 v 

U6-pin 16 Got  v 

j .5 .0VA 
+c11 ? * G I  v 

U8-pins 7,15, 
18,21,23, 26 *.PO v 

U1-pin 7 * ' j d  v 

~24-pin 7 q. 40 

D4-pin 2 3 - F D  v 
I 

U32-pin14 v 

9 



PRIMARY SIDE 

- 5 . O V A  
-c12 - 5. 3) v 

U1 -pin 4 -5-*?/ v 

U24-pin 4 -5,331 v 

Q1 -pin 4 - A 3 1  v 

Q4-pins 4 -5.9 v 

+15.ov 

Q2-pin 3 

Ul7-pin 1 mJ v 

U14-pin 7 I G I g  v 

-15.0V 

U14-pin 4 -1g-2-7 v 

5.4 CCD Bias Voltage Measurements 

!3- =ov vss 
S2 & S4- =-3.OV VSS 
U1 9-pins 1, 10 

and 17 o v  

Si- =1.5V VUS 
S2 & S k  =2.5V V a s  

U19-pin 20 !. 7 v 

=13.0~ V d r  
U19-pin 18 r3.13 

=15.0~ V d d  
U19-pins 5, 

and15 

S E C O N D A R Y  SIDE 

Q9-pin 4 

(210-pin 4 

Q11 -pin 4 

. 
+c9 m? v 
U18-pin 1 KJZj v 

U3-pin 8 1577 v 

D3-pin 2 tfJ7 v 

U27-pin 8 /57V v 

-C52 'IF.?%, 
U3-pin 4 -fsa v 

U27-pin 4 -1.El.g v 

U3-pin 1 

U3-pin 7 

O V  

/3-12- v 
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PRIMARY SIDE 

5.5 Reference Voltage Measurements 

1O.OV ref 

0.1V DARK REF 

SECONDARY SIDE 

D3-pin 6 

+c93 

U27-pin 3 

10.7VA ciockina ref (0L1. OR. 0RFET) 

~17-pin 3 /@- $3 v 

U11- pin 6 /01m v 

U30-pin 6 /b*%? v 

10.7VB clockina ref. fP. 0P) 
U18-pin 3 

US-pin 6 

UIO-pin 6 

U22-pin 6 

U23-pin 6 

Analog to digital (ND) converter reference voltages: 
=2.5V Ai D ref 

U&pin 6 

U8-pin 22 

U8-pin 9 

U27-pin 5 
expected volts 

4 . 6 2 0 ~  

-1245v 

=I .875~ 

U8-pin 17 =2.50Ov 
5.6 Video Clamping VoItage Measurements 

4.5v 

U1 -pin 8 

U24-pin 8 

U1-pin 5 

U24-pin 5 

Turn off the tesr Fkture. 

-1 .ov 

=-0.5~ 

2 . 3 9 ' L v  &@?la7 
measured voRs 

measured volts 
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5.7 DC Stead! State Current Measurements: 
j 

These measurements require an oscilloscope and the AM503 Current Probe powered by a 
TM502A. 

Operation of the AM 503 requires that the oscilloscope be set at lOmV/div and that the 
probe be in the locked position. 

Isolate and lakl  the camera Wiring harness with respect to the individual power voltages. 
Note!! There are two +WDC wires#37&38 so isolate these wires together. 

Power up the camera board. Using the appropriate menu based on the camera board‘s 
configuration (Smacker) disabIe the Video bus. Consult A Short Guide to Running 
h?cube, C1-Sl-002 for the necessary SASI or SUN keyboard comnlands. 

With the Probe and Oscilloscope functional, attach the current probe around each input voltage 
wire and in the case of the +5VDC the Wire pair, each time acquiring and recording the 
oscilloscope display. Note the units/div used at the AM503 so that the current can be 
calculated. 

Consult A Short Guide to Running @cub e, C1-S1-002 for the necessary SASI command to 
enable the Video bus. Repeat the current measurements. Each time acquiring and recording 
the oscilloscope display and recording the units/div used at the AM503 so that the current can 
be calculated. 

Calculate the currents under each Video bus state and complete the table below. 

8 -9’93 

Byc@?- Date 8-7 -75  
initials passed 

REMEMBER to attach your recorded documentation to this test procedure! 
(A document protector is advised) 
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5 . 8  Offset Digital-to-Analog (D/A) Verification 

To verify data transfer and D/A output voltage, a Fluke 77 or voltmeter is needed. 

Within the appropriate menu select and send the indicated offset data via the SASI. Measure 
the output voltage of U32, AD558TE pins 19,20. Record the results in the table below. 

IMPORTANT: AIl readings must meet indicated tolerances! 

Expected Voltage Voltage Out Data Input 

00  Q.OV+lO m V 

I O 1  
80mVflOmV 

02 160mV+lOmV 

I O 4  
320mVklOmV - 37.D 
640mVklOmV os I 

I 1.28VklOmV 

I 2 0  1.61VflOmV 

I 2 6  2.09 V f  10 mV 

I 31 
2.49VklOmV 

r i  

BY 

13 



5 . 9  Gain Selection Verification 

To verify p r o p  data transfer of gain setting, use a Fluke 77 voltmeter. 

Within the appropriate menu select and send the indicated gain data via the SASI. Measure the 
voltage at Q11,QlO and Q9 gates. Record the results in the table below. 

SN# b$-- lo m 
initials 

BY 

14 
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6 . 0  

Gain 
Setting 

4 

2 

1 

Video Amplifier Gain Verifications. 

Expected Measured 
Expected Measured SdB 3dB 
Gain dB Gain dB bandwidth(MHz) bandwidth(MHz) 

35.5+0.5 35.3% 7.5H.5 7.615 & 
7- 538 3 kttt 29-55 0.5 q s 7.5k0.5 

22.2F0.5 22 0 1 %  7.520.5 7.07% 

The video gain measurements require use of the HP4194 Impedance GaWhase Analyzer. 

6 .1  Test Board Configuration 

Configure the board under test as follows: 

Replace R49 with a 1.0 Kohm 1% resistor. 

Remove R128 and connect R128's outermost pad with C123's outermost pad. This grounds Q1 and Q4 
gates. 

Disable the 20~MHz oscillator by connecting U5 pins 5 and 23 together., 

6.2 HP4194 Analyzer Configuration and Connection. 

Configure the HP4194 Analyzer as follows: 
GainPbse measurement, 
A Scale linear and AutoScale, 
Log sweep, 1 KHZ to 100 M H Z ,  
Oscillator Level equal to -45 a m .  

Insert a 1 Kohm resistor from U19 pin 18 to U19 pin 16. Attach the HP4194 
oscillator output to U19 pin 16 and its ground to the ground test point. 

6 . 3  Gain and 3dB Bandmith Acquisition. 

Measure and store the reference level. Then measure the gain at 5MHz and 3dl3 frequency at 
U8 pin 28 for all three gain settings. Record the measured values in the following table and 
attach the data plots in a document protector. 

15 



.. . 

7. Clocking Measurements with CCD installed 

Verify that U 19 pin 16 is not shorted to ground. 
Measured 3 -3 SL ( >lMQ) 

Insert the appropriate prototype 'IN7883 CCD into location U19. 

Carefully Check CCD Orientation!! 
7.1 Acquire and record the 0L2 and 0L1 clocks: 

Make these scope probe connection: 

Probe I Location 

Channel 1 

Channel 2 

u19 pin 2 

u19 pin 3 

Change the scope horizontal sweep frequency to 50ns per division. 

0L2,OLl with CCD 

10 

5 

!i 
p 10 

5 

0 

TIME (50 nddiv) 

16 



Probe 

Channel 2 

Channel 3 

* 0L2, OR, AND 0RFET 

Location 

U19 pin 19 

R128 Q1 gate side 

10 
5 cn 

5 0  
10 
5 
0 

TIME (50nddiv) 

I 

17 



7 . 3  Acquire and record the 0P1, and 0P3  clocks: 

Move the scopc probes to these locations: 

Probe 

Channel 1 

Channel 2 

Location 

U19 pin 14 

U19 pin 13 

Shift the horizontal sweep frequency to 200ns per division. 

0P1,0P3 with CCD 

10 

5 
-I P o  
0. > 10 

5 

0 

TIME (200ns/dv) 

18 



7.4 Acquire and record the 0P1, and 0P2 clocks: 

Move the scope probe to this location: 

Probe Location 

Channel 2 u19 pin 12 

0P1,0P2 with CCD a .  

10 

5 

5 

0 

TIME(200nddiv) 

? 

19 



. . . 

Probe 

Channel 2 

Location 

U19 pin 11 

0P1.0P4 with CCD 

10 

5 
v) 

0 > 
! i o  

10 

5 
0 

. gnd 0P1 

gnd 0P4 

TIME (200nddiv) 

! 

20 



7 . 6  Acquire and record the PlA, and P3 clocks: 

Move the scqx probes to these locations: 

Probe 

Channel 1 

Channel 1 

Location 

U19 pin 9 

U19 pin 8 

. 
PlA, P3 with CCB 

10 

5 
v)  

0 > 
5 0  

10. 

5 

0 

PIA 

P3 

TIME (200ns/div) 

, 

21 



7.7 Acquire and record the PlA, and P2 clocks: 

Move the scope probe to this location: 

Probe 

Channel 2 

Location 

u19 pin 7 

PlA, P2 with CCD 

10 

5 

5 

0 

TIM E (20 Ons/div) 

22 



7.8 Acquire and record the PIA, and P4 clocks: 

Probe 

Channel 2 

Move the scope probe to this location:. 

Location 

U19 pin 6 

PIA, P4 with CCD 
. 

10 

5 

5 0  
’ 10 
0 

5 

0 

TIME (200nddiv) 

23 



7.9 Acquire and record the PlA, and P1B clocks: 

Move the scopc probe to this location: 

Probe Location 

Channel 2 u19 pin 4 

PI A, P l  B with CCD 

TIME (2OOnsldiv) 

24 
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t 
S. Double Correlated Sampling Functionality Verification 

This measurement requires the use of a Tektronix 2465B-r like-oscilloscope. 

Verify the gain of the camera is 15Oe/bit via the SASI. 

Make these scope probe connection: 

Location I Probe 

Channel 2 

Channel 3 

Adjust the time base to 20ns per division. 

U24 pin 3 

R128 Q1 gateside , 

Acquire and record the Q1 or @ W T  vs Video signals: 

ORFET, U24-pin3 with CCD 
20 

15 

10 

Qli%3t: 

-5 
-1 0 

-1 5 

-20 

-0 

TIME (20nsldiv) 

Make the same measurement at 35Oebit and lOOOe/bit. 

0.8 

0.6 

0.4 

0.2 

L g n d  

-0.2 
U24-pin3 

-0.4 

-0.6 

-0.8 

SOW: During the Q1 or QIRFET pulse, the video signal should be =Ov or ground. -41 hish gains,-the 
sensor may require cool down by non-operation and/or an opaque covering 10 q u i r e  this 
measurement. 

25 



Probe 

Channel 1 

Channel 2 

U8-1. and U8-28 with CCD 

Location VerticaI Gain 

us pin 1 2 V/divis?on 

U8 pin 28 500 mV/division 

26 



1 0 .  Video Interface Timing Confirmation 

This test requires the use of the Phillips PM 3585 Logic Analyzer. 

Move the analyzer pod probes to the following locations at the Datacube inrd.z!ce card 
connectors designated as P9 and P10: 

10 .1  Logic Analyzer Setup 

10.2 

channel 1-Ch4DCLK 
.channel 2Ch4DDATA 
channel 3-CMDSTAT 
channel 4-VSYNC 
channel 5- PKVAL 
channel 6-PKCLK 
channel 7-HSYNC 
channel 9-16-DATA BUS 

Attach the pod ground to any of the GND pins indicated. 

Timing acquisitions: 
Pixclk vs Data 
Vsync vs Pixvalid 

SASI Command (this is ChDDATA while a SASI is sent from the SUN key bard^ 
Rising and falling edges at Vsync vs P k c k  
Rising and falling edges at Pixval vs k c l k  

(condensed and expanded at the beginnins of line d h c l  
(condensed and expanded at the end of h e  & frame) 

REMEMBER to attach your recorded documentation to this test procedurc! 
(A document protector is advised) 

27 
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2.40 

2-20 

2-00 

l.80 
t 

I.60 

c c- - ---* -./. i> 
=7=q-&lzQ2* I < /  \- = _- 

ST Camera: STl#O4-10: int-time= 50ms, offset= 0, gain=2 ( 150 dbit) Mon May 10 l3:16:35 1993 

Pixel Values Min 91 Max 99 Mean 93.2 Sigma 0.65 x lo3 

1.20 - 

0.00 50.00 100.00 150.00 200.00 250.00 



ST Camera: ST1 #04-10: int-time= 50ms, offset= 0, gain=l ( 350 ehit) Mon hiac 10 l3:16:03 1993 
Pixel Values Min 44 Max 48 Mean 45.1 Sigma 0.43 x lo3 

. 

c - 9  - 
c:a - 
f 'f) - 

czg - 
c.m - 

L -Y 

I I I I I 

50.00 100.00 150.00 200.00 250.00 0.00 



r . 0  
.O.% 

. 

- ' 
- 

I I I I - 





11.  Dark Noise Measurements. 

Gain (e/Sit) EXp&ted MEiSured Expected Measured 
Average Average Histogram Hirrogam 

Black Level Black Level Sigma Si-ma 

3(75e/bit ) 160 1.2 

2( 150e/bit) 75p 0.7 

O S  1(350e/bit) 32 * Y3 
P - -  1 =pc 4T I 

This measurement requires only the SUN Datacube Test Station and its image processing 
capabilities and an opaque covering. 

Remove all test probes and place an opaque cover over the test CCD. turn the cvnera on and 
collect the dark frames as quickly as possible and record histograms. 

Verify the gain of the camera is 4(75e/bit ) and the integration time is 50msec md offset is 0 via 
the SASI. 
Make the same measurement at gain level 2(15Oe/bit) and 1(35Oe/bit). 

* h  

Fill in the Mu/Sigma values in the table below: s 

Turn off the test fixture. 

REMEMBER to attach your recorded documentation to this test procedure! 
(A document protector is advised) 

2s 



ST1 #O4-1 O\CDT\75e 

I I  MI' ( t l r q i t r t i i n  C )  I;Otttn/tlill l iOtti~l/nl(ittI I i  I nOttin/tti l l  I 0 0 t t i n / n l ( ~ i t i n  ; ' 0 0 t l t n / t t l l t  : ) O O t t i n / n l ~ l i i ~ n  NO1 IT: 

I 
2 - 2 0  I50.00 0. / 2  I GO. IO 0.72 I G O . 4 0  0.72 6 /  10193 
3 - 1  0 148.20 0.78 148.70 0.71 149 .90  0.70 Flight F.O. CCD#I 
4 0 147.70 0.84 149.1 0 0.66 152.1 0 0.94 
5 10 149.80 0.70 154.00 1.17 163.1 0 1.16 75e/bit 
6 2 0  159.00 0.99 169.60 1.33 190.70  2.26 R49=1 OOR 
7 3 0  185.10 1.26 21 1.60 2.44 

Wed, May 12, 1993 8:40 AM 

h 

I 



>T Camera: ST1##03-10 -20'2 int-time= 50m, offset= 0, gain=4 ( 75 efbit) Mon hiay 10 15:4S:16 1993 
Pixel Values Min 147 Max 152 Mean 150.0 Sigma 0.72 x lo3 

2-20 - 
7 '0  - 
2.00 - 
1-9@ - 
1.80 - 
1.7@ - 
1-60 - 
1-50 - 
1 - 3  - 
1-30 - 
1 3  - 
1.10 - 
1-w - 
0.96 - 
0.SC - 

0.7Q - 

0.69 - 
0 3  - 
0 . x  - 
0.x - 
0-3c - 
0.1c - 

-. * 

r 

0.02 - 
I I I -0.10 - I I 

100.00 150.00 200.00 250.00 0.00 50.00 



-Cy Camera: ST1#04-10 -2OC: int-time=lOOms, offset= 0, gain=4 ( 75 e/bit) Mon 3iay 10 13:4S:46 1993 
Pixel Values Min 147 Max 153 Mean 150.1 Sigma 0.72 x lo3 

2-10 - 
2-03 - 

1-90 - 
1-80 - 
1.70 - 
1-6Q - 

1-50 - 
1-a - 

1-24 - 

1-3 - 

0-03 - 



3 7  Camera: ST1#04-10 -2OC: int - time=200ms, offset= 0, gain=4 ( 75 ehit) Mon Ma. 10 E:19:18 1993 
Pixel Values Min 148 Max 153 Mean 150.4 Sigma 0.72 x lo3 

1-99 - I I I I I 

1-30 - 
1.T - 
i-69 - 
1-50 - 

1-4 - 
1.30 - 

0.u:i - 
I I I I I I I 

0.00 50.00 100.00 150.00 2oo.m 250.00 



ST Camera: STlM4-10 -lOC: int-time= 50ms, offset= 0, gain=4 ( 75 &it) Mon May 10 16:12:13 1993 
Pixel Values Min 146 Max 150 Mean 148.2 Sigma 0.78 x lo3 



ST Camera: ST1#04-10 -lOC: int-time=lOOms, offset= 0, gain=4 ( 75 ehit) hlon Ma? 10 16:13:23 1993 

Pixel Values Min 146 Max 151 Mean 148.7 Sigma 0.71 x lo3 

. 

0.00 50.00 100.00 150.00 2oo.m 250.00 



- - -  

. -  . -- - -  - 



ST Camera: STlM4-10 OC: int-time= 50ms, offset= 0, g a k 4  ( 75 elbit) hlon >fay 10 169,329 1993 

Pixel Values Min 144 Max 150 Mean 147.7 Sigma 0.84 x lo3 

I I I I I I 

. - -  I;) - 

0.00 50.00 100.00 150.00 2oo.m 250.00 



- .. . . . . 

ST Camera: ST1#04-10 OC: int - time=lOOms, offset= 0, gain=4 ( 75 elbit) Mon Ma! 10 16:U:011993 
Pixel Values Min 146 Max 152 Mean 149.1 Sigma 0.66 x lo3 

2-60 I I 



ST Camera: ST1#04-10 OC: int_time=200ms, offset= 0, gain=4 ( 75 dbit) M o n  Ma? 10 16:U:33 1993 
Pixel Values Min 149 Max 159 Mean 152.1 Sigma 0.94 x lo3 

c.70 - 



I I 1 I 
i 

- 

e.o1 - J 



ST Camera: ST1##03-10 IOC: int-time=lOOms, offset= 0, gain=4 ( 75 &it) Mon M a y  10 17:05:39 1993 
Pixel Values Min 151 Max 161 Mean 154.0 Sigma 1.17 x lo3 

1-70 I 

0.93 - 

0.53 - 

0.70 - 

0.01 - 2 
I I I I 1 I 

0.00 50.00 100.00 150.00 200.03 250.00 



ST Camera: STlM4-10 IOC: int_time=200ms, offset= 0, g a k 4  ( 75 &it) Mon May 10 17:11:04 1993 
Pixel Values Min 159 Max 179 Mean 163.1 Sigma 1.16 x lo3 

I 1 I I I I I :-TO (- 

0.00 50.00 100.00 150.00 200.00 250.00 



ST Camera: ST1#04-10 20C: int-time= 50m, offset= 0, gain=4 ( 75 dbit) blon Map 10 17:25:211993 
Pixel Values Min 156 Max 167 Mean 159.0 Sigma 0.99 x lo3 

- I I i I 

. 

I 

I I 

0.00 50.00 100.00 150.00 200.09 250.00 



ST Camera: STl#OC10 20C: int-time=lOOrns, offset= 0, gain=4 ( 75 ehit) Mon Ma? 10 172553 1993 
Pixel Values Min 165 Max 187 Mean 169.6 Sigma 1.33 x lo3 

0.00 50.00 100.00 150.00 2oo.m 250.00 



ST Camera: STl#04-10 20C: int-time=200ms, offset= 0, gain=4 ( 75 ehit) hlon Ma- 10 17:26:311993 
Pix! \-dues Min 184 Max 224 Mean 190.7 Sigma 2.26 

I I I I I 

- J L 
I I 

0.00 50.00 100.00 150.00 200.m 250.00 



ST Camera: ST1#04-10 30C: int-time= 50ms, offset= 0 ,  gain=4 ( 75 dbit) Mon Mar 10 17:58:33 1993 

Pixel Values Min 181 Max 200 Mean 185.1 Sigma 1.26 x lo3 

i.70 ' I I 

:-a i i 

- -  i.0 - 

1-20 - 

c-w - 
os0 - 

0.70 - 

0.60 - 

0.50 - 

0.33 - 

0.30 - 

0-20 - 

0.10 - 

0.m - 
I I I I I 

0.00 50.00 100.00 150.00 2oo.M 250.00 



ST Camera: STl##OClO 30C: int_time=lOOms, offset= 0, g a k 4  ( 75 ehit) hlon Mar 10 17:19:20 1993 
Pi.?: Values Min 204 Max 244 Mean 21 1.6 Sigma 2.44 

. 

I I I I I 
0.00 50.00 100.00 150.00 2oo.m 250.00 



ST Camera: ST1#04-10 30C: int_time=20Oms, offset= 0, gain=4 ( 75 e/bit) hlon M a y  10 1S:00:09 1993 

Pixel Values Min 250 Max 255 Mean 255.0 Sigma 0.15 x lo3 
" O r  I I I I 

f 4-00 

3-50 

3-60 
3-40 

. 

I 



220 

200 

C 180 

160 

ST1 #04-10 75e/bit Mu "C Graph 

50ms/mu - 100ms/mu 
__P_ 200ms/mu 

140 
-30 -20 -10  0 1 0  20 30 

TEMP (degrees C)  

ST1#04-10 75e/bit Sigma "C Graph 

4 0  

- 
Y 50ms/sigma - 1 OOmslsigma - 200ms/sigma 

, -30 -20 -1  0 0 1 0  20 30 4 0  

TEMP (degrees C )  



I 



I 
:’ .2 f) 
3 - 1  0 
4 0 
5 1 0  
6 20  
7 3 0  

ST1 H04-1 O\CDT\150O 

0 0 .  !I 0 O.! J  uo.50 0.62 00.70 0.5 1 5 I  10103  
79.70 0.59 79.90 0.51 80.40 0.52 Flight F.O. CCD#1 
79.40 0.66 80.00 0.45 81.50 0.55 
80.50 0.52 82.40 0.55 86.90 0.70 150elbit 
84.90 0.55 89.90 0.78 100.80 1.13 R49=1 OOR 
97.90 0.85 111.50 1.23 138.40 2.1 4 

Tue, May 11, 1993 4:49 PM 



- . . . . . __ 

. 



,ST Camera: STl#O?-10 -2OC: int-time=lOOms, offset= 0, gain=2 ( 150 ehit) Mon May 10 11:47:07 1993 
Pixel Values Min 79 Max 82 Mean 80.5 Sigma 0.52 x lo3 

2.10 - 
2-03 - 
1.90 - 
1.80 - 
1-70 - 
h5cl - 
1.50 - 
1-a - 
1-:4 - 
120 - 

1-10 - 
1.0 - 
0.93 - 
0.80 - 
0.70 - 
0.69 - 
030 - 
0 . a  - 

0 . 3  - 
0 3  - 
0.10 - 
0-03 - 

0.00 50.00 100.00 150.00 200.00 250.00 



ST Camera: ST1#04-10 -2OC: int_time=20Oms, offset= 0, gain2 ( 150 emit) Mon >fa? 10 E A 7 9 4  1993 
Pixel Values Min 79 Max 82 Mean 80.7 Sigma 0.51 x lo3 

130 - 

1-60 - 

1-32 - 

1-20 - 

1-00 - 

0.80 - 

0-69 - 

0.32 - 

020 - 

0.03 - 

. 

0.00 50.00 100.00 150.00 200.00 250.00 



1 
2-60 - 

I 

2-40 - 

2 3  - 

1.50 - 
1-69 - 

1 . g  - 

1 2 0  - 

1-03 - 

0-80 - 

0-63 - 

0 . q  - 

0.03 - 
I I I I I I I 

0.00 50.00 100.00 150.00 200.00 250.00 



I I I I I 

0.00 50.00 100.00 150.00 200.00 250.00 



I I 

? 'Q - 

I I 

2.M - 

1.80 - 

I.60 - 

i2i# - 

1-09 - 

0.6@ - 

0.65 - 

0.02 - 



ST Camera: ST1#04-10 OC: int-time= 50ms, offset= 0, gain=2 ( 150 emit) hlon hiay 10 16:11:23 1993 
Pixel Values Min 78 Max 81  Mean 79.4 Sigrna 0.66 x lo3 

i31- I - -_  L 1 

I I 1 I 
50.00 100.00 150.00 200.00 250.00 0.00 



I t  I I I I I I I I I-- 
0 

8 
VI. rn 

8 
PI 

8 
ti? 
0 

0 

8 
E: 

0 

In 
8 

0 

8 



-0.10 I I I I I I 
0.00 50.00 100.00 150.00 200.00 250.00 



ST Camera: ST1#04-10 1OC: int-time= 50ms, offset= 0, gain=2 ( 150 ehit) hlon May 10 17:01:13 1993 
Pixel Values Min 79 Max 82 Mean 80.5 Sigma 0.52 x lo3 

2.30 - I I I I I 
2 3  L 

2-10 - 
2.00 - 
1.90 - 
1-80 - 
1.70 - 
1.60 - 
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1 3  - 
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0.80 - 
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0.44 - 
c.3c - 
0.30. - 
0.10 - 
0.03 - 

. 

, 
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!X Camera: STlM4-10 20C: int-time= 50ms, offset= 0, gain=2 ( 150 ehit) Mon Ma? 10 17:23:53 1993 
Pixel Values Min 83 Max 89 Mean 84.9 Sigma 0.55 x lo3 

I I I 1 

0.00 50.00 100.00 150.00 200.00 250.00 



ST Camera: ST1#03-10 20C: int_time=lOOms, offset= 0, gain=2 ( 150 &it) hlon May 10 17:24:211993 
Pixel Values Min 88 Max 98 Mean 89.9 Sigma 0.78 x lo3 

1.90 - I I I I I - 

1.80 - 
1.70 - 

1-69 - 
1-50 - 
1-44 - 
1-30 - 
1-20 - 
1.10 - 

1-03 - 
0.93 - 
0.80 - 
0.70 - 
0.m - 
0.50 - 
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5.1C - 

0.03 - 



,ST Camera: ST1#04-10 20C: int - time=200ms, offset= 0, g a b 2  ( 150 &it) Mon May 10 17:21:52 1993 

Pixel Values Min 97 Max 120 Mean 100.8 Sigma 1.13 x lo3 
I I I 1 I I 

1 - 3  - 

1-22 - 

120 - 

1-10 - 

-. 

1-02 - 

0.00 50.00 100.00 150.00 200.00 2.5 0.00 



1-69 - 
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0.69 - 

0.50 - 
&&f: - 

0.30 - 

()?fi - 

G.lf - 

0.N - 
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ST Camera: ST1#04-10 30C: int-tirne=lOOms, offset= 0, gain=2 ( 150 ehit) hlon >Tap 10 1757:16 1993 
Pixel Values Min 108 Max 128 Mean 11 1.5 Sigma 1.23 x lo3 
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ST Camera: ST1#04-10 30C int-time=200msY offset= 0, gain=2 ( 150 elbit) Mon May 10 17:15:02 1993 
Pixel \-dues Min 131 Max 172 Mean 138.4 Sigma 2.14 

I I I 1 1 I 
800.03 - 
750.03 - 
700.03 - 

650.09 - 

600.03 - 
550.03 - 

500.03 - 

450.03 - 

400.03 - 
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? 

309.03 - 

350.03 - 

2orJ.03 - 

150.03 - 

. 

I I I I I 
0.00 50.00 100.00 150.00 200.00 250.00 



STi #04-10 150e/bit Mu "C Graph 
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12. Thermal Test 

This tesi requires the SUN Datacube and its image processing capabilities, an environmental 
chamber xith limit, rate controls, and a timer. 

Carefully Insert The Flight CCD 
Into The Test Board. 
Check Its Orientation 

Secure the carrier mounted Actel board in a PC board holder and place the holder in the 
environmental chamber. Care should be taken so that the board does not short to chamber 
walls. 

? 12.1. Thermal Test Setup 

Attach the camera cable harness to the Actel board via a feed-through hole. Wrap a piece of 
foam around the cable harness. Squeeze the wrapped harness into the feed-through so that the 
hole is sealed and there is no strain on the inside/outside cabling. 

Place an opaque cover over the CCD. 

Power-up and con5-m a functioning camera/acquisition system by capturing a frame. At room 
temperature this should resemble the dark measurement histogram acquired in SECTION 11. 

Turn-off rhe camera board under test 

Seal the snvironmenml chamber. 

Set chamtvr temperature ramp rate at 2" Umin. 

Set chamber temperature deviation limit to 2" C. 

Set chamkr soak time to 20 minutes. 

Start the hmnal sequence at -20°C or at a "C determined by your requester. 



... 



12.2 Thermal Measurement Acquisition 

5Oms (50ms lOOms I lOOms 12OOms 200ms 
; Tarrp Mu I Sigma Mu ISigma I Mu Sigma 

The Guide ro ntnning hspcube, C1-S1-002 explains a Fast 9 image capture. This program 
module 2uron2ticaUy grabs a 50ms, 1 O O m s  and 200ms integration time images at all three 
gains. It hen does a histogram of those images using a region of interest specified by the E=-- 

L 

lo= c 
20; C 

J 

30" C i 

Repeat FS 9 completing your needed temperature range. 

Fill in 1 

-20" c 
-10" c 

o=C 



12.3 Thermal Data and Graphs 

Graphing techniques will vary with software. However, if you use Cricketgraph, use the 
"line" Wzph format 

Plot Mu vs Temperature as below: 

Sample Mu vs Temp 

Sample Sigma vs Temp. 

10 

6 

4 -c 
--c 

2 

0 
0 10 2 0  30 4 0  50  

TEMP (dagrus c) 

TEMP (dogroos C) 

Plot Signa vs Temperature like this: 

S N #  c G - ( o  By im Date 5 /i1/93 

Remember tc attach graphs and associated data to test procedure! 

mi tials passed 

(a document protector is advised) 
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13. Flat Field Linearity Test 

This tesr xquires the use of the SUN Datacube and its image processing capabilities, a TV 
Optoline? Model K-4ooo with neutral density(ND) filters ranging from 0.8 to 2.8, and a 
resolutioz chart for focusing. 

13.1. Linearity Test Setup 

Using d o h o l  and @tips clean the installed CCD. 

Verify a properly ~ o ~ e c t e d  camera acquisition system by acquiring an image. Always use a 
connectcr saver. 

Turn on rhz test fixture. 

Put the SUN Datacube in the Acquire mode, see Guide to Running hspcube-C1-S 1-002. 

Install a total 0.8ND filter and test pattern in the T.V. Optoliner. 

Adjust the camera board so that the test pattern image is centered and focused on the CCD. 

NOTE: Once focused, neither the camera nor the optoiiner can be moved. 
Allow the T.V. Optoliner and camera to warm up under continuous operation 
for =l hour before proceeding. Keeping the camera's environmental 
temperature constant and allowing a long warm up requires only one 
background histogram for linearity computation. 

Remove h e  test pattern and replace with a flat field image. 

With 0.8 ND filtering installed in the optoliner, adjust the T.V. Optoliner lamp voltage so thar 
you get a Mu count between 235 and 250. 

13.2 Linearit! hieasurement Acquisition 

Use the SUN Datacube "Acquire and build histogram Sequence 'I to capture a f i m e  and 
process a defined region of interest. Then obtain its histogram. 





ST1 #04-1 O\CDT\350e 

TEMP (degrees C) 50mslmu 50mslsigma 1 OOmslmu 1 OOmslsigma 200mslmu 200mslsigma 

- 2 0  
- 1  0 
0 

1 0  
20 
30 

40.70 
40.00 
39.40 
40.00 
41.70 
47.40 

0.44 
0.36 
0.50 
0.36 
0.46 
0.55 

40.80 
40.00 
39.80 
40.90 
43.00 
52.90 

0.42 
0.35 
0.42 
0.27 
0.43 
0.64 

40.80 
40.30 
40.60 
42.70 
4U.50  
64.10 

0.41 
0.47 
0.50 
0.48 
0. G II 
1.09 

Wed, May 12, 1993 8:57 AM 

NOTES: 

511 0193 
Flight F.O. CCD#1 
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ST Camera: hTla4-10 -1OC: int-time= 50ms, offset= 0, gain=l ( 350 ehit) MOD May 10 16:09:13 1993 
Pixel Values Min 39 Max 41 Mean 40.0 Sigma 0.36 x 103 
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ST Camera: STlr%-I0 -lOC: int-time=200ms, offset= 0, gain=l(350 ehit) hlon May 10 16:10:41 1993 

Pixel i 'dues Mi1139 Max 41 Mean 40.3 Sigma 0.47 x lo3 
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ST Camera: bTl,"O-(-lO 1OC: int-time=lOOms, offset= 0, gain=l ( 350 ehit) Mon May 10 17:03:28 1993 
Pixel \-dues Min 40 Max 42 Mean 40.9 Sigma 0.27 x lo3 

3.60 

3.40 

3.20 

3.00 

2.80 

2.60 
2.40 

2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1-00 

0.80 

0.60 

0.40 

0.20 
0.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

, - 
I 

I I I I I I 
0.00 50.00 100.00 150.00 200.00 250.03 



2.80 

2.60 

2.40 

2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1 .oo 

0.80 

0.60 

0.40 

0.20 

0.00 

ST Camera: STlp%-10 1OC: int_time=200ms, offset= 0, gain=l(350 ehit) Mon May 10 17:01:15 1993 
Pixel \-dues ;Min 41 Max 46 Mean 42.7 Sigma 0.48 x lo3 
I I I I I - 

. 

- 
I 
! 

- 
! 

I - 



3.00 

2.80 

2.60 

2.40 

2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1 .oo 
0.80 

0.60 

0.40 

0.20 

0.00 

ST Camera: ST1%4-10 2OC: int-time= 50ms, offset= 0, gain=l(350 emit) Mon May 10 17:22:15 1993 
Pixel \-dues lMin 41 Max 43 Mean 41.7 Sigma 0.46 x lo3 

- 
! 

i 
7 

i 

i - 
I I I I 

I 

0.00 50.00 100.00 150.00 200.00 250.M 



ST Camera: bTl$O4-10 1OC: int_time=lOOms, offset= 0, gain=l(350 ehit) Mon May 10 17.--: -79 46 1993 
Pixel 1-Aue.s Min 43 Max 48 Mean 43.8 Sigma 0.43 x lo3 
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1000 

100 

STl/SN#04-10 75e/bit Linearity Graph 
y = 1586.4 1OA(-O.98305~) RA2 = 0.999 

8 MU-BACK 
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N3 

1 
2 0.85 
3 1 .oo 
4 1.20 
5 1.40 
6 1.60 
7 1.85 
8 2.00 
9 2.20 

10 2.40 
1 1  2.60 
1 2  2.85 

243.32 
199.1 2 
131.29 
98.63 
69.54 
50.1 7 
45.03 
37.94 
34.96 
31 -86 
29.93 

ST1/SN#04-10/75e/LNDT 

BACK MU-BACK COlU 

27.02 
27.02 
27.02 
27.02 
27.02 
27.49 
27.49 
27.49 
27.49 
27.49 
27.49 

21 6.30 
172.10 
104.27 
71.61 
42.52 
22.68 
17.54 
10.45 
7.47 
4.37 
2.44 

Wed. May 12, 1993 9:24 AM 

NOTES: 

511 0193 
ST1 SN#04-10 

11.3v 

SUN DATACUBE 
offseb24 
75elbit  

P.S.#5008 
HEAD#4163 
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13.3 Linearity Data Collection. 

Mu 

249 

21 1 

159 

136 

113 

99 

Select the first gain setting. 

Backgnd Mu-Back 

82 167 

82 129 

82 77 

82 54 

82 31 

82 17 

Begin by taking a background level. Use an ND of 8.0 for background. Adjust the Offset so 
that the black level is equal to 20 counts and readjust the lamp voltage so that the average is 
equal to 240 - 250 counts with an ND of 0.85. 

Mu 

Z f B 9 2 -  

Starting with 0.8 ND, increment the ND filter value with 0.2 steps until h4U almost equals the 
background. Acquire, build histogram, and record mdsigma information for each ND value. 
Repeat this sequence for all 3 Gain settings. 

Backgnd Mu-Back 

27.02 

Turn off power. 

Sample data table: 

95 

XD 

0.85 

1 .o 
1 2  

1.4 

1.6 

1.85 

2.0 

2.2 

2.4 

2.6 

2.G 

82 13 

90 

87 

85 

84 

82 8 

82 5 

82 3 

82 2 

. 
Actual data table for gain of 4 7s; 

N D  

0.85 

1.0 

1.2 

1.4 

1.6 

1.85 

2.0 

2.2 

2.4 

2.6 

2.85 
24.43 
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ST1 SN#04-10 350e/bit Linearity Graph 
y = 1440.5 10*(-1.0057~) RA2 = 0.999 

1000 
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3 1 .oo 
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1 2  2.85 

Mu 
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87.86 
62.51 
46.55 
42.09 
36.24 
33.81 
31 -02 
29.37 

ST1 /SN#04-10/350e/LNDT Wed. May 12, 1993 11:40 Ah 

BACK MU-BACK NOTES: 

27.54 
27.54 
27.54 
27.54 
27.56 
27.56 
27.56 
27.56 
27.56 
27.56 
27.56 

190.18 
145.52 
87.48 
60.32 
34.95 
18.99 
14.53- 
8.68 
6.25 
3.46 
1.81 

511 0193 

14.0V 
STl SN#04-10 

SUNDATAWBE 

350efbit 
P.S.#5008 

HEADa4163 

offset=3 

, 
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ST1 SN#04-10 150e/bit Linearity Graph 
y = 1314.1 1OA(-O.98780X) RA2 = 0.999 
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163.21 
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57.39 . 

41.67 
37.58 
32.00 
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27.00 
25.43 

ST1/SN#04-10/150eILNDT 

BACK MU-BACK COIU 

23.44 
23.44 
23.44 
23.44 
23.44 
23.44 
23.44 
23.47 
23.47 
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84.44 
58.45 
33.95 
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3.53 
1.96 

Wed. May 12, 1993 11:24 Ah 

NOTES: 
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offsekl 1 
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P.S.#5008 
HEAD#4163 



Actual data table for gain of 2 (% 

Mu 

Actual data table for gain of 1 350e 

Backgnd 'Mu-Back SD 

@.E5 

1 .o 
1 2  

1.4 

1.6 

2.0 

7 ,  - .- 
2.6 

2-55 

ND 

0.85 

1 .o 
1.2 

1.4 

1.6 

1.85 

2.0 

2.2 

2.4 

2.6 

2.85 

$7.86 
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13 - 4  Linearity Data Processing 

Graphing techniques will vary with software. If you use Cricketgraph, select the "scatter" 
graph format Note: Y axis = Mu-Back; X axis = ND, 

Choose a logarithmic Y axis and an exponential curve fit. 

Here is a flat field linearity graph using Cricketgraph: 

CLEMENTINE LINEARITY GRAPH 

2.8 2.4 2.0 I .6 1 .z 0.0 

NI 

Confirm your linear results: 

SN# 09-70 BY.A!!+ ini 'als Date 
passed 

REMEME!ER to include your recorded documentation in the test procedure! 
(2 dsument protector is advised) 
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1 4 .  Offset Linearity Test 

This test requires the use of the SUN Datacube and its image processing capabilities, a TV 
Optoliner Model K-4000 with neutral density(ND) filters ranging up to 1.8, and a resolution 
chart for focusing. 

14.1. Offset Linearity Test Setup 

Using alcohol and Q-tips, clean the installed CCD. 

Verify a properly connected camera acquisition system. 

Power up the test fixture. . 
Put the frame grabber in the grab mode. 

Install a total 0.8 Neutral Density @ID) filter and test pattern in the T.V. Optoliner. 

Adjust the camera board so that the test pattern image is focused on the CCD. 

NOTE: With the focal plane now established, neither the camera nor the 
optoliner can be moved. 

Remove test pattern for a flat field hage.Set the board gain to gain s e h g  of 2. 

Remove all ND (ND = 0.0) and input a HEX offset of 00. 

Adjust the T.V. Optoliner lamp voltage so that you get a MU of =250 counrs. 
Allow the T.V. Optoliner and camera to warm up under continuous operation 
for -1 hour before proceeding. Keeping the  camera's environmental 
temperature constant and allowing a long warm up requires only one 
background histogram for linearity computation. 
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0 
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Mu 
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121 5 3  
92.65 
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17.35 
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CCD#8846 
SUNDATACUBE 

350elbit 
P.S.#5008 

HEAD#4163 
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1 4  - 2  Offset Linearity Measurement Acquisition 

Use the SUN Datacube Acquire and build histogram Sequence to capture a frame and 
process a defined region of interest and to analyze for mu/sigma histograms. 

11.3 Offset Linearity Data and Graph 

Begin by taking a background level. Use an ND of 8.0 for background. 

Input the offset values listed in the table below recording a histogram of the defined 
region of interest each time. 

Power down the test fixture. 

37 



Graphing techniques will vary with software. If you use Cricketgraph, select the 'kcatter" 
graph format. Plot MU-BACKGROUND vs OFFSET 

Choose a linear Y axis and hear curve fit. 

Here is an offset linearity graph using Cricketgraph: 

CLEMENTINE Offset Linearity Graph 

SN# e 4 1 0  

1F 18 16 14 12 10 08 06 04 02 01 
Offset 

By /w/m Date. 5 [ l O / q s  
initia passe 

REMEMBER to include your recorded documentation in the test procedure! 
(a document protector is advised) 
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15. Laser Test 

This test requires the use of the SUN Datacube and its image processing capabilides, a HeNe 
Laser, 1mW at 632.8nm appropriate ND filters ranging from 2.0 to 6.0 or combinations 
equaling such. 

Verify a working camera system. 

Turn off camera power. 

Position a HeNe Laser on the approximate center of the CCD. 

Place an optical ND filter holder in the path of the laser beam. 

Power the camera; 

Place the SUN Datacube in the Acquire mode. 

Do a Print Pixel-see Guide tu Running hspcube, CI-S 1-002-to check pixel values of 
illuminated area, 

Install sufficient optical ND to reduce the intensity of the laser light to the saturation level of the 
CCD or 255 counts. 

Do a Get Row Lineout plot-see Guide to Running hspcube,Cl-S 1-002-through the 
illuminate =ea. 

Note: There should be no oscillations or tailing around the saturated spot. 

Use the video copier to record the non-oscillating saturated laser spot image. 

SN# OCf-16  By 9rt .43 
initials 

Date 
passed 

REMEMBER to include your recorded documentation in the test procedure! 
(a document protector is advised) 
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( 1 6 .  Tests Required after Conformal Coating 

Archive/record a post conformal coat: 

1) Dark Noise Measurement (Section 11). 

2) A focused test pattern image using the TV Optoliner. 

Date 
initials passed 

SN# BY 

REMEMBER to include your recorded documentation in the test procedure! 
(a document protector is advised) 
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Appendix H.3 
Mechanical Assembly Log 





Appendix H.3.1 . 
Operations Sheet 





Clementine Operations Sheet, Certification 1 1  Certification Log # 

Descript ion 
Star Tracker Camera, V3.1 
Account Number: 
7069-20 Jim Dlckie 18828 

Release To (Shop): 

QA: W.R. Bryson Date: 

End Use 
Flight 
ProductIonzY..--dk c ..-.d 
Date: :s--p)+k/ .  #LJ 
Approved By: ' 
Date  

// 
, ,  

Part Number 
C1 -AAA92-106282 TAB02 

I 

Assembly Log, 

Serial No. 
ST31 4 

I 

Document Tree, C1 -AAA92-106282 Tab 02-00 I I 

Parts List or Dwg Chg 
Dwg Number Letter 

Assembly Procedure, C1 -S1-012 

Eco Description or Remarks OPr 
Number 

Assembly Drawing, AAA92-106277-00 

Test Procedure, 

Q A  





Appendix H.3.2 
Work Sheets 





Work Sheet 
I Part Number: ISerial # : ITitle: I Sheet: I C1 -AAA92-106282 Tab 02 

_ _  .-. I ST31 4 I Star Tracker Camera, V3.1 
I 

# loperation Date: + Oper. Insp. 



Part Number: 
C1 -AAA92-106282 Tab 02 

E 
Sheet: Serial # : Title: 

ST314 Star Tracker Camera, V3,I (2 ?. 

E 
E 

I I 1 

Operation Date: Oper. Ilnsp. 
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Work Sheet 
Sheet: Part Number: Serial # : Title: 

C1 -AAA92-106282 Tab 02 ST31 4 Star Tracker Camera, V3.1 o"i/ 
# Operation I Date: I Oper. I Imp. ' I  
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Bill of Materials 





.- 

Level 
Date 

E! 

00 

- - 
~ .--. 

Clementine 
Configuration Management 

si  . 
Star Tracker Camera - 

Document Tree #: 
Title: 
Next Higher Tree: None 

Serial Number: 
File Name: 
Software/Op. System: Excel 4.0/Macintosh 

>omments: 
Star Tracker Camera C1 -AAA92-106282 Tab02 
uses a ST2A Camera Board 

Date: 3/17/93 
Date: 'w 
Date: 4- \ 5- 93 

Date: 

- SI1 1 of 



STAR TRAChd CAMERA hi ~6193 

Document Title Document Number 
Foreign UNL 

AAA92-108282 

c1 -s1-012 

STAR TRACKER CAMERA ASSY, V3.1 

CAMERA ASSEMBLY PROCEDURE 

- ISOLATOR SHIM AAA93-102551 
THERMAL SHIM AAA93-102241 

INTERFACE CONTROL AAA92-'100839 

m,THoMsoN TH7883F02-01 BIT 

m,MOWISOP( TH7883F02-01 7883FOP393 

E ~ L O P E  COMROL AAA92-100838 

X S1 CLAMP, LENS HEATER AAA93-102221 

X S1 BAFFLE ASSY 880-0004-001 -OB AAA92-108748 

X S1 BASE, BAFFLE 880-1 080-001 -OB AAA92-108749 
1 2 3 4 5 6  

Status  Rev SIN 

00 

00 

00 

00 

OB. 

I 

-- 

FLIGHT 

PROTO 

00 

DOCUMENT TREE NUMBER: C1 -AAA92-106282 TAB02 
2 



STAR TRACI~ZR CAMERA 

Document Title Document Number 
Foreign LLNL Rev 

LEVEL 
1 2 3 4 5 6 Prefix 

X S1 COVER AAA93-102598 00 

x -- S1 VANENO.1 880-1 021 -001 AAA92-108747 00 

00 

00 X 

X S1 VANEN0.4 880-1 024-001 AAA92-100744 00 

X S1 CAMERA ASSY AAA92-106277 00 

X S1 CAMERA HOUSING AAA92-106258 oc 
X S1 BUSHING, JACKPOST, MDM CONN. AAA93-101167 TAB08 00 

X S1 CIRCUIT BOARD PAD 800-3068 AAA92-104621 00 

X S1 ENDCOVER AAA92-106249 OA 

X S1 SHIM, LOWER, END COVER ' AAA93-102610 00  

X S1 SHIM, UPPER, END COVER AAA93-102609 OA 

- 
x SI - !L!?N_E_NO:?- -.---- --__--. 800-1 022-001 - AAAQ2-1 oe74e _____._.._ _-__ 

-- S1 VANENO.3 880.1 023-001 AAAO2-108745 - I 

' X  si CONNECTOR BRACKET AAA92-106257 OA 

X S1 PAD, CCD THERMAL AAA93-102243 00 

X S1 ICD, CAMERA AAA92-104603 ' OE 

X S1 ST2A CAMERA ASSY, w. GAIN & OFFSET COW. LEA92-3128-13 OA 

X S1 SCHEMATIC, CAMERA, ST2A LEA92-3128-11 OB 

X S1 ARTWORK LEA92-3128-02 00 

X S1 BILL OF MATERIALS LEA92-3128-04 oc 
1 2 3 4 5 6  

ut 26/93 

Status S/N 

- ------ 
___.._.- - .- .. . . ". 

- 

IN FILE 

IN FILE 

IN FILE 

IN FILE 

DOCUMENT TREE NUMBER: C1 -AAA92-106282 TAB02 3 



STAR TRAC. .LR CAMERA -, 26/93 d/ 

X S1 THERMISTER, F E W A U  137-562-ZXT-DO2 

X S1 LENSSTANDOFF AAA93-102550 OA 

1 2 3 4 5 6  

I 

DOCUMENT TREE NUMBER: C1 -AAA92-106282 TAB02 4 
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CLEMENTINE 
Sensors Integration Project 

rITLE Star Tracker Camera Assembly procedure 

ENGINEERING NOTE 
c 1 -s 1-0 12 

ASSY: Star Tracker 
ORIG: Jim Dickie 
DATE 'ZAw e. I993 
APPR:(/f:E f &/ 

V '  --)a 
Abstract: 

This document describes the assembly procedures for the Clementine Star 
Tracker Camera 

. 

Revision: OA 
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Engineering Note 
Cl-s 1-012 

CLEMENTINE 
Star Tracker Camera 
Assembly Procedures 

/ 

Reviewal by:> Date: 'I J'CMLL [?% 
,r?/Le'wis, Optical Engineer 

Reviewed by: w a L  Date: 6 $033 
W. R z  uality Assmnce 31 

O - A A ,  do Reviewed by: Date: 

Reviewed by: Date: 10 J h p  /?73 *farif S'r% Sensor Engineer 
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1.0 General 

1.1 scope 

This document details steps required to assemble the Clementine Star Tracker 
Camera (STC). 

1.2 Description 

The STC consists of an Actel electronics PWA, a Thomson TEl7883-F02-01 
B/T CCD (Flight cameras only, prototype cameras will utilize a non-B/T 
TH7883-F02-01 unit), mechanical hardware that encases the PWA and CCD, a 
mini-concentric Wide Field of View (WFOV) lens, and a light baffle. The 
camera is used for imaging stars to determine the position of a vehicle in space. 

Assembly includes general mechanical assembly, testing to verify quality of 
optical couplant between the CCD and the lens fiber optic field flattener, 
measurement and possibly adjustment of the optical axis normal to the camera 
mounting surfaces, abbreviated electrical function testing prior to final staking, 
and final staking. 

1.3 Reference Documents and Drawings 

1.3.1 C1-ME-008, Clementine Sensors General Contamination Control Plan. 
1.3.2 C1-SO-TBD, Clementine ESD Protection Plan. 
1.3.3 C1-S 1-TBD, STC Abbreviated Electronic Function Test Procedure. 
1.3.4 MIL-STD-1686, Handling of ESD Sensitive Equipment. 
1.3.5 MIL-STD-1246BY Product Cleanliness Levels and Contamination 

Control Plan. 
1.3.6 Cl-SO-005, Adhesives, Compounds, and Optical Couplants. 
1.3.7 C1-SO-TBD, Clementine Quality Assurance Program Plan 

1.4 Deviations 

Procedural deviations or changes from specified procedures which do not affect 
the physical assembly may be made at the discretion of the responsible 
engineer. Deviations or changes which require any mechanical or electronic 
change may be made only after review and approval by a suitable Material 
Discrepancy Review Board as defined in the Clementine QA Program Plan. 

1.5 Elecuo-Static Discharge Control Requirements 

The STC contains electrostatic-sensitive devices which are exposed on the PWA 
and CCD prior to assembly closure and at the electrical interfaces after 
assembly closure. Therefore, it shall be handled per MIL-STD-1686 Class 1. All 
work shall be performed in an approved electrostatic discharge control area as 
defind by the Clementine Quality Assurance Group. 

The STC, the test operator (using wrist straps), and related electrical test 
equipment shall be connected to a common ground before any electrical mating 
or de-mating operations, and during the use of any electrical test equipment 
probes- There shall be no “hot-plugging” of the test specimen with any test 
equipment. 
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All electrostatic sensitive parts shall be stored in approved antistatic storage 
bags when not in use. 

1.6 Cleanliness and Contamination Control Requirements 

ALI assembly work shall be performed in a Class 100 laminar flow hood located 
within a Class 10,000 environment as defined in LLNL document ‘Clementine 
Sensors General Contamination Control Plan’. 

. .. .._-.e 

-:.-,-, . ... > . - -  

Handling of all parts shall be with clean lint-free gloves. Personnel shall wear 
face and hair protective smocks when handling exposed optics. 

1.7 Photographs 

Photographs shall be taken of the unit at major subassembly steps and of the 
final assembled unit. A suitable ruler shall be used to provide scale. 

1.8 Disassembly Contingency 

Due to the optical bonding of the CCD to the lens fiberoptic, and the time 
required to dissolve this bond line, there is no disassembly of an STC allowed 
beyond step 4.3.5, with the special exception noted in step 4.3.9. If any camera 
is found to be defective at any point beyond step 4.3.5, a total restart of this 
assembly procedure is required. 

2.0 PartsList 

2.1 From the kitted assembly, where applicable, record all part serial numbers for 
this camera into the table below. 

ouantity 

1 

Description Reference No. Serial No. 

w Camem Housing 92- 106258 1 

? 

3 

4 

5 

6 

Lens Standoff 93-102550 

92-106249 

1 

, :..: End Cover 1 

Baffle Assembly 92- 108748 1 

WFOV Lens Assembly 92- 109469 1 

Actel PWA Assembly 
Includes: 
Spacer, Tab-01 

Thermistor, Fenwal 

Nut, 2-56 
Nut, PEM, 2-56 

Jackpost, Tab-08 

LEA92-3 128-03 1 

92- 1046 16 
NAS #67 1 -C02 
CRES 
137-562-ZXT-DO2 
93-101 167 

n/a 
n/a 
n/a 
n/a 

7 

8 

n/a 

CCD, Thomson TH7883-F02-0 1 
(Prototype Cameras) PYA- 1 
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~ 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
25 

CCD, Thomson 

Pad, Circuit Board 

Pad, CCD Thermal 

Connector Bracket 

Socket head cap 
s~rew, 2-56 x -187 Ig. 

Socket head cap 
SCEFS', 2-56 x -250 lg. 

Socket head cap 
screw, 2-56 x -375 Ig. 

Socket head cap 
s~rew,  2-56 x -50 lg. 

Washer, # 2 , 0  0.25 

Washer, Thermal 

Thermistor, Fenwd 

Clamp, Lens Heater 

Heater, Lens, Minco 

Switch, Sundstrand 

Tape, Reflective 

Shim, End, Upper 

Shim, End, Lower 

(Flight Camera Only) 

92- 10462 1 

93-102243 

92- 106257 

NAS #1352-N02-3 

NAS #1352-N02-4 

NAS #1352-N02-6 

NAS #1352-N02-8 

NAS #620-N02 

93-102551 

534-31AG04-562 

93-102221 

HK17402-9311 

974-0014-774 

S heldahl 

93- 102609 

93- 1026 10 

1 

1 

1 

14 

6 

3 

2 

8 

6 

1 

1 

1 

1 

a/r 

2 
2 

Parts logged into assembly by: k ( & i ? a c a  Date: b/ci 3 7 

2.2 Requird Tools 

2.2.1 -4s part of this procedure, the following tools, with current 
calibration certificates, are required for assembly. 

1. Torque wrench, capable of reading 0 to 10 inch-pounds minimum, 

2.0-1 inch Micrometer with O.OOO1 inch resolution. 
3.0-1 inch Depth micrometer with O.OOO1 inch resolution. 

with 0.1 in-lb resolution. 
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3.0 Adhesives, Couplants, Staking Compounds 

3.1 For additional information on all compounds, refer to Clementine 
Engineering Note C1-SO-005, 'Adhesives, Compounds, and Optical 
Couplants' 

Pot Life cure Lot No. Exp. Date 

I 

3, 

3 
2 hrs. 

7 /  ?q 

s/q 41 

BA-2151 30min. 3hrs.@50"C d 4  

Staking Compound 
Hysol EA934NA 30 min. 2 hrs. @ 50°C 
optical Couplant 
DC 93-500 
Thermal Epoxy 

24 hrs. @ 50'C 

1 S ilvzr Epoxy 
BA-2902 

5 ThermalGrease 
DC-340 

4.0 Assembly Procedure 

30 min. 3 hrs. @ 50°C I d ?  3 

d a  d a  -- - - 
Initials / Date 

4.1 PWA Installation Into Camera Housing 

4.1.1 Remove the Actel Camera PWA, P/N LEA92-3067- 
03, from the carrier per procedure C1-SO-TBD. 

4.1-.2 -Using-a-certified-micrometer-accurateto-O.~-l-inches, _ _ ~ -  
measure the PWA thickness at the four thermal pads as 
shown in figure 1. Record these measurements to 4 
si,onificant figures (nominal is .046 +005). 

/ Thermal Pad Pad Thickness 

PWA 

4 3 
FIGURE 1 

4-13 Place PWA in oven set to 50" C for 20 minutes. 
Remove PWA from oven and while still hot, bend to 
shape as shown in Circuit ,Board ICD drawing No. 
92- 104603 and figure 2. 
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FLEX BOARD BENDING 
.125 

A I 
FIGURE 2 

A 1 

4.1.4 Using the optical comparator with the lOOX objective 
for maximum sensitivity, measure the step height at the 
four comers for PWA mounting on the Cameca 
Housing P/N 92-106258 as shown in Figures 3 and 5 
(nominal is .OSOS +.OOO, -.005). Record these 
measurements to 4 significant figures. This step should 
be 0.0005 kO.OOO1 then the measured thickness of 
the PWA at the corresponding thermal pad areas as 
recorded in step 4.1.1. If correction is required, have 
the camera housing reprocessed, and the 2-56 threaded 
inserts installed before proceeding to step 4.1.5. 

3 

II 1 4 
I t  

Steu Heirrht 

2 .OY>Q 

_ .  

4 .ow0 

At+ Measure Height 

F I G W  3 

4.1.5 Remove and discard the 2 screws holding the PWA 
connector to spacers. Install Connector Bracket P/N 
92-106257 over connector. See figure 4. 6,/!7 
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1.1.6 Install PWA board into Camera Housing with Circuit 
Board Pad P/N 92-104621 and 2-56 washers installed 
between PWA assembly and housing heat sink. 
Important, apply a thin layer (-001 in. thick, rnax.) of 
DC-340 thermal grease to hnrh sides of the circuit 
board pad prior to installation. 
Secure connector and connector bracket with 2 each, 
Jackposts P/N 92-104607-Tab 01. Torque to 3.5 L- 0.1 

The thermistor fits in the slot on the finger of the 
Camera Housing as shown in figure 4. Be careful not 
to pinch the thermistor leads. 
Secure PWA with 2 each, 2-56 x -25 long socket head 
cap screws. Torque to 3.5 i- 0.1 in-lb. 
Stake thermistor with BA-2151 thermal Compound. 
Stake fasteners with EA934NA. Cure for 3 hrs at 50 
'C. 

in-lb. 

. .  - 

Thermal Pad with DC-340 thermal grease 
Camera Housin 

PWA 

Connector Bracket 
SH Cap S&w 

l n e r m i s t  er Slot 

FIGURE 4 

4.1.7 

4.1.8 

Apply a thin (.002 in. thick, max.) layer of BA-2902 
Silver Epoxy to 4 thermal contact pads at internal 
comers of End Cover P/N 92-106249. Place End 
Cover Shims, P/N 93-102609 and 93-102610 in 
position on corresponding end cover pads. Cure for 3 
hours at 50" C. 618' / 3  O J ~  

J 

Apply a thin (-001 in. thick, max.) layer of DC-340 e 

thermal grease to both sides of the four PWA thermal 
contact areas at corners of camera body, and the 
mating comers of the end cover/shim assembly. 
Install end cover and secure with 4 each, 2-56 x -25 
long socket head cap screws. Torque to 3.5 zk 0.1 in-lb. 
Do not stake fasteners at this time. b/17 J w ~  
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4.2 CCD Installation Into Camera Housing 

4.2.1 

4.2.2 

4.2.3 

4.2.4 

Prior to installation of CCD into camera, with extreme 
caution so the fiberoptic is not scratched, measure the 
overall thickness of the CCD to 4 significant figures 
using the optical comparator with the lOOX objective 
for maximum sensitivity. Record this measurement to 
4 s i_dcan t  figures. 

CCD Thickness ‘ 3  392 

Install Thomson TH7883-F02-01 CCD (TH7883- 
F02-01 B/T for flight cameras only) into PWA 
connector, being careful to install CCD Thermal Pad 
P/X 93-102243 between CCD and housin’g. 
IMPORTANT: be sure to apply a thin (.001 in. thick, 
max)  layer of DC-340 thermal grease to both surfaces 
of the thermal pad during installation. See figure 4. 
IMPORTANT: Verify location of pin #1 with socket 
81 prior to installation of CCD (see fig. 4). 
Visually inspect assembly to verify CCD is completely 
and evenly seated onto thermal pad. (“//v 1 J& 
Perform abbreviated PWA board/CCD electronic 
functionality test per procedure C1-S 1-(TBD), and 
verify good thermal contact between CCD and heat 

Pws sink 
Record results. Pass/No Pass 

I€ pass, proceed with assembly section 4.3. 
If no pass, stop assembly procedure until problem has 
k e n  identified and corrected, and camera passes 
abbreviated electronics functionality test. b/)T Jub 

4.3 Lens Standoff Installation 

4.3.1 Using the optical comparator with the lOOX 
objective for maximum sensitivity, measure the 
step height from the lens standoff mounting ring to 
the thermal finger surface in the camera body. 
Record this measurement to 4 significant figures. 
See Figure 5. 

Housing Step Depth , 0 9 7 0 6,b /JQ 

Page 9 of 16 



Pleasure Pod Herpht 
At i Lt Corners 

-Pleasure Step Depth 

. 
FIGURE 5 

4.3.2 From the inspection data provided with WFOV Lens 
PLN 92-109469, obtain the recorded depth from the 
face of the fiberoptic to the three mounting tabs 
(nominal is 0.125). Record these measurements to 4 
si_gnifkant figures. 

- Recorded Depth 

FIGURE 6 

4.3.3 Calculate average depth to face of lens fiberoptic to 4 
si_gnificant figures and record answer. 

Average Depth , I L L L  
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I 
NOTES 

UNLESS OTHERWISE SPECIFIED: 

1. ALL DIMENSIONS ARE IN INCHES. 
2. DIMENSIONING AND TOLERANCING PER 

3. SURFACE TEXTURE PER ANSI 846.1-1978. 
ANSI Y14.M-1982. 

4 '?/ AI I MACIIIIII II 'J1111 41.1 . 
3. 11111 AH 'J IAIW 1111.1 h I I  IIlVl M A N  1111 f I l A M l  I I1 

(1. INldIII IIAIIII 11111 MAX 
1. CIII MICAI C I 1 l M  Il?rlllll ClJAI 1'1 H 

MIL-C-5541. CLAS5 J. CUD. 
Mlll CIFAN IJNI- . fHlI .  CLOTS A I  IL I I  (:OAIINI; 

IIANINC I 'A I I I  

- INSlAll  INSCRIS I IWM SIIIII'ACC INIIICAII I1  '' f'lX MSJJSJ'I ATlCIl  COAIING 
8. WAP IN CLEAN UNT-FREE MAIERIAL 

BAG L TAG MTH PART NO. & REV. LElTER. 
DO NOT MARK ON PART. 
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Add The Following: 

LESS Lens Standoff Lens Tab Depth I L2 

CCD Thickness 1 3 3 9 3  

0.020 Copper Shim 0.020 

0.0003 Gap 0.0003 

0.001 Epoxy Fill 0.001 
Housing Step Depth 

Sub-Total: . LIP3 0 

Subtract The Following: 

Housing Step Depth 

Total is Lens 
Standoff Thickness - 6o 

0.020 Copper Shim 9 7 0 

Housing Thermal Finger 

FIGURE 7 

4.3.7 Perform the arithmetic as shown in Figure 7. 

4.3.8 Remove the lens standoff and reprocess the bottom 
surface to achieve the thickness +0.0001, recorded 
from the arithmetic in Figure 7. 

4.3.4 Apply a thin layer (-001 in. thick, ma.)  of DC-340 
thermal grease to the standoff-to-camera body 
mechanical interface areas. 
Install lens standoff to camera body with 1 each, 2-56 
x -375 long and 2 each 2-56 x -50 long socket head cap 
screws. Torque to 3.5 5 0.1 in-lb. 

4.3.5 Using the optical comparator with the lOOX objective 
for maximum sensitivity, measure distance from top of 
lens standoff to top of CCD fiberoptic at 4 positions 
(1-4) to verify that the fiberoptic surface is parallel to 
the top of the lens standoff to within 0.0001 inches as 
shown in figures 8 and 9, and matches the lens-to-tab 
depth recorded in the inspection data from the vendor 
4.0003 inches. If not, reposition the CCD to correct 
any error. 

6h7 /Jub 

6h7 / J d  
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\Lens Standoff 

-CCD Fiberoptic Face 

LVerify Depth to Fiberoptic 
Face at positons 1-4 

FIGURE 8 

+-- Measure Depth 
FIGURE 9 

4.3.6 Stake fasteners with EA934NA Staking Compound. 
Cure at 60" C for 3 Hr. 

4.3.7 Do not proceed to assembly section 4.4 unless there is 
a single time span of at least 8 hours available to 
complete all steps of section 4.4. b l ,7  l J W 9  

4.4 Lens Installation 

4.4.1 Mix a small quantity of DC 93-500 encapsulant and 
degas. Place one drop of the degassed encapsulant on 
top center of the CCD fiberoptic interface surface as 
indicated in figure 10. 
Apply a thin layer (.001 &thick, max.) of DC-340 
thermal grease to the mechanical interface between the 
lens standoff and the WFOV lens mount tabs. 
Using extreme care to avoid any contact with the 
thermal grease, except at the mount points, place the 
WFOV lens into the lens standoff. 

Page 12 of 16 



At this point, verify the lens/CCD orientation. Visually 
inspect the optical interface through the lens to ensure 
that the encapsulant is evenly spread over the 
CCD/lens interface with no bubbles evident. 
Secure the lens to the lens standoff with 3 each, 2-56 x 
.187 long socket head cap screws with #2 x 0 0.25 
CRES washers. Torque all 3 fasteners even& 1/4 turn 
at a time to 2.9 k 0.1 in-lb. L//K I J w b  

DC 340 Locations 

FIGURE 10 

4.4.2 Within one hour of the procedures completed in step 
4.4.1 , perform an abbreviated camera. electronic 
functionality test per procedure C -S l-(TElD). 

If pass, proceed to step 4.4.3 
If no pass, immediately proceed to step 4.4.4 

Record results. Pass/No Pass brxs 

4.4.3 Within one hour of the test performed in step 4.4.2, ' 

perform a flat field optical test to look for bubbles and 
even distribution at the fiberoptic interface between the 
lens and CCD. 
Record results. Pass/No Pass 
If pass, proceed to assembly section 4.5 
If no pass, immediateIy proceed to step 4.4.4 

Qkss 
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1.4.4 

4.4.5 

KOTE; This step is to be taken only as an emergency 
measure, and only i f a  BIT CCD is being used. If the 
camera fails either of the tests required in steps 4.4.2 or 
4.4.3, immediately disassemble the lens from the 
camera housing, remove the CCD, and carefully 
remove any residual couplant from all optical surfaces 
to ensure that both the lens and the B E  CCD can be 
salvaged for reuse. 

Lf step 4.4.4 is performed, the assembly procedure is 
aborted at this point and must be re-started. 

4.5 Baffle Installation 

3.5.1 Install Baffle Assembly P/N 92-108748 onto the 
JWOV lens mounting tabs using 3 each, 2-56 x -187 
long socket head cap screws and 6 each, Thermil 
Isolation Washers, P/N 93-102551. Do not torque 
fasteners beyond finger tight at this time. Ensure that 
the baffle assembly is evenly centered on the front of 
the WFOV lens by observing the gap between the lens 
and the baffle. For maximum thermal resistance, 
minimize metal-to-metal contact around this interface 
and between fasteners and mounting tabs. 
See Fi-we 11. 

4.52 

FIGURE 11 

Perform abbreviated camera electronic functionality 
test per procedure C1-Sl-(TBD). 
Record results. Pass/No Pass p%S d r 1  A!! 

Page 14 of 16 



4.5.3 Angular orientation of the rectangular baffle cutout to 
the camera CCD is critical. Total angular tolerance is 
0.3" rotation. Visually verify orientation as shown in 
Fi-me 12, also verify by imaging with the camera and 
looking for any obscuration at the corners. If baffle is 
within tolerance, torque fasteners to 2.0 k 0.1 in-lb. 

LBaffle Cut-out 

FIGURE 12 

4.5.4 If camerahaffle assembly has passed all functionality 
tests, stake all lens, baffle, and camera end cover 
fasteners with EA934NA. Cure for 3 hrs. at 50 "C. 
Apply Sheldahl thermal tape to front of baffle vane. 
Trim to baffle outside diameter. IMPORTANT: Do 
not apply tape within 0.060 inches of the vane edge. 
See Figure 12. 
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4.6 Lens Heater Installation 

4.6.1 Install Lens Heater Clamp, P/N 93-102221, and Lens 
Heater Strip, Minco P/N HK17402-9311, onto the 
WFOV lens barrel using 2 each, 2-56 x -187 long 
socket head cap screws. Be careful when routing the 
heater wires out of clamp to avoid damage to wires. 
Install temperature control switch onto lens heater 
clamp using 2 each, 2-56 x .187 long socket head cap 
screws. Place a small drop of BA-2151 thermal epoxy 
under center of switch prior to installation to ensure 
g d  thermal contact.. Torque all fasteners to 3.5 & 0.1 

Stake heater wires and fasteners with EA934NA. Cure 
for 3 hrs at 50 'C. 

in-lb. 

4-6-2 Bond Thermistor, Fenwal P/N 534-31AG04-562, io 
side of lens heater clamp with BA-2151 epoxy. Cure 
for 3 hrs. at 50 'C. 

6/20 / 3uJD 

/' 
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Appendix H.3.5 . 
Test Procedures 





Abbreviated Functional 
Test Procedure 

for 
Sub and FuIIy Housed 

Clementine Camera, PWAs 
with Gain and Offset Control 

L p q  4 3 . 

University of 
. I  - 

I i Lawrence Livermore : f i National Laboratory 

C1-EE-036 
Abbreviated Functional Test Revision OA 

Procedure for Sub and Fully Housed Clementine 
Camera, PWAs with Gain and Offset Control 



1. Sub and Final Assemblv Resistance and Voltme Soec ificitv mior to Power-uQ 

Inspect the camera for connector saver and shorting plug. If one or both of these are not present obtain them. 
A 57-contact breakout should be attached to the connector saver to perform this test. The 51-contact shorting 
plug should be attached to the connector saver for transport or storage once this test is complete. 
Using a flight certified breakout connector- 

51 Pin Breakout Cable 

51 P i n  Connector 51 Socket Connector 

MCE-51PbE5 

NOTE: No Cabling 
Probe points Attached!! 

-Verify these resistances: 

DVM(common) DVM(signa1) 
5 (AGND) 39 (+15VDC) 

4 (-15VDC) 

pin# vs pin# 

- 
- 
- 37 (+5VDC) 

- 38 (4VDC) 

- 3 (-5VDC) 

- 40 (+5VIN) 

20 (DGND) 

- 40 

39(+75VDC) - 4 
- 37 

38 
3 

40 

- 

expected 
A00R 

>12m 
>400R 

AOOR 

>I m 
>4wl 

l2Z,2ICJz 



4 (-15VDC) 37 >I 2KR 13.3Ksz 

38 >12m IT -? Ki2 
- 3 

40 

37 (+5VDC) - 38 

3 (-5VDC) 

2 (CGND) 

Using a flight certified breakout connector, verii power voltages at cable connector-camera 
end-before attaching it to the camera board. Use J1-pin 20 for multimeter ground and 
complete the following table. 

J1  pin # Expected V 

39 +15v 

4 -15v 

3798 +SVDC 

3 -5v 

40 + 5 v m  

Measured V 

7’ fS,3 

Turn off the power. Specificity verified, the camera and cabling are ready for power-up. 

SN# S J  31%‘ By , /h\b Date 6//Y.‘+= 
initials p a k d  . 0”(-0lo 



2. Room TemDerature Dark Measurement Data 

Connect a quality assured data acquisition system and cabling with the resistance verified 
camera to be tested. 

Acquire dark images at all three gain values-I ,2, and &using a 50ms integrarion time and 
0 offset. 

Turn off power. 

Using the same region of interest for each acquired image, process a h i s to_m resulting in 
Mu and SIGMA values. These values should correspond to those taken at =20°C during the 
Thermal Test. Therefore, review the 50ms data for all three gains at 20°C. KOTE: This 
assumes the thermal test was performed with the same CCD now housed. 

3. TmaPinp Verification 

With adequate lensing, capture an image with the Startracker or UV-Vis camera and verify 
that it does image. 

Place an image-on-clear or text-on-clear transparency against the Lidar intensifier and gate the 
intensifier appropriately to capture a Lidar image. 

REMEMBER to attach your recorded documentation to this test procedure! 
(A document protector is advised) 



Appendix H.3.5.1 
Calibration Data Files 

. 



. 



25 calibrat 
5 root 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
1 ca l ibra t  
2 ca l ibra t  
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 
2 calibrat 

1024 Aug 3 16:OO - /  

2048 A u g  1 14:31 OC-hi/ 

2048 A u g  1 15:02 OCIloi/ 

2048 A u g  1 15:15 OCnomFnal/- 

1 15:22 lOF nominai cark-zurrent/ 
2560 A u g  1 15:32 20CInominalT 
2560 A u g  2 09:35 20C_nominal2/ 
1024 A u g  1 17:17 20C nominal dark zxrent/ 
512 J u l  27 19:19 HotPixels/- 
512 Jul 27 19:19 Optical Distorcic:/ 
681 Jul 27 20:30 ST314.crd 
512 J u l  27 19:19 Spectral Respo-sz! 
512 Jul 31 11:37 electronic-w-zrx-x?/ 
1024 J u l  28 16:56 focus/ 
512 J u l  28 16:57 image/ 
2048 Aug 1 16:27 nlOC_nominh/ 
512 .Aug 1 17:21 nlOC nominal ctr:i current/ 
2048 A u g  1 16:37 n20C-nominalT 
512 A u g  1 17:25 n20C-nominal-c~rk-czrrent/ 

512 Aug 4 19:52 ../ 

512 Aug 1 14:38 OC hi dark c c r r e r - r i  

512 A u g  1 15:07 OC low dark cnrrer.z/ 

512 A u g  1 15:18 OC-nominal dark c.rrent/ 
512 A u g  

- 

- 

- 

- 

23040 A u g .  4 15:54 noise/ 

512 A u g  3 16:Ol test/ 
1024 J u l  28 16:54 optical distorrFc:/ - 



. 



Appendix H.3.5.2 
Environmental Acceptance Test Procedures 





Appendix H.3.5.2.1 , 

Random Vibration Test Data 
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ST Camera: st314: int-time= 50m, offset= 0, gain=4 ( 75 &it) Fri Jun 18 11:17:l3 1993 
Pixel Values Min 164 Max 176 Mean 168.2 Sigma 1.33 x lo3 

- 

1.10 - 

1.00 - 

0.90 - 

0.80 - 

0.70 - 

0.60 - 

0.50 - 

0.30 - 

0.30 - 

0.30 - 

0.10 - 

0.00 - 

0.00 50.00 100.00 150.00 200.00 250.00 



ST Camera: st314: int-time= 50ms, offset= 0, g a b 2  ( 150 &it) Fri Jun 18 11:ES 1993 
Pixel Values Min 88 Max 94 Mean 90.7 Sigma 0.78 x lo3 

3-20 I 1 

2-10 - 
2.00 - 
1-90 - 
1-80 - 
1.70 - 

1-60 - 
1-50 - 
1-40 - 

1.30 - 

1.20 - 
1.10 - 

1-00 - 
0.90 - 
0.80 - 

0.70 - 
0.60 - 
0.50 - 

0.30 - 
0.30 - 
0.20 - 

0.10 - 
0.00 - 

I I I I I I I -0.10 
0.00 50.00 100.00 150.00 200.00 250.00 



320 - 
3.00 - 
2.80 - 

2-60 - 

2.30 - 
2.20 - 

I 

2.00 - 

1-80 - 

1.60 <- 

1.40 - 
1-20 - 

1.00 - 
0.80 - 

0.60 - 
0.a - 

0.20 - 

0.00 - 

1 

0.00 50.00 100.00 150.00 200.00 250.00 
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I .  Sub and Final Assembly Resistance and Voltape Spec ificity rorior to Power-ltn 

Inspect the camera for connector saver and shorting plug. If one or both of these are not present obtain ther 
A 51-contact breakout should be attached to the connector saver to perform this test. The 51-contact shortii 
plug should be attached to the connector saver for transport or storage once this test is complete. 
Using a flight certified breakout connector- 

51 Pin Breakout Cable 

51 Pin Connector 51 Socket Conneccor 

MCE-51 P6E5 HCE-51S6ES 

-Verify these resistances: 

DVM(cornrnon) 

5 (AGND) - 

pin# vs 

20 (DGND) 

39 (+15VDC) 

Probe points fi 
pin# 

DVM(signa1) 
39 (+l5VDC) 

4 (-15VDC) 

37 (+5VDC) 

38 (+5VDC) 

3 (-5VDC) 

40 (+5VIN) 

5 

39 

37 

38 

3 

40 

4 

37 

38 

3 

40 

NOTE: N o  Cabling 
Attached!! 

expected 

A O O Z L  

>12KQ 

A O ( x 2  

A00R 

>1 w2 

AkQ 



4 (-15VDC) 

37 (+5VDC) - 
- 

3 (-5VDC) 

2 (CGND) 

37 
38 

3 

40 

38 

3 

40 

40 

51 
36 
5 

37 
39 
40 
4 
3 

>5kR 

I1R 
8 

Using a flight certified breakout connector, verify power voltages at cable connector--camera 
end-before attaching it to the camera board. Use J1-pin 20 for multimeter ground and 
complete the following table. 

J1 pin# 

39 

4 

3738 

3 

40 

Expected V 

+15v 

-isv 

+svDC 

-5v 

i s v m  

Measured V 

- 5.4- 

51 

Turn off the power. Specificity verified, the are ready for power-up. 

Date 7.2 93 
initials p S . d  

SN# O ' F - r O  BY 



2. Room Tem~erature Dark Measurement Data 

Connect a quality assured data acquisition system and cabling with the resistance verified 
camera to be tested. 

Acquire dark images at all three gain values-l,2, and &using a 50ms integration time and 
0 offset. 

Turn off power. 

Using the same region of interest for each acquired image, process a h i s t o _ m  resulting in 
MU and SIGMA values. These values should correspond to those taken at =2OoC during the 
Thermal Test. Therefore, review the 50ms data for all three gains at 20°C. NOTE: This 
assumes the thermal test was performed with thfpsaqe CCD now housed. 

3. Tmapinp Verification 

With adequate lensing, capture an image with the Startracker or UV-Vis camera and verify 
that it does image. 

Place an text-on-clear transparency against the Lidar intensifier and gate the 
capture a Lidar im 

SN# B Date 7 , ' / '  4f 
pvsed 

REMEMBER to attach your recorded documentation to this test procedure! 
(A document protector is advised) 



ST Camera: ST1#04-10pstshk2: int-tirne= SOrns, offset= 0, gain=l(350 dbit) Thu Jul 1 11:25:18 1993 
Pixel Values Min 40 Max 43 Mean 40.8 Sigma 0.39 x lo3 

2.60 - 
2-40 - 
2-24 - 
2.00 - 

1.80 - 

1.60 - 
1-4@ - 

1-20 - 

1.m - 
0.80 - 
0.a - 
0.4 - 
0.30 - 

0.03 - 

. 

I I I I i I I 
0.00 50.00 100.00 150.00 200.00 250.00 



ST Camera: ST1#04-10pstshk2: int-time= 50ms, offset= 0, gain=2 ( 150 elbit) Thu Jul 1 14:X:45 1993 
Pixel Values Min 80 Max 87 Mean 82.1 Sigma 0.57 x lo3 

I I I I I I I 2-80 

2.60 - 

2-30 - 

2-00 - 

1-80 - 

1.60 - 

1-40 - 

1-00 - 

0.130 - 

0.60 - 

0.40 - 

0.00 - 

. 



ST Camera: ST1#04-10pstshk2: int-time= 50ms, offset= 0, gain=4 ( 75 &it) Thu Jd 1 14:26:06 1993 
Pixel Values Min 148 Max 161 Mean 151.1 Sigma 0.91 x lo3 

I I 1 I i I 
2-00 - 
1.90 - 
1.80 - 
1.70 - 
1-60 - 
1.50 - 
1.40 - 
1.30 - 
1.20 - 
1.10 - 

1.00 - 
0.90 - 
0.80 - 
0.70 - 
0.60 - 
0.50 - 
0.40 - 

0.30 - 
o m  - 
0.10 - 
0.00 - 

. 

~ 

50.00 100.00 150.00 200.00 250.00 0.00 





Appendix H.3.5.2.2 
Thermal Cycle Test Data 



ST Camera: ST1#04-10 : int-time= 50ms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 05:17:12 1993 
Pixel Values Min 41 Max 43 Mean 41.9 Sigma 0.28 x lo3 

3.80 - ' I I I 

3.60 

3.40 

3.20 

3.00 

2.80 

2.60 

2.40 
2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

0.00 

- 

- 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

- 

- 

- 



3.40 

3.20 

3.00 

2.80 

2.60 

2.40 

2.20 

- 

- 

- 

- 

- 

- 

- 

2.00 

1.60 

1.40 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

0.00 

- 

- 

- 

- 

- 

- 
- 

- 

0.00 50.00 100.00 150.00 200.00 250.00 



_- 

-I 

.. --I_. +.- 

ST Camera: STlM4-IO: int_time=200ms, offset= 0, gain=l(350 chit) Wed Jun 30 05:18:34 1993 
Pixel Values Min 41 Max 43 Mean 41.8 Sigma 0.40 x lo3 

3.20 

3.00 

2.80 

2.60 

2.40 

2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

0.00 

0.00 50.00 100.00 150.00 200.00 250.00 



2.00 

1.90 

1.80 

1.70 

1.60 

1.50 

- I I I I I 
- 
- 
- 

- 

- 

1 I I I I I 
0.00 50.00 100.00 150.00 200.00 250.00 

1.20 

1.10 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 
0.30 

0.20 

0.10 

0.00 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 



ST Camera: ST1#04-10: int-timedOOms, offset= 0, g a b 2  ( 150 &it) Wed Jun 30 05:19:32 1993 

Pixel Values Min 82 Max 86 Mean 83.9 Sigma 0.75 x lo3 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
I I I I I 

1.50 

1.40 



1.80 

1.70 

1.60 

1.50 

1.40 

1.30 

1.20 

1.10 

1 .oo 
0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

ST Camera: ST1#04-10: int_time=20Oms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 05:19:59 1993 
Pixel Values Min 82 Max 87 Mean 83.7 Sigma 0.75 x lo3 

- I  

- 

I I I I I - 

I I 1 I I I 1 
0.00 50.00 100.00 150.00 200.00 250.00 



. . 

1.10 

1.00 
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ST Camera: ST1#04-10: int-time= 50ms, offset= 0, gain=4 ( 75 elbit) Wed Jun 30 05:20:28 1993 

Pixel Values Min 150 Max 157 Mean 152.9 Sigma 1.09 x lo3 
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ST Camera: ST1#04-10: int-time=lOOms, offset= 0, gain=4 ( 75 &it) Wed Jun 30 0321:OO 1993 
Pixel Values Min 150 Max 156 Mean 152.7 Sigma 1.04 x lo3 
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ST Camera: ST1#04-10: int-time=20Oms, offset= 0, gain=4 ( 75 elbit) Wed Jun 30 05:21:47 1993 
Pixel Values Min 149 Max 156 Mean 152.4 Sigma 1.01 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time= 50ms, offset= 0, gain=l ( 350 e/bit) Wed Jun 30 06:03:25 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.34 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time=lOOms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 06:04:38 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.34 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time= a m s ,  offset= 0, gain=;? ( 150 elbit) Wed Jun 30 06:06:27 1993 
Pixel Values Min 78 Max 80 Mean 79.2 Sigma 0.58 x lo3 
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ST Camera: STlM4-10 -3OC #1: int-time=lOOms, offset- 0, gain=2 ( 150 ehit) Wed Jun 30 06:06:54 1993 
Pixel Values Min 78 Max 80 Mean 79.2 Sigma 0.57 x lo3 
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ST Camera: ST1##04-10 -3OC #1: int-time=200msY offset= 0, gain=2 ( 150 ehit) Wed Jun 30 06:08:14 1993 
Pixel Values Min 78 Max 81 Mean 79.2 Sigma 0.58 x lo3 
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ST Camera: STlM4-10 -3OC #1: int-time= 50ms, offset= 0, ga in4  ( 75 elbit) Wed Jun 30 06:08:38 1993 
Pixel Values Min 145 Max 149 Mean 146.8 Sigma 0.69 x lo3 

2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1 .oo 

0.80 

0.60 

0.40 

0.20 

0.00 



. 

2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

ST Camera: ST1#04-10 -3OC #1: int-time=lOOms, offset= 0, ga in4  ( 75 elbit) Wed Jun 30 06:09:l2 1993 

Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time=200ms, offset= 0, g a k 4  ( 75 &it) Wed Jun 30 06:09:43 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: STl#04-10 -3OC #1: int-time= 50ms, offset= 0, gain=l ( 350 e/bit) Wed Jun 30 06:48:28 1993 
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ST Camera: STlM4-10 -3OC #1: int-time=lOOrns, offset= 0, gain=l ( 350 e/bit) Wed Jun 30 06:48:50 1993 
Pixel Values Min 39 Max 41 Mean 39.7 Sigma 0.47 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time=tOOms, offset- 0, ga in4  ( 350 ehit) Wed Jun 30 06:49:311993 
Pixel Values Min 39 Max 41 Mean 39.7 Sigma 0.48 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time=200msY offset= 0, gain4 ( 350 elbit) Wed Jun 30 06:49:311993 
Pixel Values Min 39 Max 41 Mean 39.7 Sigma 0.48 x lo3 
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ST Camera: STI##O4-10 -3OC #I: int-time= 50ms, offset= 0, gain=2 ( 150 ehit) Wed Jun 30 06:50:08 1993 
Pixel Values Min 77 Max 80 Mean 78.9 Sigma 0.57 x lo3 
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ST Camera: ST1##04-10 -3OC #I: int-time=lOOms, offset= 0, gain=2 ( 150 ehit) Wed Jun 30 06:51:06 1993 
Pixel Values Min 78 Max 80 Mean 78.8 Sigma 0.58 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time=ZOOms, offset= 0, gain=2 ( 150 ehit) Wed Jun 30 06:51:36 1993 
Pixel Values Min 77 Max 80 Mean 78.8 Sigma 0.58 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time= 50ms, offset= 0, gain=4 ( 75 elbit) Wed Jun 30 065209 1993 
Pixel Values Min 144 Max 148 Mean 146.2 Sigma 0.68 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int-time=lOOms, offset= 0, gain=4 ( 75 ehit) Wed Jun 30 06:52:40 1993 
Pixel Values Min 144 Max 149 Mean 146.1 Sigma 0.68 x lo3 
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ST Camera: ST1#04-10 -3OC #1: int_the=200ms, offset= 0, gain=4 ( 75 e/bit) Wed Jun 30 06:53:17 1993 
Pixel Vdues Min 144 Max 148 Mean 146.0 Sigma 0.67 x lo3 
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ST Camera: ST1#04-10 20C #1: int-time= 50ms, offset= 0, gain4 ( 350 elbit) Wed Jun 30 07:19:50 1993 
Pixel Values Min 39 Max 40 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: STlM4-10 20C #1: int-time=lOOms, offset= 0, gain=l( 350 ehit) Wed Jun 30 07:20:311993 
Pixel Values Min 38 Max 41 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: STlM4-10 20C #1: int-time=ZOOms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 07:21:00 1993 
Pixel Values Min 39 Max 41 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: STlW-10 20C #1: int-time= 50ms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 07:21:50 1993 
Pixel Values Min 77 Max 81 Mean 79.1 Sigma 0.78 x lo3 
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Pixel Values Min 77 Max 81 Mean 79.1 Sigma 0.77 x lo3 

I 1 I 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
I I I I I I 

150.00 200.00 250.00 0.00 50.00 100.00 



ST Camera: ST1#04-10 20C #1: int_time=200ms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 07:23:07 1993 
Pixel Values Min 77 Max 81 Mean 79.1 Sigma 0.79 x lo3 
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ST Camera: STlM4-10 20C #1: int-time= 50m, offset= 0, gain=4 ( 75 e/bit) Wed Jun 30 07:23:33 1993 
Pixel Values Min 142 Max 148 Mean 144.9 Sigma 0.82 x lo3 
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ST Camera: ST1#04-10 20C #1: int-the=lOOms, offset= 0, ga in4  ( 75 ehit) Wed Jun 30 07:24:02 1993 
Pixel Values Min 142 Max 147 Mean 144.9 Sigma 0.78 x lo3 
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ST Camera: STI#Q4-10 20C #I: int-time=200msY offset= 0, gain=4 ( 75 &it) Wed Jun 30 07:24:32 1993 
Pixel Values Min 142 Max 148 Mean 144.8 Sigma 0.83 x lo3 
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ST Camera: ST1##04-10 20C #1: int-time= 50ms, offset= 0, gains1 ( 350 ehit) Wed Jun 30 07:59:47 1993 

Pixel Values Min 39 Max 40 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: ST1#04-10 20C #1: int-time=200ms, offset- 0, gain=l ( 350 elbit) Wed Jun 30 08:00:42 1993 
Pixel Values Min 39 Max 41 Mean 39.4 Sigma 0.49 x lo3 '"I 
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ST Camera: ST1#04-10 20C #1: int-time= 50ms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 08:01:52 1993 
Pixel Values Min 77 Max 82 Mean 79.2 Sigma 0.78 x lo3 
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ST Camera: STlM4-10 20C #1: int-time=lOOms, offset= 0, gain=2 ( 150 e/bit) Wed Jun 30 08:02:59 1993 
Pixel Values Min 77 Max 81 Mean 79.1 Sigma 0.76 x lo3 
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ST Camera: STlM4-10 20C #1: int - time=200ms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 08:03:27 1993 
Pixel Values Min 77 Max 81 Mean 79.1 Sigma 0.76 x lo3 
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ST Camera: ST1#04-10 20C #1: int-time= 50m, offset= 0, gain=4 ( 75 &it) Wed Jun 30 08:03:52 1993 
Pixel Values Min 142 Max 147 Mean 144.8 Sigma 0.80 x lo3 
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ST Camera: STlM4-10 -3OC #2: int-time=200ms, offset= 0, gain=l ( 350 &it) Wed Jun 30 08:36:48 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.30 x lo3 
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ST Camera: STlM4-10 -3OC #2: int-time= 50ms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 08:37:19 1993 
Pixel Values Min 78 Max 80 Mean 79.3 Sigma 0.57 x lo3 
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ST Camera: ST1#04-10 -3OC #2: int-time=lOOms, offset= 0, gaind ( 150 ehit) Wed Jun 30 08:38:02 1993 
Pixel Values Min 78 Max 81 Mean 79.3 Sigma 0.57 x lo3 
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ST Camera: ST1#04-10 -3OC #2: int-time=200ms, offset= 0, g a k 2  ( 150 &it) Wed Jun 30 08:38:36 1993 
Pixel Values Min 78 Max 80 Mean 79.3 Sigma 0.57 x lo3 
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ST Camera: STlN4-10 -3OC #2. int-time= 50ms, offset= 0, gain=l ( 350 &it) Wed Jun 30 09:17:47 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.33 x lo3 
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ST Camera: STlM4-10 -3OC #2: int-tirne=lOOms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 09:18:08 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.31 x lo3 
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ST Camera: STlM4-10 30C #2: int-time=200ms, offset= 0, gain=l ( 350 &it) Wed Jun 30 09:18:37 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.32 x lo3 
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ST Camera: STlM4-10 30C #2: int-time= 50ms, offset= 0, gain=4 ( 75 &it) Wed Jun 30 09:20:05 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.73 x lo3 
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ST Camera: STl##WlO -3OC WZ: int-time=lOOms, offset= 0, gain=4 ( 75 elbit) Wed Jun 30 09:20:30 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.71 x lo3 
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ST Camera: STlM4-10 -3OC #2: int-thne=200ms, offset= 0, gain=4 ( 75 ehit) Wed Jun 30 09:20:57 1993 
Pixel Values Min 144 Max 149 Mean 146.9 Sigma 0.69 x lo3 

- I I 2.40 I I 

2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1 .oo 

0.80 

0.60 

0.40 

0.20 

0.00 

0.00 50.00 100.00 150.00 200.00 250.00 



*? 
ST Camera: STI#04-10 20C ##2: int-time= SOms, offset= 0, ga in4  ( 350 ehit) Wed Jun 30 09:52:21 1993 

Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: ST1#04-10 20C #2: int-time=200ms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 095256 1993 
Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: STlM4-10 20C #2: int-time=lOOms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 095354 1993 
Pixel Values Min 77 Max 81 Mean 79.3 Sigma 0.76 x lo3 
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ST Camera: ST1#04-10 20C #2: int_time=200ms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 09:54:15 1993 
Pixel Values Min 77 Max 81 Mean 79.3 Sigma 0.77 x lo3 
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Pixel Values Min 142 Max 148 Mean 145.2 Sigma 0.80 x lo3 
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ST Camera: ST1##04-10 20C #E: int-time= 50ms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 10:33:49 1993 
Pixel Values 39 Max 41 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: STlM4-10 20C ##2: int-time=200ms, offset= 0, gain=l ( 350 &it) Wed Jun 30 10:34:23 1993 
Pixel Values Min 39 Max 41 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: ST1#04-10 20C #2: int-time= 50ms, offset= 0, gain=2 ( 150 ehit) Wed Jun 30 10:34:49 1993 

Pixel Values Min 77 Max 81 Mean 79.2 Sigma 0.77 x lo3 

1.60 

1.50 

1.40 

1.30 

1.20 

1.10 

1 .oo 
0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 



1.70 1 I - - ' 

0.00 50.00 100.00 150.00 200.00 250.00 

1.60 

1.50 

1.40 

1.30 

1.20 

1.10 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

r 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

- 



ST Camera: STlM4-10 20C #2: int-time=200ms, offset= 0, gain=2 ( 150 e/bit) Wed Jun 30 10:35:30 1993 
Pixel Values Min 77 Max 81 Mean 79.2 Sigma 0.78 x lo3 
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ST Camera: STlW-10 20C #2: int-time=lOOms, offset= 0, ga in4  ( 75 &it) Wed Jun 30 10:36:111993 
Pixel Values Min 142 Max 148 Mean 145.0 Sigma 0.76 x lo3 
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ST Camera: STlM4-10 -3OC #3: int-time= 50ms, offset= 0, gain=l ( 350 &it) Wed Jun 30 11:09:37 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.28 x lo3 
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ST Camera: STlM4-10 -3OC #3: int-time=lOOms, offset= 0, g a k l  ( 350 ehit) Wed Jun 30 11:09:54 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.28 x lo3 
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ST Camera: ST1#04-10 -3OC #3: int-time=2OOms, offset= 0, gain=l ( 350 &it) Wed Jun 30 1 l : l O : l O  1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.29 x lo3 
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ST Camera: ST1#04-10 -3OC #3: int-time= 50ms, offset= 0, gain=2 ( 150 e/bit) Wed Jun 30 11:10:30 1993 
Pixel Values Min 78 Max 81 Mean 79.3 Sigma 0.58 x lo3 
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ST Camera: ST1#04-10 -3OC ##: int-time=200ms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 11:ll:lO 1993 
Pixel Values Min 78 Max 81 Mean 79.3 Sigma 0.61 x lo3 
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ST Camera: STlM4-10 -3OC ##: int-time= 50ms, offset= 0, gain=4 ( 75 &it) Wed Jun 30 ll:lk26 1993 
Pixel Values Min 145 Max 149 Mean 147.0 Sigma 0.68 x lo3 
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ST Camera: ST1#04-10 -3OC #3: ht-time=lOOms, offset= 0, g a k 4  ( 75 &it) Wed Jun 30 11:11:43 1993 
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ST Camera: ST1#04-10 -3OC #3: int-time=2OOms, offset= 0, g a k 4  ( 75 ehit) Wed Jun 30 11:12:011993 
Pixel Values Min 145 Max 150 Mean 147.0 Sigma 0.70 x lo3 
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ST Camera: ST1#04-10 -3OC #3: int-the= 50ms, offset= 0, gain=l ( 350 &it) Wed Jun 30 11:51:38 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.30 x lo3 
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ST Camera: STlM4-10 -3OC ##3: int-time=2OOms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 11:52:27 1993 

Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.35 x lo3 
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ST Camera: ST1#04-10 -3OC #3: int-time= 50ms, offset= 0, gain=2 ( 150 d i t )  Wed Jun 30 115242 1993 
Pixel Values Min 78 Max 81 Mean 79.3 Sigma 0.58 x lo3 
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ST Camera: ST1#04-10 -3OC #3: int-time=lOOms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 lL53:111993 
Pixel Values Min 78 Max 80 Mean 79.3 Sigma 0.58 x lo3 
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ST Camera: ST1#04-10 -3OC #3: int-time=200ms, offset- 0, gain=2 ( 150 e/bit) Wed Jun 30 11:53:28 1993 
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ST Camera: ST1#04-10 -3OC #3: int-time= 50ms, offset= 0, gain=4 ( 75 elbit) Wed Jun 30 11:53:49 1993 
PixeI Values Min 145 Max 149 Mean 146.9 Sigma 0.68 x lo3 
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ST Camera: ST1#04-10 -3OC #3: int-time=IOOms, offset= 0, ga in4  ( 75 &it) Wed Jun 30 11:54:111993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.70 x lo3 
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ST Camera: STlM4-10 -3OC #3: int-time=200ms, offset= 0, gah=4 ( 75 &it) Wed Jun 30 11:54:29 1993 
Pixel Values Min 145 Max 150 Mean 146.9 Sigma 0.70 x lo3 
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ST.Camera: ST1#04-10 20C #3: int_time=lOOms, offset= 0, gain=l ( 350 h i t )  Wed Jun 30 12:25:47 1993 
Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: ST1W-10 20C #3: int-time=200msY offset= 0, gain=l ( 350 &it) Wed Jun 30 12:26:05 1993 
Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: ST1#04-10 20C #3: int-time=IOOms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 12:26:38 1993 
Pixel Values Min 78 Max 81 Mean 79.4 Sigma 0.75 x lo3 
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ST Camera: STlM4-10 20C #3: int-time=lOOms, offset= 0, gaind ( 75 &it) Wed Jun 30 12:27:32 1993 
Pixel Values Min 142 Max 147 Mean 145.3 Sigma 0.76 x lo3 

2.00 
I I I I - I 

1.90 

1.80 

1.70 
1.60 

1.50 

1.40 

1.30 

1.20 

1.10 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 
I 

0.30 

0.20 

0.10 

0.00 

0.00 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 

- 
- 

- 
- 
- 

50.00 100.00 150.00 200.00 250.00 



ST Camera: ST1#04-10 20C #3: int_time=200ms, offset= O, gains4 ( 75 &it) Wed Jun 30 122249 1993 
Pixel Values Min 142 Max 148 Mean 145.2 Sigma 0.76 x lo3 
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ST Camera: ST1#04-10 20C #3: int-time= 50m, offset= 0, gain=l( 350 elbit) Wed Jun 30 13:04:43 1993 
.Pixel Values Min 39 Max 40 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: STIMl4-10 20C #3: int-time=lOOms, offset= 0, gain=l ( 350 elbit) Wed Jun 30 13:05:49 1993 
Pixel Values Min 39 Max 40 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: STM04-10 20C #3: int_time=200m, offset= 0, gain=l ( 350 elbit) Wed Jun 30 13:06:29 1993 
Pixel Values Min 39 Max 40 Mean 39.4 Sigma 0.49 x’ lo3 
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ST Camera: STl#04-10 20C #3: int-time= 50m, offset= 0, gain=2 ( 150 ehit) Wed Jun 30 13:07:111993 
Pixel Values IvIin 77 Max 81 Mean 79.1 Sigma 0.77 x lo3 
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ST Camera: STlM4-10 20C #3: int-time=lOOms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 13:07:49 1993 
Pixel Values Min 77 Max 81 Mean 79.2 Sigma 0.77 x lo3 
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ST Camera: ST1#04-10 2OC #3: int-time= 50m, offset= 0, ga in4  ( 75 &it) Wed Jun 30 l3:09:18 1993 
Pixel Values Min 142 Max 148 Mean 145.0 Sigma 0.79 x lo3 
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ST Camera: STlM4-10 20C #3: int-time=200ms, offset= 0, g a h d  ( 75 ehit) Wed Jm 30 13:10:42 1993 
Pixel Values Min 142 Max 147 Mean 144.9 Sigma 0.78 x lo3 
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ST Camera: STlM4-10 -3OC #4: int-time 50ms, offset= 0, gain=l( 350 elbit) Wed Jun 30 13:46:20 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.33 x lo3 
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ST Camera: STlM4-10 -3OC #4: int-time=lOOms, offset= 0, gains1 ( 350 ehit) Wed Jun 30 13:47:07 1993 
Pixel Values Min 0 Max 0 Mean 0.0 Sigma 0.00 x lo3 
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ST Camera: STlM4-10 -3OC #4: int-time=200ms, offset= 0, gain=l( 350 ebit) Wed Jun 30 134753 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.31 x lo3 
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ST Camera: STlM4-10 -3OC #4: int-time- 50ms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 13:48:39 1993 
Pixel Values Min 78 Max 81 Mean 79.2 Sigma 0.60 x lo3 
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ST Camera: STlM4-10 -3OC #4: int-time=200ms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 13:50:011993 
Pixel Values Min 78 Max 81 Mean 79.3 Sigma 0.61 x lo3 
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ST Camera: ST1#04-10 -3OC #M: int-time= 5 h s ,  offset= 0, gain=4 ( 75 &it) Wed Jun 30 13:50:43 1993 
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Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: STlM4-10 -3OC #4: int_time=lOOms, offset= 0, gain=4 ( 75 emit) Wed Jun 30 13:51:24i 1993 
Pixel Values Min 144 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: ST1#04-10 -3OC #4: int-time= ams ,  offset= 0, gain=l ( 350 ehit) Wed Jun 30 14:21:111993 

Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.33 x lo3 
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ST Camera: ST1#04-10 -3OC #4: int-time=lOOms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 14:21:53 1993 

Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.32 x lo3 
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ST Camera: ST1#04-10 -3OC #4: int-time=200ms, offset= 0, gain=l ( 350 e/bit) Wed Jun 30 142248 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.33 x lo3 
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ST Camera: ST1#04-10 -3OC #4: int-time=lOOms, offset= 0, gain=2 ( 150 e/bit) Wed Jun 30 14:23:30 1993 
Pixel Values Min 78 Max 80 Mean 79.2 Sigma 0.57 x lo3 
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ST Camera: ST1#04-10 -3OC #4 int-time=200rnsy offset= 0, g a k 2  ( 150 elbit) Wed Jun 30 142434 1993 
Pixel Values Min 78 Max 80 Mean 79.2 Sigma 0.58 x lo3 
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ST Camera: ST1#04-10 3 0 C  #4: int-time= 50ms, offset= 0, @=4 ( 75 elbit) Wed Jun 30 142450 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: STlM4-10 -3OC #4: int-time=lOOms, offset= 0, gain=4 ( 75 &it) Wed Jun 30 14:25:10 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.68 x lo3 
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ST Camera: ST1#04-10 -3OC #4: int-time=200ms, offset= 0, gain4 ( 75 e/bit) Wed Jun 30 14:25:27 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.70 x lo3 
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ST Camera: ST1#04-10 20C #4: int-time= SOms, offset= 0, gain=l( 350 ehit) Wed Jun 30 15:01:35 1993 
Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: STl#O4-10 20C #4: int-the=lOOms, offset= 0, gain=2 ( SO dbit) Wed Jun 30’15:02:32 1993 
Pixel Values Min 77 Max 81 Mean 79.3 Sigma 0.76 x lo3 
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ST Camera: ST1#04-10 20C #4: int-time=2OOms, offset= 0, gain=2 ( 3.50 elbit) Wed Jun 30 15:02:44 1993 
Pixel Values Min 77 Max 81 Mean 79.2 Sigma 0.76 x lo3 
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ST Camera: ST1#04-10 20C #4: int-time=200ms, offset= 0, ga in4  ( 75 ehit) Wed Jun 30 15:03:24 1993 
Pixel Values Min 142 Max 147 Mean 145.0 Sigma 0.77 x lo3 
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ST Camera: STl#04-10 20C #4: int-time= 50m, offset= 0, gain=l ( 350 &it) W e d  Jun 30 15:41:02 1993 
Pixel Values Min 39 Max 41 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: ST1#04-10 20C #4: int-time=lOOms, offset= 0, gain=l ( 350 &it) Wed Jun 30 15:41:35 1993 
Pixel Values Min 39 Max 40 Mean 39.4 Sigma 0.50 x lo3 
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ST Camera: ST1#04-10 20C #4: int-time=200ms, offset= 0, gain=l( 350 &it) Wed Jun 30 15:41:46 1993 

2.40 

2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1.00 

I 

0.80 

0.60 

0.40 

0.20 

0.00 

0.00 50.00 100.00 150.00 200.00 
~ 

250.00 



I_- . -  

ST Camera: ST1#04-10 20C W. int-time= 50m, offset- 0, gain=2 ( 150 &it) Wed Jun 30 15:42:011993 
Pixel Values Min 77 Max 81 Mean 79.2 Sigma 0.77 x lo3 
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ST Camera: ST1#04-10 20C #4: int-time=lOOms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 15:42:16 1993 
Pixel Values Min 77 Max 81 Mean 79.1 Sigma 0.77 x lo3 
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ST Camera: ST1#04-10 20C #4: int_time=200msY offset= 0, gain=2 ( 150 dbit) Wed Jun 30 15:42:30 1993 
Pixel VaIues Min 77 Max 81 Mean 79.2 Sigma 0.77 x lo3 
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ST Camera: ST1#04-10 20C ##4: int-time=IOOms, offset= 0, gain4 ( 75 &it) Wed Jun 30 134257 1993 
Pixel Values Min 142 Max 148 Mean 145.0 Sigma 0.81 x lo3 
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ST Camera: ST1#04-10 20C #4: int-time=200ms, offset= 0, gain=4 ( 75 &it) Wed Jun 30 15:43:15 1993 
Pixel Values Min 143 Max 148 Mean 144.9 Sigma 0.78 x lo3 
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ST Camera: STlN4-10 -3OC #5: int-time= S m s ,  offset= 0, gain=l ( 350 &it) Wed Jun 30 16:18:50 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.37 x lo3 
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ST Camera: ST1#04-10 -3OC #5: int-time=lOOms, offset= 0, gain=l ( 350 chit) Wed Jun 30 16:19:06 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.36 x lo3 
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ST Camera: ST1#04-10 -3OC #5: int-time= ams ,  offset= 0, gain=2 ( 150 d i t )  Wed Jun 30 16:19:32 1993 
Pixel Values Min 78 Max 81 Mean 79.2 Sigma 0.57 x lo3 
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ST Camera: ST1#04-10 -3OC #5: int-timedOOms, offset= 0, gah=2 ( 150 &it) Wed Just 30 16:19:47 1993 
Pixel Values Min 78 Max 81 Mean 79.2 Sigma 0.59 x lo3 
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ST Camera: ST1#04-10 -3OC #5: int-time=200ms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 16:20:04 1993 
Pixel Values Min 78 Max 80 Mean 79.3 Sigma 0.57 x lo3 
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ST Camera: STlM4-10 -3OC #5: int-time= 50ms, offset- 0, ga in4  ( 75 elbit) Wed Jun 30 16:20:16 1993 
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ST Camera: STl#U4-10 -3OC #5: int_time=lOOms, offset= 0, gain4 ( 75 &it) Wed Jun 30 16:20:311993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: STl#KJ4-10 -3OC #5: int_time=200ms, offset= 0, g a h d  ( 75 ehit) Wed Jun 30 16:20:46 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: STl#04-10 -3OC #5: int-time= ams ,  offset= 0, g a k l  ( 350 &it) Wed Jun 30 16:55:59 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.36 x lo3 
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ST Camera: STlM4-10 -3OC #5: int-time=lOOrns, offset= 0, gain=l ( 350 &it) Wed Jun 30 16:56:13 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.33 x lo3 
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ST Camera: ST1#04-10 -3OC #5: int-time=200ms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 16:56:25 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.31 x lo3 
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ST Camera: STlM4-10 -3OC #5: int-time=lOOms, offset= 0, gain=2 ( 150 ehit) Wed Jun 30 165654 1993 
Pixel Values Min 78 Max 80 Mean 79.2 Sigma 0.58 x lo3 
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ST Camera: STlM4-10 -3OC #5: int_time=2OOms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 16:57:13 1993 
Pixel Values Min 78 Max 81 Mean 79.2 Sigma 0.60 x lo3 
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ST Camera: STlM4-10 -3OC #5: int-time= 5 h s ,  offset= 0, gain4 ( 75 emit) Wed Jun 30 165229 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: STlW4-10 -3OC #5: int-time=lOOms, offset= 0, ga in4  ( 75 h i t )  Wed Jun 30 165242 1993 
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ST Camera: STlM4-10 -3OC #5: int_time=200ms, offset= 0, gaind ( 75 &it) Wed Jun 30 165253 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.69 x lo3 
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ST Camera: ST1#04-10 20C #5: int-time=lOOms, offset= 0, gain=l ( 350 &it) Wed Jun 30 123439 1993 
Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: ST1#04-10 20C #5: ht-time=200ms, offset= 0, gain=l ( 350 elbit) Wed Jun 30 123450 1993 
Pixel Values Min 39 Max 40 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: STlM4-10 20C #5: int-time=lOOms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 123916 1993 

1.90 

1.80 

1.70 

1.60 

1.50 

1.40 
1.30 

1.20 

1.10 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

1 

0.00 50.00 100.00 150.00 200.00 250.00 



ST Camera: ST1#04-10 20C #5: int-time=20Omsy offset= 0, gain=2 ( 150 &it) Wed Jun 30 123230 1993 
Pixel Values Min 77 Max 81 Mean 79.3 Sigma 0.75 x lo3 
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ST Camera: ST1#04-10 20C #5: int-time= 50- offset- 0, gain=4 ( 75 elbit) Wed Jun 30 123946 1993 
Pixel Values Min 142 Max 148 Mean 145.1 Sigma 0.78 x lo3 
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ST Camera: STlW-10 20C #5: int-the=200ms, offset= 0, gain=4 ( 75 elbit) Wed Jun 30 17:36:24 1993 
Pixel Values Min 142 Max 148 Mean 145.2 Sigma 0.76 x lo3 

2.20 I I I I I 
2.10 

2.00 
1-90 
1.80 

1.70 
1.60 

1.50 

1.40 
1.30 

1.20 

1.10 
1.00 
0.90 

0.80 
0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 
0.00 

- 

- 

- 
- 

- 

- 

- 

- 

- 
- 

- 
- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- i 



ST Camera: STlM4-10 20C #5: &-time= 50ms, offset= 0, gain=l( 350 &it) Wed Jun 30 18:14:311993 
Pixel Values Min 39 Max 40 Mean 39.4 Sigma 0.48 x lo3 
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ST Camera: ST1#04-10 20C #5: int-time=200ms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 181455 1993 
Pixel Values Min 38 Max 40 Mean 39.4 Sigma 0.49 x lo3 
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ST Camera: ST1#04-10 20C #5: int-time=200ms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 18:15:311993 
Pixel Values Min 77 Max 8 1 Mean 79.1 Sigma 0.77 x lo3 
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ST Camera: STlM4-10 20C #5: int-time= 50m, offset= 0, gain=4 ( 75 elbit) Wed Jun 30 18:15:43 1993 
Pixel Values Min 142 Max 148 Mean 144.8 Sigma 0.82 x lo3 

2.00 

1.90 
1.80 

1.70 
1.60 

1.50 

1.40 

1.30 

1.20 

1.10 

1.00 

0.90 

0.80 

0.70 

0.60 
0.50 

0.40 

0.30 

0.20 
0.10 

- 
- 
- 
- 
- 
- 
- 

- 

- 
- 
- 
- 
- 

- 
- 
- 

- 

- 
- 
- 

-0.10 I I I I 1 I I 
0.00 50.00 100.00 150.00 200.00 250.00 

1 



.- 

2.20 - ' I I I - 

ST Camera: ST1#04-10 20C #5: int-time=lOOms, offset= 0, gain=4 ( 75 ehit) Wed Jun 30 18:15:57 1993 
Pixel Values Min 142 Max 147 Mean 144.9 Sigma 0.78 x lo3 
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ST Camera: STlW-10 20C #5: int-time=200ms, offset= 0, gain4 ( 75 &it) Wed Jm 30 18:16:15 1993 
Pixel Values Min 142 Max 147 Mean 144.9 Sigma 0.78 x lo3 
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ST Camera: ST1#04-10 -3OC #6: int-time= 50ms, offset= 0, gain=l( 350 &it) Wed Jun 30 185350 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.34 x lo3 
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ST Camera: STlM4-10 -3OC #6: int-time=2OOms, offset= 0, gain=l ( 350 ehit) Wed Jun 30 18:54:20 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.34 x lo3 
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ST Camera: ST1#04-10 -3OC #6: int-time= ams ,  offset= 0, gain=2 ( 150 &it) Wed Jun 30 185434 1993 
Pixel Values Min 78 Max 80 Mean 79.2 Sigma 0.57 x lo3 
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ST Camera: STIM4-10 -3OC #6: int-time=IOOms, offset= 0, gain=2 ( 150 ehit) Wed Jun 30 18:54:46 1993 
Pixel Values Min 78 Max 81 Mean 79.2 Sigma 0.58 x lo3 
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ST Camera: STlM4-10 -3OC #6: int-time=200msY offset= 0, gain=2 ( 150 &it) Wed Jun 30 185502 1993 
Pixel Values Min 78 Max 80 Mean 79.2 Sigma 0.58 x lo3 
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ST Camera: ST1#04-10 -3OC #6: int-time= 50ms, offset= 0, gain4 ( 75 elbit) Wed Jun 30 185514 1993 
Pixel Values Min 144 Max 149 Mean 146.8 Sigma 0.69 x lo3 
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ST Camera: ST1#04-10 -3OC #6: int-the=lOOms, offset= 0, gain=4 ( 75 chit) Wed Jun 30 185529 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.70 x lo3 
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ST Camera: ST1#04-10 30C #6: int he=200ms, offset= 0, gain=4 ( 75 ehit) Wed Jun 30 185542 1993 - 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.72 x lo3 
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ST Camera: ST1#04-10 -3OC #6: int-tirne=lOOms, offset- 0, gain=l ( 350 &it) Wed Jun 30 19:33:14 1993 
Pixel Values Min 39 Max 41 Mean 39.9 Sigma 0.32 x lo3 
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ST Camera: ST1#04-10 -3OC #6: int-the=lOOms, offset= 0, gain=% ( 150 elbit) Wed Jun 30 19:33:48 1993 
Pixel Values Min 78 Max 80 Mean 79.2 Sigma 0.57 x lo3 
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ST Camera: STlM4-10 -3OC #6: int-time= 50ms, offset= 0, gain4 ( 75 &it) Wed Jun 30 19:34:10 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.70 x lo3 
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ST Camera: STlM4-10 -3OC #6: int-the=200ms, offset= 0, g a k 4  ( 75 elbit) Wed Jun 30 19:34:34 1993 
Pixel Values Min 145 Max 149 Mean 146.9 Sigma 0.70 x lo3 
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ST Camera: ST1##04-10 20C #6: int-time= 50ms, offset= 0, g a k l  ( 350 elbit) Wed Jun 30 20:07:25 1993 

Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: ST1#04-10 20C #6: int-tirne=lOOms, offset= 0, gain=l( 350 elbit) Wed Jun 30 20:07:42 1993 
Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: STlM4-10 20C #6: int-time= 50ms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 20:08:10 1993 
Pixel Values Min 77 Max 81 Mean 79.4 Sigma 0.74 x lo3 
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ST Camera: STlM4-10 20C #6: int-time=lOOms, offset= 0, gain=2 ( 150 chit) Wed Jun 30 20:08:211993 
Pixel Values Min 77 Max 81 Mean 79.4 Sigma 0.77 x lo3 
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ST Camera: ST1#04-10 20C #6: int-time=2OOms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 20:08:411993 
Pixel Values Min 77 Max 81 Mean 79.3 Sigma 0.75 x lo3 
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ST Camera: STlM4-10 20C M: int-time= 50m, offset= 0, gain=4 ( 75 &it) Wed Jun 30 20:08:59 1993 
Pixel Values Min 143 Max 148 Mean 145.2 Sigma 0.77 x lo3 
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ST Camera: STlM4-10 20C #6: int_time=lOOms, offset= 0, gain=4 ( 75 elbit) Wed Jun 30 20:09:111993 
Pixel Values Min 143 Max 148 Mean 145.2 Sigma 0.76 x lo3 
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ST Camera: ST1#04-10 20C #6: int-time=200ms, offset= 0, gain4 ( 75 ehit) Wed Jun 30 20:13:04 1993 
Pixel Values Min 142 Max 148 Mean 145.1 Sigma 0.77 x lo3 
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ST Camera: ST1#04-10 20C #6: int-time= 50ms, offset= 0, gain=l(350 elbit) Wed Jun 30 20:48:111993 
Pixel Values Min 38 Max 40 Mean 39.3 Sigma 0.47 x lo3 
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ST Camera: STlM4-10 20C #6: int-time=200ms, offset- 0, gain=l ( 350 elbit) Wed Jun 30 20:48:35 1993 
Pixel Values Min 39 Max 40 Mean 39.3 Sigma 0.47 x lo3 
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ST Camera: ST1#04-10 20C #6: int-time= 50ms, offset= 0, gain=2 ( 150 elbit) Wed Jun 30 20:48:47 1993 
Pixel Values Min 77 Max 81 Mean 79.0 Sigma 0.77 x lo3 
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ST Camera: STlM4-10 20C #6: int-time=lOOms, offset= 0, gain=2 ( 150 &it) Wed Jun 30 20:48:59 1993 
Pixel Values Min 77 Max 81 Mean 79.0 Sigma 0.77 x lo3 
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ST Camera: ST1#04-10 2OC #6: ht-time=lOOms, offset= 0, gah=4 ( 75 &it) Wed Jun 30 20:49:36 1993 
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ST Camera: ST1#04-10 20C #6: int-time=200ms, offset= 0, gain=4 ( 75 ehit) Wed Jun 30 20:49:49 1993 
Pixel Values Min 142 Max 148 Mean 144.7 Sigma 0.83 x lo3 
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ST Camera: ST1#4-10 2OC: int_time=lOOms, offset= 0, gain=l( 350 dbit) Fri Jul 2 12:22:58 1993 
Pixel Values Min 43 Max 49 Mean 43.9 Sigma 0.35 x lo3 
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ST Camera: ST1#4-10 20C: int-time= 50m, offset= 0, gain=2 ( 150 elbit) Fri Jul 2 12:23:23 1993 
Pixel Values Min 82 Max 88 Mean 83.3 Sigma 0.64 x lo3 
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ST Camera: ST1#4-10 2OC: int-time=200ms, offset= 0, gain=2 ( 150 &it) Fri Jul 2 12:23:45 1993 
Pixel Values Min 98 Max 124 Mean 102.1 Sigma 1.24 x lo3 
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ST Camera: ST1#4-10 20C: ht-time=lOOms, offset= 0, gain=4 ( 75 &it) ki Jul 2 12:24:12 1993 
Pixel Values Min 161 Max 185 Mean 165.3 Sigma 1.40 x lo3 
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ST Camera: ST1#4-10 20C: int-time=200ms, offset= 0, gain=4 ( 75 &it) Fri Jul 2 122425 1993 
Pixel Values Min 183 Max 231 Mean 189.2 Sigma 2.34 x lo3 
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ST Camera: ST1#4-10 20C: int-time= 50m, offset= 0, gain=l ( 350 &it) h i  Jul 2 11:42:15 1993 
Pixel Values Min 41 Max 44 Mean 41.3 Sigma 0.45 x lo3 
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ST Camera: ST1#4-10 2OC: int_time=lOOms, offset= 0, gain=l(350 &it) Fri Jul 2 11:42:29 1993 
Pixel Values Min 43 Max 49 Mean 43.9 Sigma 0.36 x lo3 



ST Camera: ST1#4-10 2OC: int-time=200ms, offset= 0, gain4 ( 350 &it) Fri Jul 2 11:42:411993 
Pixel Values Min 48 Max 59 Mean 49.6 Sigma 0.60 x lo3 
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ST Camera: ST1#4-10 20C: int-time= 50ms, offset= 0, gaind ( 75 &it) Fri Jul 2 11:43:35 1993 
Pixel Values Min 150 Max 164 Mean 152.8 Sigma 1.19 x lo3 
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ST Camera: ST1#4-10 20C: int-time=lOOms, offset= 0, gain=4 ( 75 elbit) Fri Jul 2 11:43:46 1993 
Pixel Values Min 161 Max 184 Mean 165.2 Sigma 1.44 x lo3 
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ST Camera: ST1#4-10 20C: int-the=200ms, offset= 0, gain=4 ( 75 &it) Fri Jul 2 11:43:57 1993 
Pixel Values Min 183 Max 235 Mean 189.0 Sigma 2.33 x lo3 

1.00 

0.95 
0.90 

0.85 

0.80 

0.75 

0.70 

0.65 

0.60 

0.55 

0.50 

0.45 

0.40 

0.35 
0.30 

0.25 

0.20 

- 

- 
- 
- 
- 
- 
- 

- 

- 
- 

- 
- 
- 
- 
- 
- 
- 

0.00 0.05 :::_ ’ L : 



2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1 .oo 

' 0.80 

0.60 

0.40 

0.20 

0.00 

cb*~, thd *< HE&% 

ST Camera: ST1#4-10 -3OC: int-time= SOms, offset= 0, gain=l ( 350 ehit) Fri Jul 2 11:04:57 1993 
Pixel Values Min 39 Max 41 Mean 39.4 Sigma 0.50 x lo3 
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ST Camera: ST1#4-10 -3OC: int-time=lOOrns, offset= 0, gain=l ( 350 elbit) Fri Jul 2 11:05:09 1993 
Pixel Values Min 39 Max 41 Mean 39.5 Sigma 0.50 x lo3 
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ST Camera: ST1#4-10 -3OC: int-time= 50m, offset= 0, gain=2 ( 150 &it) Fri JuI 2 11:06:03 1993 
Pixel Values Min 77 Max 80 Mean 78.7 Sigma 0.57 x lo3 
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ST Camera: ST1#4-10 -3OC: int_time=200ms, offset= 0, gain=2 ( 150 &it) F’ri Jul 2 11:06:28 1993 
Pixel Values Min 77 Max 80 Mean 78.9 Sigma 0.59 x lo3 

I I I I I 
- 



2.20 

2.00 

1.80 

1.60 

1.40 

1.20 

1 .oo 

0.80 

0.60 

0.40 

0.20 

0.00 

ST Camera: ST1#4-10 -3OC: int-time= 50ms, offset= 0, gain=4 ( 75 &it) Fri Jul 2 11:06:39 1993 
Pixel Values Min 144 Max 149 Mean 146.2 Sigma 0.70 x lo3 



ST Camera: ST1#4-10 -3OC: int-time=lOOms, offset= 0, ga in4  ( 75 &it) Fri Jul 2 11:06:50 1993 
Pixel Values Min 144 Max 149 Mean 146.3 Sigma 0.69 x lo3 
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ST Camera: ST1#4-10 -3OC: int-time=200ms, offset= 0, gaind ( 75 &it) Fri Jul 2 11:07:05 1993 
Pixel Values Min 144 Max 149 Mean 146.4 Sigma 0.70 x lo3 
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ST Camera: ST1#4-10 -3OC: int-time= 50ms, offset= 0, gain=l ( 350 ehit) Fri Jul 2 10:32:59 1993 
Pixel Values Min 39 Max 41 Mean 39.4 Sigma 0.50 x lo3 
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ST Camera: ST1#4-10 -3OC: int-time= 50m, offset= 0, g a k 2  ( 150 ehit) Fri Jul 2 10:33:37 1993 
Pixel Values Min 77 Max 80 Mean 78.7 Sigma 0.57 x lo3 
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ST Camera: ST1#4-10 30C: int_time=200ms, offset= 0, gain=2 ( 150 &it) Fri Jul 2 10:34:111993 
Pixel Values Min 77 Max 80 Mean 78.8 Sigma 0.58 x lo3 



ST Camera: ST1#4-10 -3OC: ht-time= 50ms, offset= 0, gain=4 ( 75 ehit) Fri Jul 2 10:34:29 1993 
Pixel Values Min 144 Max 148 Mean 146.2 Sigma 0.72 x lo3 
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Pixel Values Min 144 Max 149 Mean 146.3 Sigma 0.69 x lo3 

- J I I I I I 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

- 
- 

- 
- 
- 

I j - 
- I I I I I I 
0.00 50.00 100.00 150.00 200.00 250.00 



1nkAL =Jr 
ST Camera: STl#rl-lOhtrtst: int-time= 50ms, offset= 0, gain=l ( 350 &it) Fri Jul 2 09:50:09 1993 

Pixel Values Min 41 Max 44 Mean 41.5 Sigma 0.50 x lo3 
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ST Camera: STl#rl-lOhtrtst: int_time=lOOms, offset= 0, gain=l ( 350 &it) Fri Jul 2 09:50:22 1993 
Pixel Values Min 43 Max 50 Mean 44.2 Sigma 0.40 x lo3 
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ST Camera: ST1#4-lOhtrtst: int_time=200ms, offset= 0, gain=l ( 350 d i t )  Fri Jul 2 09:50:33 1993 
Pixel Values Min 49 Max 61 Mean 50.2 Sigma 0.61 x lo3 
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ST Camera: STl#rl-lOhtrtst: int-time= 50ms, offset= 0, gain=2 ( 150 &it) Fri Jul 2 09:50:44 1993 
Pixel Values Min 82 Max 89 Mean 84.1 Sigma 0.77 x lo3 
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ST Camera: STl#cl-lOhtrtst: int-time=lOOms, offset= 0, gain=2 ( 150 &it) Fri Jul 2 09:50:57 1993 
Pixel Values Min 88 Max 102 Mean 90.7 Sigma 0.86 x lo3 
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ST Camera: ST1#4-lOhtrtst: int-time=200ms, offset= 0, gain=2 ( 150 dbit) Fri Jul 2 09:51:09 1993 
Pixel Values Min 101 Max 130 Mean 104.4 Sigma 1.38 x lo3 
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ST Camera: ST1#4lOhMst: int-time= 50m, offset= 0, gain=4 ( 75 &it) Fri Jul 2 09:51:26 1993 
Pixel Values Min 151 Max 165 Mean 155.0 Sigma 1.18 x lo3 
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ST Camera: ST1#4-lOhtrtst: int-time=200ms, offset= 0, gain=4 ( 75 ebit) Fri Jul 2 09:51:58 1993 
Pixel Values Min 187 Max 238 Mean 194.3 Sigma 2.62 
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1.1. Scope 

This document is the LLNL Clementine sensor acceptance test procedure for the DSPSE spacecraft. It 
defines the optical, mechanical, thermal, electrical, and software tests necessary to verify the 
functionality of the sensors for the Clementine Sensor Integration Project at NRL 

The subsystems associated with the sensor data acquisition verification process are shdwn in Figure 1.1. 

Figure 1.1 Sensor Test & Verification Subsystems 

LLNL will provide a Pre-Integration Sensor Acceptance Testing, verification, and a debug platform using 
interfaces which imitates the S/C interface. 'Ihe LLNL Setup is shown in Figure 1.2 

LLNL Date 
Acquisition 

system 
WNisible 

LIDAR I 
4 Star Tracker-B I 

LWIR I 
Figure 12 Pre-Spacecraft-Integration Sensor Verification Model 
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1.2. Verification Modes 
/ 

Two verification modes are defined for this verification plan. These are 1) Functional verification and 
2) Performance Verification. -. 

Functional verification is defined as an application of a test at nominal spacecraft conditions; i.e. 
voltages and ambient (room) temperatures. These environmental parameters must be maintained 
within the acceptable ranges for all components included in the test and are summarized below. 

Performance verification is defined as an application of a test at the full range of space conditions; i.e. 
Max-min voltages and temperatures. These environmental parameters must be maintained within the 
acceptable ranges for all  components included in the test and are summarized below. 

Each verification test in this plan will include the operational parameters (for temperature, voltages, 
etc.) that are necessary for the above listed verification modes. 

1.2.1. Verification Tests 

The followings tests will be performed on each sensor: 
Sensor Physical Examination (LLNL) 
Filter Positioner (LLNL) 
Electrical Wave-form (LLNL) 
SASI Command Set (LLNL) 
DarkField(LLNL) 
Image Field Analysis (LLNL) 
Flat Field (LLNL) 

The Naval Research Laboratory will need to provide the additional tests listed below to complete the 
test suite for the sensors at NRL. 

*. 

Radiometric Sensitivity (NRL) 
Point Spread Function (NRL) 
SIP-DHU-Sensor Interface (MIL) 
Sensor Timeout (NRL) 
Image Compression/Decompression (NRL) 
Boresight Alignment (NRL) 
Sensor Data Telemetry (NRL) 
Sensor Software Algorithms (NRL) 

Each of the procedures allows a comparison to the calibrations performed at LLNL. A comparison of 
the results of the sensor verification tests and the LLNL calibrations will be made. 

Sensor Verification Test Procedure 
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1.3. .Doarments 
-.. 

. -. 
5 

1.3.1. LLNL Documents 
.- 

Interface Control Documents 
LIDAR High Resolution Camera/Range. Receiver C1-!34-008 

c1-!34-011 LJDAR Laser Transmitter Assembly 
Cl-S2-008 W /Visible Camera 
C1-S1-010 Star Tracker Camera 
Cl-S3-008 Near Infrared Camera 
Cl-S3A-006 Long wave Infrared Camera 

. I  

Performance Specifications 
I TBD LIDAR High Resolution Camera/Range Receiver I 

TBD 
TBD W /Visible Camera 
TBD Star Tracker Camera . 
TBD Near Mared Camera 
TBD Long wave Infrared Camera 

, JJDAR Laser Transmitter Assembly 

1.4. Environments & Handling Procedures 

1.41. Anti Static Environment 

The sensors are electrostatic sensitive devices and will be handled in a manner so as to prevent damage 
due to static charge. This will include the grounding of the operator (grounded wrist band), camera, 
working surface, and conductive floor mats to a common point. The sensors will be sealed in a anti-static 
bag before leaving the anti-static environment and will be packed in its aluminum case when being 
transported. 

1.42 Contamination 

All sensors must be maintained within a contamination environment specified in their 10 ’s .  The 
Sensor usage and environment must be logged in order to maintain the proper level of contamination 
prior to flight. Analysis of exposure levels and usage will be periodically verified. 

To prevent dust from accumulating on the optics, a mask and lint-free gloves shall be worn when in close 
proximity to the uncovered sensor. The sensor lens and baffle shall be covered at all times when the 
camera is not in use. 

1.4.3. Temperature 

Temperature limitations placed upon the sensors are in terms of the Base Plate temperature, CCD 
temperature and the lens temperature. The base plate temperature limits are specified to protect the 
electronic and mechanical parts from thermal damage. The CCD temperature limits are primarily 
concerned with achieving required CCD performance. The lens temperature limits are concerned with 
the performance of the STC optics and the protecting them from thermal damage. The various - 
temperature limits are described below: 

1- Operational-In-Spec - This is the temperature range which is required in order to achieve sensor 
performance requirements. 

Sensor Verification Test Procedure 
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. . -- 

2- Operation-Out-Spec - This is the temperature range which is required in order to prevent damage to 
the sensor while maintaining a functional state. Damage and/or a reduction in reliability can occur 
to a sensor because the electronic junction temperatures are outside operating limits. This 
temperature limit will prevent the worst case electronic component from exceeding its maximum, 
derated, junction temperature. Maximum junction temperatures are derated according to thermal 
design and reliability requirements. 

,- 

During all tests the CCD, base plate, and where appropriate, lens temperatures must be monitored on a 
continuous basis. If the node temperature exceeds the specifications listed in the sensor ICD, then the 
test must be terminated until all temperature conditions return with the specified limits. 

1.4.4. Humidity 

The environment in which the tests are to take place shall be maintained at a relative humidity 
between 40 and 70%. At no time shall condensation occur. 

Sensor Verification Test Procedure 
Draft-C: August 2,1993 6 



Operator: . -1 
2.1. 

2.2. 

2.3. 

2.4. 

Applicable Sensors: 
qkstar?i.acker .3= ow-VLS OHiRes 
P Laser Transmitter ONIR OLWIR 

Data Storage Locations: 
Images: NONE 
Temp : NONE 

purpose: 

Upon arrival of each sensor at NRL, a physical examination will be pdformed to check for any damage 
that may have occurred during shipping. This will include verification of the serial number and a 
visual check of the structure, optics, baffles, and all connectors. 

Test Environment & Procedure 

WVerify that the sensor Certification Log has an exposure log in the front of the book, and that it has 
been started. 

Et' Verify that the sensor Certification Log has work sheets to log all sensor activities and has been 

d u n p a c k  the sensor using the "Sensor ~ctivity Log Sheet LLNL-SAILSZ!+ (Enter ~ ~ m b e r  
here) , "Preparation & Grounding" section. Note on the LLNL-SAL that other sections are skipped 
due to the nature of the verification test 

started. 

d Log the execution of the "LLNL Physical Examination Test" in the sensor certification log. 

Log or verify the following: 

d O'Verify that the sensor has the proper sensor identification and LLNL property tag. (Lo ) 
EYVerify that Sensor shorting plugs are present. 

d v e r i f y  the presence of connector savers on all sensor connectors. 

<Verify that the sensor has a baffle cover and that it is labeled to its sensor 

d N o t e  any loose screws, broken staking, or other physical damage. 

d N o t e  the condition of the optics and any contamination found. - -  

dVer i fy  that the sensor has flying leads for the lens temperature, and lens heater and that ther is no 
apparent damage. 
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.. . 

0 Store the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) , "Securing the Sensor" section. 

Sheet. - 
0 When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary Q . 

2.5. Performance Analysis & Reporting Criterion 

No post processed data reduction is necessary for this test. The report shall contain a detailed 
description of the results of the examination steps outlined in the test procedure. 

Sensor Verification Test Procedure 
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. . . . . . . .. . . . . . . . . 

c 

-- 
3.1. Applicable Sensors: 

3.2. Data Storage Locations: 

3.3. 

Images: 
Data: 
Temp : 

Purpose: 

NONE 
/dspse/<Sensor>/filterPos/date/<sensomame.filtertesb 
/dspse/<Sensor> /filterPos/date/temperature-logdata 

Verify the step operation and position status of the sensor's filter wheel. 

Test Environment & Procedure 

WUnpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 

0 At Power-On, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: csensorID> - LLNL-SAL-xxxxx.temp. 
Example: W311-LLNL-SAL-0016.temp 

0 Log the execution of the "LLNL Filter Positioner Test" in the sensor certification log. 

0 Step, settle and read the filter on the sensor using the filter position driver software 
"filterStepTest" for loo0 revolutions of the filter wheel. 

0 When testing has been completed, turn the power to the sensor off arid close the temperature data 
log file on the macintosh. 

The software will verify that the filterwheel stops at the correct position each time by comparing the 
SASI command expected position (software state machine) and the position obtained by sending a SASI 
request for filter position command. 

0 Note Any exceptions in the test 

Store the sensor using/completing the "Sensor Activity Log Sheet (LLNL-SAL) 

When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 
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3.5. Perfomance Analysis & Reporting Criterion 

Note any software exeception that were generated (due to mis synchronization of the software state 
machine and the physical hardware). 

Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 

r 
' 

- 

. 
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Operator: Date: 

4.1. Applicable Sensors 
*tafrracker 3\3 ow-VIS 
Cl Laser Transmitter o m  QLWlR 

I 

4.2. Data Storage Locations 

-=%=- 
Temp : 

4.3. purpose 

Verify the sensor logical waveform tranisitions, timings, switching characteristics in 'a single 
[OPTIONAL: or multiple] sensor bus environment. 

Verify that the sensor powers up with its bus drivers tri-stated. 

4.4. Test Environment & Procedure 

c( Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 

/At Power-On, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensor- -'LLNL-SAL-xxxxx.temp. 
Example: UV311-LLNL-SAL4016.temp -2b 

0-Log the,execution of the "LLNL Electrical Waveform Test" in the sensor certification log. 

B'Run this test at ambient conditions, monitor and logging temperature profiles of the CCD and 
baseplate temperature. 

Use the Lecroy Oscilloscope and set the following Parameters. 

t9.Lecroy Function E is ON and set to Math function: (Channel1 - Channel2) 
Place the raw data differential output (channell) on the top of the screen, and the (Channell - 
channeI2) subtraction on the bottom of the screen. . 

Calibrate the probes to a flat response on the Scope calbiration point. Then Remove any bias from 
the probes for the channel-1 - Channel 2) subtraction function. 

h~rn the program "tv" on the sun system. 

Sensor Verification Test Procedure 
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.-- . 

Using an integration time of looms obtain plots of each of the following differential driver outputs at 
the MDM-51 Breakout Box: 

Vram Pins: U11-XX and U17-YY are grounds for &e single Ended Signals. 

Verify log and 
Pixel Clock Rate: 

p 
,. 

Verify, log and plot the 
Line Time: 

e for the sensor based on the High-State of Pixval. 

6 Verify, log and plot the the sensor based on the Low-state of Pixval. 
Interline Time: 

e$ Verify log and plot the Frame Readout Time based on the High-State of Vsync. 
Frame Time: o m  

For an integration time of: 

tarTracker :lOOmSec 
E i r :  100 msec 

c3 HiRes :lOOmSec 
0 LWIR :lOOmSec 

Ll w-VIS : 1oomsec 

Generate a detailed logic timing diagram (using the HP Data Analyzer) 
Beginning of the Frame Transfer 
End-Of-Frame Transfer 

E( Sasi Command Transaction, showing CMDCLK, CMDSTAT, CMDDAT 

@ When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. 
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0 Note Any exceptions in the test 

0 Store the sensor using/completing the "Sensor Activity Log Sheet (LLNL-SAL) 

c1 When the test is successfully completed, Update the LLNL Sensor AcceptanceTesting Summary 
Sheet. 

4.5. Performance Analysis & Reporting Criterion 

Plot both Logic Timing Transitions, and Waveform Transitions for the Data acquired in the test 
procedure. 

Verify that the both the timing and Waveform Transitions meet ICD specifications. 

Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 

< 
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5.1. 

5.2. 

5.3. 

5.4. 

Operator: Date: - 
Applicable Sensors: 

P StarTradcer OW-VIS OHiR€S 
P Laser Transmitter PNiR PLWIR 

Data Storage Locations: 

Images: NONE 
temp : /dspse/<Sensor>/sasiCmd/date/ temperaturelogdata 

Purpose: 

Test the sensors parameter memory against valid and invalid SASI commands. This test will use 
computer software to run through all the possible permutations of SASI commands, and verify that the 
parameter memory state is properly modified by proper SASI commands, and not modified by illegal 
commands. 

The Test will also ensure that a sensor will not come on the bus if an illegal command is sent while the 
sensor's drivers are tri-stated. 

Test Environment & Procedure 

0 

P 

P 

P 

CI 

0 

Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 
Log the execution of the "LLNL Physical Examination Test" in the sensor certification log. 
Use a class loo0 or better environment if possible. 

At Powera ,  Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorlD> - LLNL-SAL-xxxxx.temp. 
Example: UV311-LLNL-SAL-OO16.temp 

When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. . 

Store the sensor using/completing the "Sensor Activity Log Sheet (LLNL-SAL) 
Use aclass loo0 or better environment if possible. 

When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 

Note Any exceptions in the test 

Sensor Verification Test Procedure 
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. ..... 

/- 

5.5. Performance Analysis & Reporting Criterion - 
Sofware should report the status of both good and bad SASI commands, reporting any anomolies that 
were generated while testing all possible data inputs to the sensor. 

Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. ., 

I 

, 
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Operator: s)Pd Date: g-2-73 

75- 

150- 

6.1. 

6.2. 

6.3. 

6.4. 

Gain Position 
DarkCloth N/A 

DarkCloth N/A 

Applicable Sensors: 
PStarTrak c T  313 Puv-VIS OHiR€S 
0 Laser Transmitter QNIR OLWIR 

HiRes 

Data Storage Locations: 
Images: / d s p s e / < S e n s o r > / d a r k e l d / d a t e / < s e n s o m a m  
Temp : /dspse/<Sensor>/darkField/date/ temperature-logdata 

CI 250 
0 50 
P 100 
0 200 

Purpose: 
The dark field images recorded will be used to measure the dark current and dark current uniformity at 
a known temperature. These values will be used to verify the dark figld sensitivity to integration time 
and the fixed pattern noise as measured at LLNL. . 

Test Environment i% Procedure 
This test is performed in at ambient temperature [OPTIONAL with a cooled base-plate], recording 

F Log the execution of the "LLNL Dark Field Uniformity Test" in the sensor certification log. 

QdPower the sensor and allow the sensor to come to thermal equilibrium for 15 minutes. 

dark field images and the temperature environment at which they were obtained. 

Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 

At Power-On, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorID> - LLNL-SAL-xxxxx.temp. 
Example: UV311-LLNL-SAL~16.temp 

Take 5 dark fields images with the appropriate source for the listed integration times: 

SensOr 

StarTracker 

uv-VIS 

I 

LWIR I 

Off set 

0 

Gain lsoutce I Intensifier I Filterwheel I 

c 300,350' 
I Baseplate I I 
1 
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[OPTIONAL For LLNL CCD sensor take images at each of a 5,10,15" C baseplate temperatures] 

9 Make a READMEJMAGES in the image directory (/dspse/sensor/darkField/date) file to describe 
/ 

the images taken in the sequence. Include the following line for each sensor: - 
Filename Infegrafion fime=xxx Gain=xxx Offsef=xxx 

4 
a 

0 

0 

Record the temperature conditions of the following: Ambient temperature, sensor baseplate 
temperature, CCD temperature, lens temperature, relative humdiQ. 

When testing has been completed, turn the power to the sensor off and close the, temperature data 
log file on the macintosh. 

cc- a9"c h e &  2 G  6 

Store the sensor using/completing the "Sensor Activity Log Sheet (LLNL-SAL) 
Use aclass loo0 or better environment if possible. 

When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. , 

Note Any exceptions in the test 

6.5. Performance Analysis & Reporting Criterion 

The Dark Field Uniformity Report Shall contain the following 

0 Histogram showing the distribution of the image field pixel values, notated with temperatures. 

0 Plot showing the integration time VS (Averaged) Dark Current for both a entire frame and defined 
regeion. (mean, StdDev, Var) 

0 [Optional] Plot showing the (averaged) dark current VS temperature 

0 Compare the Dark current wiht LLNL calibration Summary Report 

Plot an Image Field showing the Fixed Pattern noise of the summation of each Integration times images 
(10-20each). 

Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 
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8-3-  j3 Operator: 'DQd Date: 

Gain Source 

75 CassiopeiaSource 
150 &w&eath 
350 

Dark Cloth 
Dark Cloth 
Dark Cloth 
Dark Cloth 
Dark Cloth 
Dark Cloth 
300" 

7.1. 

Intensifier 
Gain 
N/A 

7.2. 

7.3. 

7.4. 

Applicable Sensors: 
pswmcker 5 7 3 %  aw-VIS aHiRes 
0 Laser Transmitter ONIR PLWlR 

Data Storage Locations: 
Images: /dspse/<Sensor>/imageField/date/<sensomame.imag~~ben 
Temp : /dspse/<Sensor> /imageField/date/ temperature-logdata 

Acquire and store a re-creatable image field for analysis. 

Test Environment & Procedure 

, 

'4r Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 
Log the execution of the "LLNL Image Field Analysis Test" in the sensor certification log. Use a 
class loo0 or better environment if possible. 

p;I At Power-On, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorID> - LLNL-SAL-xxxxx.temp. 
Example: W311-LLNL-SAL-0016.temp 

For Each Filter Position 

Using a StarField Generator, or Opto- Image 

Vary Integration time and Gain to produce peak pixel of -220 digital counts 

Sensor 

StarTracker 

uv-VIS 

HiRes 

NIR 

LWIR 

Integration 
Times 
a 100 
a 200 
61 300 
0 50 
a 1 0 0  
0 200 
0 50 
a 200 
0 250 

Offset 

0 
0 
0 
0 
0 
0 
10 
0 
~0 

I 

Filter 
Position 
N/A 

0 When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. 

Sensor Verification Test Procedure 
Draft-C: August 2, 1993 19 



cl 

0 

0 

Store the sensor using/completing the "Sensor Activity Log Sheet (LLNL-SAL) 

When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 

.- 

Note Any exceptions in the test 

7.5. Performance Analysis & Reporting Criterion 

0 

0 

Generate PSF for Point Source at a Pixel near the center of the Field of View and 4 points evenly 
spaced off axis. 

Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 
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Opera tor: Date: 

8.1. 

8.2. 

8.3. 

Applicable Sensors: 

CI S tarTracker CI uv-VIS CI HiRes CI Laser Transmitter 
CI NIR Cl LWIR 

Data Storage Locations: 
Images: /dspse/cSensor>/flateld/date/<sensomame.imagenumber> 
Temp : /dspse/<Senson/flatField/date/temperature-logdata 

purpose 
A verification of the LLNL absolute radiometric calibration will be performed on the sensors with an 
accuracy of TBD. A Labsphere Uniform Source System will be us& to provide a calibrated (NET 
traceable) radiance for a wavelength range of 0.4 to 2.3 mm. This source will be used for all visible 
sensors and the NIR sensor. For the LWIR and upper wavelength filters of the NIR, the extended 
blackbody source will be used. The source will be placed near the sensor to ensure the source fills the 
entire sensor field of view. A radiometric analysis will be performed as follows: For each filter 
setting, gain setting, and a set of appropriate integration time two images will be acquired and stored: 

8.4. Test Environment & Procedure 

0 Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 
Log the execution of the "LLNL Flat Field Test" in the sensor certification log. 
Use a class loo0 or better environment if possible. 

0 At Power&, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorID> - LLNL-SAL-xxxxx.temp. 
Example: W311-LLNL-SALM)16.temp 

0 Do SOMETHING!!! 

0 Store the sensor using/completing the "Sensor Activity Log Sheet (LLNL-SAL) 

0 When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. 

0 When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 
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. . . . . . __  -. 

0 Note Any exceptions in the test 
P 

8.5. Performance Analysis & Reporting Criterion 

Cl Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 
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1.1. Scope 

This document is the LLNL Clementine sensor acceptance test procedure for the DSPSE spacecraft. It 
defines the optical, mechanical, thermal, electrical, and software tests necessary to verify the ' 
functionality of the sensors for the Clementine Sensor Integration Project at NRL 

The subsystems associated with the sensor data acquisition verification process are shotvn in Figure 1.1. 

Figure 1.1 Sensor Test & Verification Subsystems 

LLNL will provide a PreIntegration Sensor Acceptance Testing, verification, and a debug platform using 
interfaces which imitates the S/C interface. ?he LLNL Setup is shown in Figure 1.2 

LLNL Date 
Acquisition 

System 

VRAM 
SASI 

Verification 
Analysis 

Bench Power 

LLNL SPUDS 
or 

Figure 1.2 Pre-Spacecraft-Integration Sensor Verification Model - .  
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1.2. Verification Modes 
? 

Two verificztion modes are defined for this verification plan. These are 1) F ~ n c t i o ~ l  verification and 
2) Performance Verification, - 

Functional verification is defined as an application of a test at nominal spacecraft conditions; i.e. 
voltages and ambient (room) temperatures. These environmental parameters must be maintained 
within the acceptable ranges for all components included in the test and are summarized below. 

Performance verification is defied as an application of a test at the-full range of space conditions; i.e. 
Max-min voltages and temperatures. These environmental parameters must be maintained within the 
acceptable ranges for all components included in the test and are summarized below. 

Each verification test in this plan will include the operational parameters (for temperature, voltages, 
etc.) that are necessary for the above listed verification modes. 

1.2.1. Verification Tests 

The followings tests will be performed on each sensor: 
Sensor Physical Examination (LLNL) 
Filter Positioner (LLNL.) 
Electrical Waveform (LLNL) 
SASI Command Set (LLNL) 
Dark Field (LLNL) 
Image Field Analysis (LLNL) 
Flat Field (LLNL) ,- 

The Naval Research Laboratory will need to provide the additional tests listed below to complete the 
test suite for the sensors at NRL. 

: *j 

Radiometric Sensitivity (NRL) 
Point Spread Function (NRL) 
SIP-DHU-Sensor Interface (NRL) 
Sensor Timeout (NRL) 
Image Compressiodkompression (NRL) 
Boresight Alignment (NRL) 
Sensor Data Telemetry (NRL) 
Sensor Software Algorithms (NRL) 

Each of the procedures allows a comparison to the calibrations performed at LLNL. A comparison of 
the results of the sensor verification tests and the LLNL calibrations will be made. 

Sensor Verification Test Procedure 
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1.3. Documents 

135. LLNL DocumP-nts 

TBD 
TBD .LIDAR Laser Transmi.tter Assembly 
TBD UV/Visible Camera 
TBD Star Tracker Camera , 
TBD Near Infrared Camera 
TBD Long wave Infrared Camera 

D A R  High Resolution Camera/Range Receiver 

> 

.- 
Interface Control Documents 

LIDAR High Resolution Camera/Range Receiver C1-9-008 
c1-9-011 LIDAR Laser Transmitter Assembly 
Cl-S2-008 W/Visible Camera 
c1-s1-010 Star Tracker Camera 
Cl-S3-008 Near Infrared Camera 
Cl-S3A-006 Long wave Infrared Camera 

1.4. Environments & Handling Procedures 

1.4.1. Anti Static Environment 

The sensors are electrostatic sensitive devices and will be handled in a manner so as to prevent damage 
due to static charge. This will include the grounding of the operator (grounded wrist band), camera, 
working surface, and conductive floor mats to a common point. The sensors will be sealed in a anti-static 
bag before leaving the anti-static environment and will be packed in its aluminum case when being 
transported. 

1.42. Contamination 

All sensors must be maintained within a contamination environment specified in their ICD’s. The 
Sensor usage and environment must be logged in order to maintain the proper level of contamination 
prior to flight. Analysis of exposure levels and usage will be periodically verified. 

To prevent dust from accumulating on the optics, a mask and lint-free gloves shall be worn when in close 
. proximity to the uncovered sensor. The sensor lens and baffle shall be covered at all times when the 

camera is not in use. 
1.4.3. Temperature 

Temperature limitations placed upon the sensors are in terms of the Base Plate temperature, CCD 
temperature and the lens temperature. The base plate temperature limits are specified to protect the 
electronic and mechanical parts from thermal damage. The CCD temperature limits are primarily 
concerned with achieving required CCD performance. The lens temperature limits are concerned with 
the performance of the STC optics and the protecting them from thermal damage. The various 
temperature limits are described below: 

- 

1- Operational-In-Spec - This is the temperature range which is required in order to achieve sensor 
performance requirements. 

Sensor Verification Test Procedure 
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2- Operation-Out-Spec - This is the temperature range which is required in order to prevent damage to 
the sensor while maintaining a functional state. Damage and/or a reduction in reliability can occur ; P h  1 
to a sensor because the electronic junction temperatures are outside operating limits. This ~' ' 

temperature limit will prevent the worst case electronic component from exceeding its maximum, 
derated, junction temperature. Maximum junction temperatures are derated according to thermal 
design and reliability requirements. 

During all tests the CCD, base plate, and where appropriate, lens temperatures must be monitored on a 
continuous basis. If the node temperature exceeds the specifications listed in the sensor ICD, then the 
test must be terminated until all temperature conditions return with the specified limits. 

:" _. 

1.4.4. Humidity 

The environment in which the tests are to take place shall be maintained at a relative humidity 
between 40 and 70%. At no time shall condensation occur. 
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$ 

Operator: . u; 4-2 Date: ?//ai/ 7'3 Activity Sheet:-LLNL-SAL- QQ2 7 
2.1. 

2.2. 

2.3. 

24. 

I I 

Applicable Sensors: 
0 StarTracker ST 3 QW-VIS OHiR€?S 
OLaserTransmitter QNIR 0 LWIR 

Data Storage Locations: 
Images: NONE 
Temp : NONE 

Purpose: 

Upon arrival of each sensor at NRL, a physical examination will be performed to check for any damage 
that may have occurred during shipping. This will include verification of the serial number and a 
visual check of the structure, optics, baffles, and all connectors. 

Test Environment & Procedure 

& Verify that the sensor Certification Log has an exposure log in the front of the book, and that it has 
been started. 

Verify that the sensor Certification Log has work sheets to log all sensor activities and has been F started. 

p6 Unpack the sensor using the Sensor Activity Log Sheet, "Preparation & Grounding" section. 

@ Log the execution of the "LLNL Physical Examination Test" in the sensor certification log. 

Log or verify the following: 

ld Verify that the sensor has the proper sensor identification and LLNL property tag. 

#' Verrfy that sensor shorting plugs are present. 

Verify the presence of connector savers on A sensor connectors. 

pif Verify that the sensor has a baffle cover and that it is labeled to its sensor 

$ Note any loose screws, broken staking or other physical damage. 

Note the condition of the optics and any contamination found. 

Verify that the sensor has flying leads for the lens temperature, and lens heater and thatthe?ido 
apparent damage. 
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2.5. 

tl Store the sensor using the "Sensor Activity Log Sheet (LWL-SAL) , "Securing the Sensor" section or 
continue to next test. 0 Stored Sensor I WContinued Testing. 

0 When the test is successfully completed, Update the LLNL Sensor Acceptance - Testing Summary 
Sheet. 

:q, 
- t  

Performance Analysis & Reporting Criterion 

No post processed data reduction is necessary for this test. The report shall contain a detailed 
description of the results of the examination steps outlined in the test procedure. 

Sensor Verification Test Procedure 
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Operator: ' Date: Activity Sheet: LLNL-SAL- -_ 
3.1. 

3.2. 

3.3. 

Applicable Sensors: 

Data Storage Locations: 

Images: 
Data: 
Temp : 

PUrp- 

NONE 
/dspse/cSensor>/filterPos/dateONMMDD)/<f 
MACcSensorID>-LLNL-SAL-XXXX. temp.FPT 

Verify the step operation and position status of the sensor's filter wheel. 

3.4. Test Environment & Procedure 

0 Unpack the sensor using the "Sensor Activity Log Sheet (LW-SAL) 

0 Log the execution of the "LLNL Filter Positioner Test" in the sensor certification log. 

P At Power-&, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorID> - LLNL-SAL-xxxxx.temp. FPT 
Example: W311-LLNL-SAL-0016.temp. 

0 Step, settle and read the filter on the sensor using. the filter position driver software 
"filterStepTest" for 1000 steps of the filter wheel. Do both Clockwise (CW) and CounterClockWise 
(CCW) 

filterStepTest -s <Sensor> -f CW -d 250 -n loo0 
filterStepTest s <sensor> -f CCW -d 250 -n loo0 

0 When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. 

The software will verify that the filterwheel stops at the correct position each time by comparing the 
SASI command expected position (software state machine) and the position obtained by sending a SASI 
request for filter position command. 

Sensor Verification Test Procedure 
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0 

P 

P 

Note Any exceptions in the test 
f-7 

- 

Store the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) , "Securing the Sensor" section or 
continue to next test. P Stored Sensor I P Continued Testing. ., 

.l 

When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 

3.5. Performance Analysis & Reporting Criterion 

Note any software exeception that were generated (due to mis syn&onization of the software state 
machine and the physical hardware). 

Plot temperature vs time of the Sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 

Sensor Verification Test Procedure 
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4.1. 

4.2. 

4.3. 

4.4. 

Operator: b c 1\1 @/sed Date: FA./. 3 Activity Sheet-LLNL-SAL- 

Applicable Sensors 
ow-VIS o m  
ONIR OLWIR 

c PStarTracker .< I ,?/G 

Data Storage Locations 

Images: NONE 
Temp: MAC:<SensorID>-LLNL-SAL-XXXX.temp.EWVT 

purpose 

Verify the sensor logical waveform tranisitions, timings, switching characteristics in a single 
[OPTIONAL or multiple] sensor bus environment. 

Verify that the sensor powers up with its bus drivers tristated. 

Test Environment & Procedure 

0 Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 

0 At Power-&, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorID> - LLNL-SAL-xxxxx.temp. 
Example: UV311-LLNL-SAL-OO16.temp 

T 
;., 

@' Log the execution of the 'ZLNL Electrical Waveform Test" in the sensor certification log. 

Run this test at ambient conditions, monitor and logging temperature profiles of the CCD and 
baseplate temperature. 

Use the Lecroy Oscilloscope and set the following Parameters. 

FLecroy Function E is ON and set to Math function: (Channell - Channel2) 
Place the raw data differential output (channell) on the top of the screen, and the (Channel1 - 
&ann&) subtraction on the bottom of the screen. 

$Calibrate the probes to a flat response on the Scope calbiration point. Then Remove any bias from 
the probes for the channel-1 - Channel 2) subtraction function. 

P R u n  the program "tv" on the Sun system. 
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For an integration time of: 

StarTracker : 100mSec 
Nir: 11 mseC 

0 HiRes : lOOmSec 
0 LWIR : 5.76 

cl w-VIS : loomsec 
-- 

Obtain plots of each of the following differential driver outputs at the MDM-51 Breakout Box: 

I 

0 Verify log and 
Pixel Clock Rate: 

)d VerirY, log and plot the line time for the sensor based on the High-State of Pixval. 
Line Time: 79- /os / 

Verify, log and plot 

Frame Time: C'CAX ws 

for the sensor based on the Low-state of Pixval. 
Interline Time: 

@ Verify log and plot the Imge Frame Readout Time based on the High-State of Vsync. 

Generate a detailed logic timing diagram (using the HP Data Analyzer) 
P Beginning of the Frame Transfer 
&4 End-Of-Frame Transfer 
$1 Sasi Command Transaction, showing CMDCLK, CMDSTAT, CMDDAT 

0 When testing has been completed, turn the power to the sensor off and close the temperature data . .  
log file on the macintosh. 
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0 Note Any exceptions in the test 

Store the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) , "Securing the Sensor" section or 
continue to next test. 0 Stored Sensor I 0 Continued Testing. 

When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 

4.5. Performance Analysis & Reporting Criterion 

Plot both Logic Timing Transitions, and Waveform Transitions fok the Data acquired in the test 
procedure. 

Verify that the both the timing and Waveform Transitions meet ICD specifications. 

Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 
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Operator: Date: Activity Sheet: -LLNL-SAL- 

5.1. 

5.2. 

5.3. 

Applicable Sensors: 
0 StarTracker ow-VIS OHiRes 

OLWIR 

Data Storage Locations: 

Images: 
Temp: 

NONE 
M AC<SensorID>-LLNL-SAL-XXXX. temp.SCPT 

Purpose: 

Test the sensors parameter memory against valid and invalid SASI commands. This test will use 
computer software to run through all the possible permutations of SASI commands, and verify that the 
parameter memory state is properly modified by proper SASI commands, and not modified by illegal 
momrrrands. 

The Test will also ensure that a sensor will not come on the bus if an illegal command is sent while the 
sensor's drivers are tri-stated. 

5.4. Test Environment & Procedure 
I 

0 Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 
Log the execution of the "LLNL Physical Examination Test" in the sensor certification log. 

0 At Power-, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorID> - LLNL-SAL-xxxxx.temp. 
Example: W311-LLNL-SAL-OO16.temp 

0 When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. 

0 Store the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) , "Securing the Sensor'' section or 
continue to next test. 0 Stored Sensor I 0 Continued Testing. 

0 When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 

0 Note Any exceptions in the test 
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5.5. Performanci? Analysis & Reporting Criterion - 
Sofware shodd report the status of both good and bad SASI commands, reporting any anomolies that 
were generated while testing all possible data inputs to the sensor. 

Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 

-. 
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Operator: & 1'; Date: d/?/q 3 Activity Sheet: -LLNL-SAL- (or3 &Q 
. .  

Sensor Integration Offset Video #Images Source Intensifier Filter 
T i e s  Gain Gain Position 

Q 100 0 7 5 5  Cover & Darkcloth N/A N/A 
tq 200 0 7 5 5  Cover & Darkcloth N/A N/A 

250 0 7 5 5  , Cover&DarkCloth N/A N/A 

StarTracker b,5 0 0 7 5 5  Cover & Darkcloth N/A N/A 

UV-VIS 0 '50  0 150 5 Cover & Darkcloth N/A 
0 100 0 150 5 Cover & Darkcloth N/A 
0 200 0 150 5 Cover & Darkcloth N/A 
0 250 0 150 5 Cover & Darkcloth N/A 

HiRes 0 50  0 150 5 Cover & Darkcloth 0 3 
a 100 0 150 5 Cover & Darkcloth 0 3 
0 200 0 150 5 Cover & Darkcloth 0 3 
a 2 5 0  0 150 5 Cover & Darkcloth 0 3 

6.1. 

6.2. 

6.3. 

6.4. 

. .  

i 

ADDlicable Sensors: 

Data Storage Locations: 
Images: /dspse/cSensor>/dar~ield/date/csomame.imag~umben 
Temp : M AC<SensorID>-LLNL-SAL-XXXX. temp.DFUT 

Purp- 
The dark field images recorded will be used to measure the dark curren: and dark current uniformity at 
a known temperature. These values will be used to verify the dark fierd sensitivity to integration time 
and the fixed pattern noise as measured at LLNL. 

Test Environment & Procedure 
This test is performed in at ambient temperature [OPTIONAL with a cooled base-plate], recording 

9 Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 

4 Power the sensor and allow the sensor to come to thermal equilibrium for 15 minutes. 

8 At Power-, Start the nuke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorID> - LLNL-SAL-xxxxx.temp. 
Example: W31l-LLNL-SAL4016.temp 

dark field images and the temperature environment at which they were obtained. 

Log the execution of the 'ZLNL Dark Field Uniformity Test" in the sensor certification log. 
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6.5. 

300" C Soder Iron 
350" C Soder Iron 

.- 

Black Body 35" C 
BlackBody 77" C 

N/A 
N/A 

.N/A 
N/A g 1 %  

ake images at eac 

NIR 

LWIR 
I 
I 

I 

Q 11 ms 
0 3 3  ms 

Qlooms 
Q 0.18 ms 
Q 1.44 ms 
0 2.88 ms 
0 5.76 ms 

a 5 7  m~ -1 
ures] 

p Make a README.IMAGES in the image directory (/dspse/sensor/darkField/d&e) file to describe 
the images taken in the sequence. Include the following line for each sensor: 
Filename Integration tirne=xxx Gain=xxx Offset=xxx 

B' Record the temperature conditions of the following: Ambient temperature, sensor baseplate 
temperature, CCD temperature, lens tem erature, relative humdity. 

0 When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. 

CCD 2 . 9 ~ ~ -  j--a&c . 

@ Store the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) , "Sec+g the Sensor" section or 
continue to next test. P Stored Sensor I PContinued Testing. 

0 When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 

O Note Any exceptions in the test I 

Performance Analysis & Reporting Criterion 
The Dark Field Uniformity Report Shall contain the following 

CI Histogram showing the distribution of the image field pixel values, notated with temperatures. 

Q Plot showing the integration time VS (Averaged) Dark Current for both a entire frame and defined 
regeion. (mean, StdDev, Var) 

Q [Optional] Plot showing the (averaged) dark current VS temperature 

Cl Compare the Dark current wiht LLNL calibration Summary Report 

Plot an Image Field showing the Fixed Pattern noise of the summation of each Integration times images 
(10-20each). 

Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 
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Operator: ju; dsed Date: ?/I?/ 9 3 Activity Sheet:-LLNL-SAL-OoaQ 

Video #Images Source Intensifier 
Gain Gain 
75 5 Cassiopeia N/A 
EO 5 Cassiopeia 
350 5 Cassiopeia 

5 Dark Cloth 
5 Dark Cloth 
5 Dark Cloth 
5 . Refstar* 190 
5 Refstar' 190 
5 Refstar' 190 
5 .  Refstar' 190 
5 Refstar* 190 
5 Refstar* 190 
5 300" 
5 350" 
5 300" 

7.1. 

Filter 
Position 
N/A 

2 
2 
2 
4 
4 
4 

. .  

7.2. 

b 300 
0 50 
0 100 
0 200 
0 1 0  
0 25 
0 50 
0 10 
0 25 

7.3. 

0 
0 
0 
0 
0 
0 
0 
0 
0 

7.4. 

Applicable Sensors: 
ClStarTracka 5 3 f Q  ow-VIS 0HiRes 

O m  OLWIR 

Data Storage Locations: 
Images: / d s p s e / < S e n s o n / i m a g e F i e l d / d a t e / < s ~ o ~ e . ~ g e n ~ b e ~  
Temp : MAC:<SensorID>-LLNL-SAL-XXXX. temp.IFAT 

putp- 

Acquire and store a re-creatable image field for analysis. 

Test Environment & Procedure 

0 Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 

P Log the execution of the "LLNL Image Field Analysis Test" in the sensor certification log. 

P At Power-&, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
Macintosh interface. Save the file as: <sensorID> - LLNL-SAL-xxxxx.temp. 
Example: W311-LLNL-SAL-0016.temp 

Vary Integration time and Gain to produce peak pixel of -220 digital counts 

SensOr 

StarTracker 

uv-VIS 

HiRes 

NIR 

l o  

LWIR I I 
* Ref star is the Cassiopeia Constc 
series with the power supply. 
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& 
m 
0 

0 

When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. 

Store the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) , "Securing the Sensor" section or 
continue to next test. &Stored Sensor I b Continued Testing. 

When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 

Note Any exceptions in the test 
1 

7.5. Performance Analysis & Reporting Criterion 

0 Generate PSF for Point Source at a Pixel near the center of the Field of View and 4 points evenly 
spaced off axis. 

P Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 

. .  
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i 

Operator: Date: Activity Sheet:-LLNL-SAL- 

8.1. Applicable Sensors: 
0 S!arTracker ow-VIS OHiR€S 

ONIR OLWIR 

8.2. Data Storage Locations: 
Images: /dspse/cSensor>/flatField /date/<sensomame.imagenumber> 
Temp : MAC:<SensorID>-LLNL-SAL-XXXX. temp.FFT 

8.3. Purpose 
A verification of the LLNL absolute radiometric calibration will be performed on the sensors with an 
accuracy of TBD. A Labsphere Uniform Source System will be used to provide a calibrated (NIST 
traceable) radiance for a wavelength range of 0.4 to 2.3 mm. This source will be used for all visible 
sensors and the NIR sensor. For the LWIR and upper wavelength filters of the NIR, the extended 
blackbody source will be used. The source will be placed near the sensor to ensure the source fills the 
entire sensor field of view. A radiometric analysis will be performed as follows: For each filter 
setting, gain setting, and a set of appropriate integration time two images will be acquired and stored: 

8.4 Test Environment & Procedure 
0 Unpack the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) 

Log the execution of the "LLNL Flat Field Test" in the sensor certification log. 

0 At Power-On, Start the Fluke Temperature Data Logger bu pushing the "Start Log" button on the 
hbcintosh interface. Save the file as: <sensorID> - LLNL-SAGxxxXx.temp. 
Example: W311-LLNL-SAL-OO16.temp 

0 Do SOMETHING!!! 

0 Store the sensor using the "Sensor Activity Log Sheet (LLNL-SAL) , "Securing the Sensor" section or 
continue to next test. 0 Stored Sensor I 0 Continued Testing. 

0 When testing has been completed, turn the power to the sensor off and close the temperature data 
log file on the macintosh. 

0 When the test is successfully completed, Update the LLNL Sensor Acceptance Testing Summary 
Sheet. 
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Q Note Any exceptions in the test 

8.5. Performance Analysis & Reporting Criterion 

0 Plot temperature vs time of the sensor CCD, and baseplate starting at power-on, notated with room 
temperature. 

. 
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